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result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.
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suction loads are also groundbreaking for 
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project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
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flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
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are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
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due to the cost savings they bring about. The 
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and precisely applied from the roll down to the last 
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guarantees that we can produce on schedule and 
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Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
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Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
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systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.
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due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
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Equipment Manufacturers (OEMs) in the building 
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result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.
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intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.



result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.
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emissions are generated during the production of 
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Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
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restaurants, offices, serviced apartments and a 
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hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.
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supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
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elements made of spruce wood remained unclad 
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a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
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regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
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install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
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flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.



result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
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flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.



result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.
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flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.



result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.
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flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.

Hilal Al Hasani

Madayn’s continuing efforts to attract local and 
foreign investments to Oman

The Sultanate of Oman’s government and private 
bodies are making significant efforts to advance the 
national economy through attracting major 
investments to the Sultanate. The Public 
Establishment for Industrial Estates – Madayn, the 
government body responsible for operating and 
managing a lineup of industrial cities across Oman, 
has been introducing effective programmes and 
initiatives since its establishment to attract local and 
foreign investors to its industrial cities. 
Speaking at a recent event in Oman, Hilal bin 
Hamad Al Hasani, Chief Executive Officer of 

Madayn, emphasised that the Sultanate has 
emerged as one of the major investment 
destinations in various sectors in recent years. “This 
is a result of the efforts undertaken by the public and 
private sectors as the Sultanate has witnessed 
significant development in transport and logistics 
fields, thanks to the ports, airports and roads that 
have been implemented in accordance to the 
international standards,” he said.

Al Hasani noted that Madayn is managing and 
operating today seven industrial cities throughout 
the Sultanate, in addition to the IT park known as 
Knowledge Oasis Muscat (KOM) and Al Mazunah 
Free Zone. “Therefore, there are a variety of 
attractive investment opportunities in Oman for the 
local and foreign investors, especially that the 
Sultanate enjoys great economic and commercial 
ties with a number of economic blocs,” he pointed 
out.

He added that Madayn is part of an integrated 
economic system that seeks to achieve global reach 
through constructing and operating advanced 
business cities that go in line with the best 
international experiences. To achieve this, Madayn 
has made efforts to restructure its legal system and 
re-engineer all its operations with the aspiration of 
enhancing competitiveness and attracting foreign 
and national investments. The issuance of the Royal 

Decree no. 32/2015 came to reflect the new role 
attached to Madayn as it will be linked to regulating 
and monitoring within its industrial cities, in addition 
to its issuance of licenses and permits. 

Moreover, Madayn has adopted a programme to 
strengthen Public-Private Partnership (PPP). By the 
end of the programme, all of Madayn’s industrial 
cities will be constructed, managed and operated by 
the private sector. As part of this programme, 
Madayn established Oman Investment and 
Development Holding Company (Mubadrah), which 
has begun to manage and develop Al Rusayl 
Industrial City since the beginning of the current year 
as a first step. 

Al Hasani informed that the total area of Madayn’s 
cities has exceeded 100 million sqm today, with 
more than 2200 projects investing in these cities 
employing more than 60,000 of workforce, of which 
more than 20,000 are Omanis. The total volume of 
investments has touched more than 17 billion USD. 
Additionally, work is underway to launch two new 
industrial cities in Shinas and Thumrait. The two 
cities will be the first to be fully developed and 
managed by the private sector through developers 
with international expertise in this field. All these 
efforts aim at making our business cities among the 
major investment destinations for the local, Arab and 
foreign investors,” Al Hasani added.

Focus on Omanisation
The CEO of Madayn stressed that focusing on 
training and qualifying the national cadres in the 
industrial sector in particular and other sectors in 
general shall raise the competence and productivity 
and create an ideal work environment, which would 
positively reflect on the Sultanate’s national 
economy,” Al Hasani said, adding: “One of the major 
national objectives that Madayn seeks to achieve is 
providing suitable job opportunities for the national 
workforce. By the end of 2018, Madayn has provided 
more than 20,000 job opportunities for the nationals 

in its various industrial cities. We should note here 
that the overall Omanisation rate achieved by 
Madayn has touched 35% by the end of 2018. These 
results would not have been achieved without 
concerted efforts and coordination with the Ministry 
of Manpower and the factories and companies.” 

Al Hasani pointed out that since 2011 Madayn has 
adopted training programmes and plans for the 
workforce who are based in the various industrial 
cities. Madayn has also provided training 
opportunities for the national cadres who are 
working in senior administrative and supervisory 
positions. “In line with Madayn’s efforts to achieve 
comprehensive and sustainable economic and 
social development based on the capabilities of the 
Omani youth, Madayn Industrial Academy has been 
established recently and is currently being prepared 
through cooperation with a number of partners. The 
academy shall provide vocational and technical 
training programmes to train and qualify the Omani 
cadres and accordingly raise their productivity and 
readiness for the market as per the requirements of 
the factories and companies,” he informed.

It should be noted that the vision of Madayn is to 
enhance Oman’s position as a leading regional 
centre of manufacturing, ICT, innovation and 
entrepreneurship excellence, and its mission 
focuses on attracting industrial investments and 
providing continued support, through regionally and 
globally competitive strategies, good infrastructure, 
value adding services, and easy governmental 
processes. Madayn offers a lineup of incentives for 
the investors, which include lease period of lands 
and facilities for up to 30 years, renewable for the 
same period; right to sell constructions and buildings 
on the leased land; right to lease the buildings and 
facilities built on the leased lands by investors; right 
to involve new partners in the lease contract; 
exemption from tax on net profit for a period of five 
years for industrial projects; exemption from customs 
duties and taxes on production input; among other 
incentives.

Value-adding Initiatives

With the aspiration of offering an ideal environment 
for the local and foreign investors, Madayn offers a 
variety of value-adding initiatives for the investors. 
These include:

Oman Investment & Development Holding 
Company (Mubadrah)
With the objective of developing and improving the 
operational processes, competitiveness, 
infrastructure and facilities of the various industrial 
cities, Madayn established Mubadrah in 2017 to take 
over the construction, operation and management 
processes of the existing industrial cities. This will 
result in raising productivity, enhancing income, 
developing the industrial cities, and offering 
comprehensive services for the investors operating 
in these cities. 

Made in Oman Campaign
The campaign is designed to encourage consumers 
and organisations to buy Oman made goods and 
services, promote national pride in the 
manufacturing industry and highlight the economic 
importance of choosing and buying locally 
manufactured products and services. In line with this 
campaign, Madayn supports the Omani companies 
and factories to participate in local, regional and 
international exhibitions with the aim of broadening 
the markets of their high quality products.

National Business Centre (NBC)
NBC is an initiative launched by Madayn at the 

Knowledge Oasis Muscat (KOM) to offer promising 
Omani entrepreneurs a platform to develop their 
business ideas and advance them into growing 
ventures. The centre offers a premier platform for 
Omani entrepreneurs by providing business 
development support and guidance, training and 
mentoring, access to markets and industry experts, 
and state-of-the-art and fully equipped office space, 
meeting rooms and presentation facilities. 

Shumookh Investment and Services SAOC 
Shumookh Investment and Services is the 
investment arm of Madayn that endeavours to 
develop infrastructure projects and encourage 
investment in the industrial cities under Madayn. The 
vision of Shumookh is to develop globally 
competitive industrial infrastructure in Madayn’s 
industrial cities and create the best environment for 
the growth of industries in Oman through attracting 
strategic partnerships into infrastructure 
development projects.

Communication and Investor Service Centre
A well-equipped Communication and Investor 
Services Centre was initiated by Madayn to support 
potential and existing investors for setting up and 
managing their ventures through easy processes 
and strong CRM systems. The centre aims to 
achieve highest level of customer satisfaction by 
addressing the obstacles the investors may face 
through constant cooperation with other related 
government entities.



result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.

The Sultanate of Oman’s government and private 
bodies are making significant efforts to advance the 
national economy through attracting major 
investments to the Sultanate. The Public 
Establishment for Industrial Estates – Madayn, the 
government body responsible for operating and 
managing a lineup of industrial cities across Oman, 
has been introducing effective programmes and 
initiatives since its establishment to attract local and 
foreign investors to its industrial cities. 
Speaking at a recent event in Oman, Hilal bin 
Hamad Al Hasani, Chief Executive Officer of 

Madayn, emphasised that the Sultanate has 
emerged as one of the major investment 
destinations in various sectors in recent years. “This 
is a result of the efforts undertaken by the public and 
private sectors as the Sultanate has witnessed 
significant development in transport and logistics 
fields, thanks to the ports, airports and roads that 
have been implemented in accordance to the 
international standards,” he said.

Al Hasani noted that Madayn is managing and 
operating today seven industrial cities throughout 
the Sultanate, in addition to the IT park known as 
Knowledge Oasis Muscat (KOM) and Al Mazunah 
Free Zone. “Therefore, there are a variety of 
attractive investment opportunities in Oman for the 
local and foreign investors, especially that the 
Sultanate enjoys great economic and commercial 
ties with a number of economic blocs,” he pointed 
out.

He added that Madayn is part of an integrated 
economic system that seeks to achieve global reach 
through constructing and operating advanced 
business cities that go in line with the best 
international experiences. To achieve this, Madayn 
has made efforts to restructure its legal system and 
re-engineer all its operations with the aspiration of 
enhancing competitiveness and attracting foreign 
and national investments. The issuance of the Royal 

Decree no. 32/2015 came to reflect the new role 
attached to Madayn as it will be linked to regulating 
and monitoring within its industrial cities, in addition 
to its issuance of licenses and permits. 

Moreover, Madayn has adopted a programme to 
strengthen Public-Private Partnership (PPP). By the 
end of the programme, all of Madayn’s industrial 
cities will be constructed, managed and operated by 
the private sector. As part of this programme, 
Madayn established Oman Investment and 
Development Holding Company (Mubadrah), which 
has begun to manage and develop Al Rusayl 
Industrial City since the beginning of the current year 
as a first step. 

Al Hasani informed that the total area of Madayn’s 
cities has exceeded 100 million sqm today, with 
more than 2200 projects investing in these cities 
employing more than 60,000 of workforce, of which 
more than 20,000 are Omanis. The total volume of 
investments has touched more than 17 billion USD. 
Additionally, work is underway to launch two new 
industrial cities in Shinas and Thumrait. The two 
cities will be the first to be fully developed and 
managed by the private sector through developers 
with international expertise in this field. All these 
efforts aim at making our business cities among the 
major investment destinations for the local, Arab and 
foreign investors,” Al Hasani added.

Focus on Omanisation
The CEO of Madayn stressed that focusing on 
training and qualifying the national cadres in the 
industrial sector in particular and other sectors in 
general shall raise the competence and productivity 
and create an ideal work environment, which would 
positively reflect on the Sultanate’s national 
economy,” Al Hasani said, adding: “One of the major 
national objectives that Madayn seeks to achieve is 
providing suitable job opportunities for the national 
workforce. By the end of 2018, Madayn has provided 
more than 20,000 job opportunities for the nationals 

in its various industrial cities. We should note here 
that the overall Omanisation rate achieved by 
Madayn has touched 35% by the end of 2018. These 
results would not have been achieved without 
concerted efforts and coordination with the Ministry 
of Manpower and the factories and companies.” 

Al Hasani pointed out that since 2011 Madayn has 
adopted training programmes and plans for the 
workforce who are based in the various industrial 
cities. Madayn has also provided training 
opportunities for the national cadres who are 
working in senior administrative and supervisory 
positions. “In line with Madayn’s efforts to achieve 
comprehensive and sustainable economic and 
social development based on the capabilities of the 
Omani youth, Madayn Industrial Academy has been 
established recently and is currently being prepared 
through cooperation with a number of partners. The 
academy shall provide vocational and technical 
training programmes to train and qualify the Omani 
cadres and accordingly raise their productivity and 
readiness for the market as per the requirements of 
the factories and companies,” he informed.

It should be noted that the vision of Madayn is to 
enhance Oman’s position as a leading regional 
centre of manufacturing, ICT, innovation and 
entrepreneurship excellence, and its mission 
focuses on attracting industrial investments and 
providing continued support, through regionally and 
globally competitive strategies, good infrastructure, 
value adding services, and easy governmental 
processes. Madayn offers a lineup of incentives for 
the investors, which include lease period of lands 
and facilities for up to 30 years, renewable for the 
same period; right to sell constructions and buildings 
on the leased land; right to lease the buildings and 
facilities built on the leased lands by investors; right 
to involve new partners in the lease contract; 
exemption from tax on net profit for a period of five 
years for industrial projects; exemption from customs 
duties and taxes on production input; among other 
incentives.

Value-adding Initiatives

With the aspiration of offering an ideal environment 
for the local and foreign investors, Madayn offers a 
variety of value-adding initiatives for the investors. 
These include:

Oman Investment & Development Holding 
Company (Mubadrah)
With the objective of developing and improving the 
operational processes, competitiveness, 
infrastructure and facilities of the various industrial 
cities, Madayn established Mubadrah in 2017 to take 
over the construction, operation and management 
processes of the existing industrial cities. This will 
result in raising productivity, enhancing income, 
developing the industrial cities, and offering 
comprehensive services for the investors operating 
in these cities. 

Made in Oman Campaign
The campaign is designed to encourage consumers 
and organisations to buy Oman made goods and 
services, promote national pride in the 
manufacturing industry and highlight the economic 
importance of choosing and buying locally 
manufactured products and services. In line with this 
campaign, Madayn supports the Omani companies 
and factories to participate in local, regional and 
international exhibitions with the aim of broadening 
the markets of their high quality products.

National Business Centre (NBC)
NBC is an initiative launched by Madayn at the 

Knowledge Oasis Muscat (KOM) to offer promising 
Omani entrepreneurs a platform to develop their 
business ideas and advance them into growing 
ventures. The centre offers a premier platform for 
Omani entrepreneurs by providing business 
development support and guidance, training and 
mentoring, access to markets and industry experts, 
and state-of-the-art and fully equipped office space, 
meeting rooms and presentation facilities. 

Shumookh Investment and Services SAOC 
Shumookh Investment and Services is the 
investment arm of Madayn that endeavours to 
develop infrastructure projects and encourage 
investment in the industrial cities under Madayn. The 
vision of Shumookh is to develop globally 
competitive industrial infrastructure in Madayn’s 
industrial cities and create the best environment for 
the growth of industries in Oman through attracting 
strategic partnerships into infrastructure 
development projects.

Communication and Investor Service Centre
A well-equipped Communication and Investor 
Services Centre was initiated by Madayn to support 
potential and existing investors for setting up and 
managing their ventures through easy processes 
and strong CRM systems. The centre aims to 
achieve highest level of customer satisfaction by 
addressing the obstacles the investors may face 
through constant cooperation with other related 
government entities.



result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.

The Sultanate of Oman’s government and private 
bodies are making significant efforts to advance the 
national economy through attracting major 
investments to the Sultanate. The Public 
Establishment for Industrial Estates – Madayn, the 
government body responsible for operating and 
managing a lineup of industrial cities across Oman, 
has been introducing effective programmes and 
initiatives since its establishment to attract local and 
foreign investors to its industrial cities. 
Speaking at a recent event in Oman, Hilal bin 
Hamad Al Hasani, Chief Executive Officer of 

Madayn, emphasised that the Sultanate has 
emerged as one of the major investment 
destinations in various sectors in recent years. “This 
is a result of the efforts undertaken by the public and 
private sectors as the Sultanate has witnessed 
significant development in transport and logistics 
fields, thanks to the ports, airports and roads that 
have been implemented in accordance to the 
international standards,” he said.

Al Hasani noted that Madayn is managing and 
operating today seven industrial cities throughout 
the Sultanate, in addition to the IT park known as 
Knowledge Oasis Muscat (KOM) and Al Mazunah 
Free Zone. “Therefore, there are a variety of 
attractive investment opportunities in Oman for the 
local and foreign investors, especially that the 
Sultanate enjoys great economic and commercial 
ties with a number of economic blocs,” he pointed 
out.

He added that Madayn is part of an integrated 
economic system that seeks to achieve global reach 
through constructing and operating advanced 
business cities that go in line with the best 
international experiences. To achieve this, Madayn 
has made efforts to restructure its legal system and 
re-engineer all its operations with the aspiration of 
enhancing competitiveness and attracting foreign 
and national investments. The issuance of the Royal 

Decree no. 32/2015 came to reflect the new role 
attached to Madayn as it will be linked to regulating 
and monitoring within its industrial cities, in addition 
to its issuance of licenses and permits. 

Moreover, Madayn has adopted a programme to 
strengthen Public-Private Partnership (PPP). By the 
end of the programme, all of Madayn’s industrial 
cities will be constructed, managed and operated by 
the private sector. As part of this programme, 
Madayn established Oman Investment and 
Development Holding Company (Mubadrah), which 
has begun to manage and develop Al Rusayl 
Industrial City since the beginning of the current year 
as a first step. 

Al Hasani informed that the total area of Madayn’s 
cities has exceeded 100 million sqm today, with 
more than 2200 projects investing in these cities 
employing more than 60,000 of workforce, of which 
more than 20,000 are Omanis. The total volume of 
investments has touched more than 17 billion USD. 
Additionally, work is underway to launch two new 
industrial cities in Shinas and Thumrait. The two 
cities will be the first to be fully developed and 
managed by the private sector through developers 
with international expertise in this field. All these 
efforts aim at making our business cities among the 
major investment destinations for the local, Arab and 
foreign investors,” Al Hasani added.

Focus on Omanisation
The CEO of Madayn stressed that focusing on 
training and qualifying the national cadres in the 
industrial sector in particular and other sectors in 
general shall raise the competence and productivity 
and create an ideal work environment, which would 
positively reflect on the Sultanate’s national 
economy,” Al Hasani said, adding: “One of the major 
national objectives that Madayn seeks to achieve is 
providing suitable job opportunities for the national 
workforce. By the end of 2018, Madayn has provided 
more than 20,000 job opportunities for the nationals 

in its various industrial cities. We should note here 
that the overall Omanisation rate achieved by 
Madayn has touched 35% by the end of 2018. These 
results would not have been achieved without 
concerted efforts and coordination with the Ministry 
of Manpower and the factories and companies.” 

Al Hasani pointed out that since 2011 Madayn has 
adopted training programmes and plans for the 
workforce who are based in the various industrial 
cities. Madayn has also provided training 
opportunities for the national cadres who are 
working in senior administrative and supervisory 
positions. “In line with Madayn’s efforts to achieve 
comprehensive and sustainable economic and 
social development based on the capabilities of the 
Omani youth, Madayn Industrial Academy has been 
established recently and is currently being prepared 
through cooperation with a number of partners. The 
academy shall provide vocational and technical 
training programmes to train and qualify the Omani 
cadres and accordingly raise their productivity and 
readiness for the market as per the requirements of 
the factories and companies,” he informed.

It should be noted that the vision of Madayn is to 
enhance Oman’s position as a leading regional 
centre of manufacturing, ICT, innovation and 
entrepreneurship excellence, and its mission 
focuses on attracting industrial investments and 
providing continued support, through regionally and 
globally competitive strategies, good infrastructure, 
value adding services, and easy governmental 
processes. Madayn offers a lineup of incentives for 
the investors, which include lease period of lands 
and facilities for up to 30 years, renewable for the 
same period; right to sell constructions and buildings 
on the leased land; right to lease the buildings and 
facilities built on the leased lands by investors; right 
to involve new partners in the lease contract; 
exemption from tax on net profit for a period of five 
years for industrial projects; exemption from customs 
duties and taxes on production input; among other 
incentives.

Value-adding Initiatives

With the aspiration of offering an ideal environment 
for the local and foreign investors, Madayn offers a 
variety of value-adding initiatives for the investors. 
These include:

Oman Investment & Development Holding 
Company (Mubadrah)
With the objective of developing and improving the 
operational processes, competitiveness, 
infrastructure and facilities of the various industrial 
cities, Madayn established Mubadrah in 2017 to take 
over the construction, operation and management 
processes of the existing industrial cities. This will 
result in raising productivity, enhancing income, 
developing the industrial cities, and offering 
comprehensive services for the investors operating 
in these cities. 

Made in Oman Campaign
The campaign is designed to encourage consumers 
and organisations to buy Oman made goods and 
services, promote national pride in the 
manufacturing industry and highlight the economic 
importance of choosing and buying locally 
manufactured products and services. In line with this 
campaign, Madayn supports the Omani companies 
and factories to participate in local, regional and 
international exhibitions with the aim of broadening 
the markets of their high quality products.

National Business Centre (NBC)
NBC is an initiative launched by Madayn at the 

Knowledge Oasis Muscat (KOM) to offer promising 
Omani entrepreneurs a platform to develop their 
business ideas and advance them into growing 
ventures. The centre offers a premier platform for 
Omani entrepreneurs by providing business 
development support and guidance, training and 
mentoring, access to markets and industry experts, 
and state-of-the-art and fully equipped office space, 
meeting rooms and presentation facilities. 

Shumookh Investment and Services SAOC 
Shumookh Investment and Services is the 
investment arm of Madayn that endeavours to 
develop infrastructure projects and encourage 
investment in the industrial cities under Madayn. The 
vision of Shumookh is to develop globally 
competitive industrial infrastructure in Madayn’s 
industrial cities and create the best environment for 
the growth of industries in Oman through attracting 
strategic partnerships into infrastructure 
development projects.

Communication and Investor Service Centre
A well-equipped Communication and Investor 
Services Centre was initiated by Madayn to support 
potential and existing investors for setting up and 
managing their ventures through easy processes 
and strong CRM systems. The centre aims to 
achieve highest level of customer satisfaction by 
addressing the obstacles the investors may face 
through constant cooperation with other related 
government entities.



result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.



result, mineral construction and demolition waste 
also constitutes the largest waste stream. Natural 
building materials such as sand and gravel are 
becoming scarce and their uncontrolled extraction 
results in considerable environmental impacts in a 
lot of places. 

The best of both worlds: Wood-concrete hybrid 
construction method  

For many architects, the renewable raw material of 
wood is considered to be one of the key adjustable 
parameters to reduce the construction industry’s 
CO2 emissions. On the one hand wood is a natural 
carbon dioxide sink: moreover, much less energy 
is required during the processing of wood than 
when manufacturing cement and reinforced 
concrete. Sustainably cultivated and processed in 
a recyclable manner, wood is ultimately a valuable 
resource depot in accordance with the 
cradle-to-cradle principle.  

In the 22nd Viennese district one of the tallest 
wooden towers in the world is on the brink of its 
final completion. HoHo Wien, designed by the 
Rüdiger Lainer und Partner architect’s office, is 
becoming the landmark of one of the largest urban 
development projects in Europe, the aspern 
Seestadt. The three-part main complex consists of 
the 84 metre high tower comprising 24 storeys. 
Two additional towers with 15 and 9 storeys are 
docked against it ensuring the buildings mutually 
support each other. Furthermore, there is the 6 

The HoHo Wien is not only one of the highest 
wooden houses in the world. It is above all a 
lighthouse project of sustainable timber 
construction. In view of the fact its thermal 
insulation, resource conservation, efficiency 
and sound insulation properties are all equally 
high performing it has been awarded the LEED 
certificate in Gold and the ÖGNB (Austrian 
Sustainable Building Council) certificate in 
Gold. The 6,000 square metres of insulating 
glass incorporating Edgetech’s Super Spacer® 
warm edge spacer system also make a 
significant contribution here.  The triple glazing 
of Petschenig glastec GmbH achieves an 
excellent Ug value of 0.5 W/(m²K).  

Cradle-to-Cradle – in its purest form means that 
raw materials have been reused in a constant 
biological or technological cycle without leaving 
behind environmentally harmful substances and 
waste. The construction industry is one of the 
sectors where this principle is currently being 
debated most intensively. And there are good 
reasons for this. An estimated 8 % of global CO2 
emissions are generated during the production of 
cement. If the cement industry was a country it 
would be in 3rd place where global CO2 emissions 
are concerned behind China and the United States. 
Half of it is emitted during the chemical process, 
this proportion could thus also not be reduced to 
zero through production using renewable energy. 
The construction boom consumes the largest 
share of natural resources worldwide and, as a 

story adjoining building, the HoHo Next. On the 
HoHo Wien plot with its rental area of some 19,500 
square metres there is space for a hotel as well as 
restaurants, offices, serviced apartments and a 
fitness area. 

The HoHo Wien was erected as a wood-concrete 
hybrid construction. For fire safety reasons, the 
interior of the building consists of a solid reinforced 
concrete core containing staircase, elevators and 
supply shafts. Solid wood structures that are 
prefabricated in series are arranged around the 
concrete core. Due to the fire protection 
requirements that apply, the wooden facade was 
additionally boarded with fibre cement panels 
made of natural raw materials. The wall and ceiling 
elements made of spruce wood remained unclad 
in its interior and retain their intense, sensual 
wooden character. 

All in all, the HoHo Wien achieves a proportion of 
timber of almost 74 % from the ground floor 
upwards and, according to Caroline Palfy, project 
developer and managing director of cetus 
Baudevelopment GmbH, it saves 2,800 tonnes of 
CO2 equivalents compared to a conventionally 
constructed building of the same type and size. 
One can add to this the short transportation routes 
due to the fact the wood is exclusively derived from 

sustainably managed, native forests; one of the 
requirements for the LEED Gold Certificate. 
Caroline Palfy states: “The entire timber 
consumption levels for the HoHo Wien re-grows in 
Austrian forests in just one hour and 17 minutes. 
26 million cubic metres of the 30 million cubic 
metres of wood that re-grows annually in Austria is 
used. The remaining 4 million cubic metres remain 
in the forests and constantly increase the country’s 
stock of timber. This means that 1 cubic metre of 
wood re-grows every second.” 

The wall elements are an example of 
impressive teamwork 

Floor-to-ceiling, double-leaf window elements 
were originally planned. However, the structural 
requirements in terms of the resistance to driving 
rain and wind necessitated a rethink, and the 
window manufacturer Katzbeck, in collaboration 
with Holzforschung Austria (Austrian Wood 
Research Institute), thus developed a solution 
consisting of two-leaf spruce wood aluminum 
windows with mullions, a fall protection device and 
divided lower sash lights. Some 1,100 triple glazed 
heat protection units with UNIGLAS Top pure FLS 
were supplied by Petschenig glastec GmbH from 
Vienna for the facades. The outer pane is 
laminated safety glass for sound engineering 

reasons, the inner is single-pane safety glass. 
Hanspeter Petschenig selected Super Spacer® 
T-Spacer™ Premium Plus as the warm edge. The 
insulating glazing thus achieves a Ug value of 0.5 
W/m²K which is outstanding from a thermal energy 
perspective and the glass edge compound scores 
highly with a Psi value of 0.033 W/mK. The Uw 
value for the entire window is 0.78 W/m2K, the 
total solar energy transmittance level is 49 %. 
The next prefabrication step was performed at 
Hasslacher Norica Timber, where the windows 
were inserted into the wall elements made of 
cross-laminated timber before the general 
contractor Handler assumed the final assembly of 
the complete facade construction. The wall 
elements were supplied just-in-time, hoisted using 
a crane and mounted. The U-value of 0.182 
W/m2K of the opaque wall elements that are clad 
with Eternit fibre cement also reflects the good 
thermal insulation properties of the building. 

Economic and space-saving series 
manufacture 

The international high-rise timber construction 
sector has been boosted by the advent of 
intelligent precast modular systems. The modular 
construction principle of the HoHo Wien impresses 
through its simplicity. The high degree of repetition 

of a few solid wood components offers not only 
cost security, but also the advantage of short 
construction times due to the fact they can be 
serially prefabricated irrespective of the weather. 
The structural engineers at RWT Plus, under the 
leadership of Richard Woschitz, developed a 
system node specifically for the Hoho Wien, which 
form-fitted the prefabricated elements of the 
wood-concrete composite ceiling, wooden column, 
beam and wall element – with virtually no metal 
connections due to the fact welding work is almost 
out of the question in a wooden house. 

The elaborate technical preliminary tests with 
regard to fire protection, sound proofing and wind 
suction loads are also groundbreaking for 
follow-up projects. According to Holzforschung 
Austria the window construction and the wall 
element withstand wind forces of 4,425 Pa without 
any difficulty. 

"Of course, the question of whether one should 
install a thermally separated window edge seal, i.e. 
a warm edge, does not arise in a sustainability 
project such as Hoho Wien," explains Hanspeter 
Petschenig, Managing Director of Petschenig 
glastec GmbH, "due to the fact such low heat 
transfer values as seen in HoHo Wien cannot be 
attained in any other way." In combination with the 

Glaston & Bystronic glass at Eurasia Glass 2020:
Showcasing solutions for better uptime, 

product quality and customer service
convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

flexible material based on silicone foam, the 
flawless, tight edge seal also reduces the strains 
caused by pumping effects and the high wind loads 
at a height of 84 metres. Stress cracks to the seal 
are virtually out of the question. 

“The HoHo Wien is blazing a trail for energy 
efficiency and the optimisation of resources. We 
are proud to have been able to make a contribution 
towards this with our Edgetech Super Spacer”, 
says Joachim Stoss, Managing Director of 
Edgetech Europa GmbH and Vice President of 
International Sales at Quanex. 

However, flexible spacers also offer huge 
advantages for the production of insulating glass 
due to the cost savings they bring about. The 
Super Spacer® spacers are controlled by robots 
and precisely applied from the roll down to the last 
millimetre at Petschenig glastec GmbH in 
Leopoldsdorf. “Our automated insulating glass line 
guarantees that we can produce on schedule and 
economically”, states Hanspeter Petschenig. 

About Edgetech Europe GmbH
Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient warm edge 
spacers in insulating glass windows. They 
significantly reduce energy loss to the outside, 
largely prevent condensation and also contribute 
to the lifetime of a window. On average, worldwide, 
more than 300 million metres are sold annually in 
over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.



convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

FILTRAGLASS
MANUFACTURE OF WATER RECYCLING 
SYSTEMS FOR THE GLASS INDUSTRY 

possible leaks from the closed circuit or water loss 
through evaporation.

• Longer useful life for machines
After installing a water recycling system, glass 
treatment machine maintenance will be reduced 
due to the use of clean water of a comparable 
quality to the water coming from the grid and 
containing no glass dust that could damage them. 
Besides reducing maintenance requirements, this 
will also avoid wear and tear on the machines and 
their parts, thereby extending their useful life.

• Increased productivity 
Productivity is one of the most important aspects of 
any company in any sector. This can be affected by 
various factors, including production line stoppages 
for maintenance purposes.
Glass treatments plants that install water filtration 
systems reduce their maintenance load and 
therefore their production line stoppages. The time 
once spent on replacing water in the tanks and 
removing residue can now be used to continue 
production.  

With over 15 years of experience in the sector, 
Filtraglass designs and manufactures water filtration 
systems that are ideal for installation and use in the 
glass industry. 

In those more than 15 years, our company has 
become a benchmark in the market by opening up 
its borders and exporting our systems to various 
countries on several continents. 

An innovative and dynamic team, cutting-edge 
technology and personalised customer service have 
enabled Filtraglass to build solid foundations on 
which to grow and develop while making machines 
that meet the increasing needs of our clients.

What can you expect after you install a water 
recycling system?

• Water consumption savings 
The main goal of a water recycling system is to 
reduce water consumption by reusing the same 
water more than once. The system collects the 
water containing solid glass particles used in your 
manufacturing processes and filters it before 
returning it to the closed supply circuit.
In general, a recycling system can reduce water 
consumption from the grid by up to 85%. However, 
this figure may be higher or lower based on the 
specifics of your facility, the number of machines, 

• Reduced environmental pollution 
Water consumption is one of the factors on which 
particular focus has been placed in recent years for 
making a positive contribution to environmental 
c o n s e r v a t i o n .  A t  p r e s e n t ,  b e i n g 
environmentally-friendly can be a distinctive 
characteristic for a company vis-a-vis its 
competition. 
By installing a water filtration system, we can help 
avoid harming the environment in two separate 
ways: firstly, reducing water consumption by 
recycling and always using the same water; and, 
secondly, avoiding the deposit of glass dust into the 
environment because the system converts this 
glass dust into solid, dry, extractable and recyclable 
waste. 

• Reduced coolant consumption
The consumption of liquid coolant is closely tied to 
water consumption. Some companies in the glass 
treatment industry use this product to improve 
cutting tasks and avoid overheating the diamond 
tools. In an installation with no water recycling 
system, the coolant must be replaced more often 
because the useful life of the water used is shorter. 
The main difference in an installation with a filtration 

system in terms of using this product is how less 
frequently the water needs to be replaced. This 
means that coolant consumption is reduced 
because it only needs to be replaced when there is 
a leak or due to the ordinary process of evaporation. 

• Improved end product
The use of high-quality water not only affects the 
amount of machine maintenance required or the 
length of their useful life but also affects the end 
result for the treated glass. 
The use of filtered water in glass treatment 
processes helps produce a cleaner end product: a 
transparent glass free from glass dust residue.

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

possible leaks from the closed circuit or water loss 
through evaporation.

• Longer useful life for machines
After installing a water recycling system, glass 
treatment machine maintenance will be reduced 
due to the use of clean water of a comparable 
quality to the water coming from the grid and 
containing no glass dust that could damage them. 
Besides reducing maintenance requirements, this 
will also avoid wear and tear on the machines and 
their parts, thereby extending their useful life.

• Increased productivity 
Productivity is one of the most important aspects of 
any company in any sector. This can be affected by 
various factors, including production line stoppages 
for maintenance purposes.
Glass treatments plants that install water filtration 
systems reduce their maintenance load and 
therefore their production line stoppages. The time 
once spent on replacing water in the tanks and 
removing residue can now be used to continue 
production.  

With over 15 years of experience in the sector, 
Filtraglass designs and manufactures water filtration 
systems that are ideal for installation and use in the 
glass industry. 

In those more than 15 years, our company has 
become a benchmark in the market by opening up 
its borders and exporting our systems to various 
countries on several continents. 

An innovative and dynamic team, cutting-edge 
technology and personalised customer service have 
enabled Filtraglass to build solid foundations on 
which to grow and develop while making machines 
that meet the increasing needs of our clients.

What can you expect after you install a water 
recycling system?

• Water consumption savings 
The main goal of a water recycling system is to 
reduce water consumption by reusing the same 
water more than once. The system collects the 
water containing solid glass particles used in your 
manufacturing processes and filters it before 
returning it to the closed supply circuit.
In general, a recycling system can reduce water 
consumption from the grid by up to 85%. However, 
this figure may be higher or lower based on the 
specifics of your facility, the number of machines, 

• Reduced environmental pollution 
Water consumption is one of the factors on which 
particular focus has been placed in recent years for 
making a positive contribution to environmental 
c o n s e r v a t i o n .  A t  p r e s e n t ,  b e i n g 
environmentally-friendly can be a distinctive 
characteristic for a company vis-a-vis its 
competition. 
By installing a water filtration system, we can help 
avoid harming the environment in two separate 
ways: firstly, reducing water consumption by 
recycling and always using the same water; and, 
secondly, avoiding the deposit of glass dust into the 
environment because the system converts this 
glass dust into solid, dry, extractable and recyclable 
waste. 

• Reduced coolant consumption
The consumption of liquid coolant is closely tied to 
water consumption. Some companies in the glass 
treatment industry use this product to improve 
cutting tasks and avoid overheating the diamond 
tools. In an installation with no water recycling 
system, the coolant must be replaced more often 
because the useful life of the water used is shorter. 
The main difference in an installation with a filtration 

system in terms of using this product is how less 
frequently the water needs to be replaced. This 
means that coolant consumption is reduced 
because it only needs to be replaced when there is 
a leak or due to the ordinary process of evaporation. 

• Improved end product
The use of high-quality water not only affects the 
amount of machine maintenance required or the 
length of their useful life but also affects the end 
result for the treated glass. 
The use of filtered water in glass treatment 
processes helps produce a cleaner end product: a 
transparent glass free from glass dust residue.

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

Together for success: 
LiSEC and Glas Gasperlmair 

Founded in 1969 and following impressive 
development, today Glas Gasperlmair GmbH is one 
of Austria’s leading glass processors. And not 
without reason: The family-run company places 
great value on trust, quality and punctuality, and 
also on the right machines. Nowadays approx. 400 
employees work together with the founding family 
to ensure the company’s success. 

The production halls with a total area of over 60,000 
square metres only seem confined by the 
mountains in stunning Wagrain in Salzburg, and 
offer – in addition to the impressive backdrop – one 
of the most powerful and modern machine pools in 
the whole of Austria, in which over 300 tons of glass 
are processed daily by experienced specialists for 
a wide range of applications and areas, and 
delivered by the company’s 29 HGVs.

Cooperation from the first turn
The starting signal for cooperation with LiSEC 
sounded in 1975 with investment in the first LiSEC 
glass washing machine. The cornerstone for many 
years of commercial cooperation was based on the 
acquaintance at that time between the company 
founders Peter Lisec and Josef Gasperlmair. 
“Initially we primarily accepted prototypes from 
Peter Lisec. He wanted us to try out these machines 
and our employees to document every error and 
every improvement recommendation” says Josef 
Gasperlmair, describing the first mutual projects. 
This resulted in the establishment of a machine pool 

within the “hallowed” halls of Gasperlmair, filled with 
LiSEC machines: Loading systems, cutting 
systems, edging systems, processing stations, 
insulating glass systems, horizontal washing 
machines, water jets, filling systems, butyl coating 
machines and bending machines. The majority of 
these LiSEC machines are tailored to the special 
wishes of Gasperlmair and equipped with special 
functions.

The good communication and common 
understanding established back then is also 
inherent to current projects. “It is important that we 
receive feedback – only in this way can we improve 
ourselves and better understand the customer 
perspective. Glas Gasperlmair is a really good 
partner in every respect. Over the years, we have 
developed the same language and we have been 
able to complete optimised projects on the basis of 
mutual exchange” explains Richard Bruckner, the 
LiSEC Regional Sales Director WEU and Key 
Account Manager responsible.

All of Gasperlmair’s experiences with the machines 
are passed on to LiSEC directly. This feedback loop 
makes Glas Gasperlmair a well-known sparring 
partner and important provider of input to the LiSEC 
colleagues in engineering and production. “For us, 
customers and their needs must be focal. On the 
Gasperlmair site, the machines can be tested under 
conditions that are completely different to those in 
our factory, and the mutual exchange is therefore 
extremely important to us. We attempt to listen to 
the best of our abilities, and incorporate the 
improvements in programs and machines. This is 
where you see: Good cooperation is the key to 
success” says Gottfried Brunbauer, CEO of LiSEC.

“What LiSEC produces – it is my intention – we buy 
from LiSEC”. – Josef Gasperlmair
As such, Gasperlmair recently invested in a new 
VSL-A. The family-run company first became aware 
of the new LiSEC cutting table at glasstec 2018. “It 
is not only the speed of the machine that fascinated 
me, but also the fact that the station is capable of 

cutting shapes fully automatically and turning the 
sub-plates automatically” explains Josef 
Gasperlmair, who manages the company together 
with his son. 

The VSL-A is a high-performance station for the 
automatic glass cutting of laminated glass and it 
stands out due to a number of new features. For the 
first time, a fully automatic operation without manual 
intervention was implemented, chipped sheets are 
automatically turned again and positioned for the 
next cut. The operator only has to focus on 
removing the finished cut glass lites sheets. The 
new VSL-A can cut up to 30% more glass than 
comparable machines. Another important feature is 
the option of achieving reduced trim cuts or off-cuts 
with 20mm. This option is available on all four sides 
of an optimisation. This significantly reduces glass 
waste. A further highlight of the VSL-A is the foil 
heating device (patent pending). Depending on the 

cutting length, short high-power heating elements 
are selectively activated and this technology means 
there are no “cold” areas that have a negative 
influence on the cut.

The future
The trends in the glass industry are towards high 
quality products in particular. An efficient and 
ultra-modern machine pool is therefore essential for 
a successful future. A competent and reliable 
partner is indispensable for this. “In my opinion, 
LiSEC is not only unique due to the innovative 
machines. The software programs are also 
up-to-date and it is impossible to imagine the 
market without LiSEC as a complete provider”, says 
the founder of Glas Gasperlmair, which is 
celebrating its 50th jubilee this year: “If we need 
new machines – replaced or newly installed - or if 
we require expansions, we get in touch with LiSEC 
automatically!” 

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

Founded in 1969 and following impressive 
development, today Glas Gasperlmair GmbH is one 
of Austria’s leading glass processors. And not 
without reason: The family-run company places 
great value on trust, quality and punctuality, and 
also on the right machines. Nowadays approx. 400 
employees work together with the founding family 
to ensure the company’s success. 

The production halls with a total area of over 60,000 
square metres only seem confined by the 
mountains in stunning Wagrain in Salzburg, and 
offer – in addition to the impressive backdrop – one 
of the most powerful and modern machine pools in 
the whole of Austria, in which over 300 tons of glass 
are processed daily by experienced specialists for 
a wide range of applications and areas, and 
delivered by the company’s 29 HGVs.

Cooperation from the first turn
The starting signal for cooperation with LiSEC 
sounded in 1975 with investment in the first LiSEC 
glass washing machine. The cornerstone for many 
years of commercial cooperation was based on the 
acquaintance at that time between the company 
founders Peter Lisec and Josef Gasperlmair. 
“Initially we primarily accepted prototypes from 
Peter Lisec. He wanted us to try out these machines 
and our employees to document every error and 
every improvement recommendation” says Josef 
Gasperlmair, describing the first mutual projects. 
This resulted in the establishment of a machine pool 

within the “hallowed” halls of Gasperlmair, filled with 
LiSEC machines: Loading systems, cutting 
systems, edging systems, processing stations, 
insulating glass systems, horizontal washing 
machines, water jets, filling systems, butyl coating 
machines and bending machines. The majority of 
these LiSEC machines are tailored to the special 
wishes of Gasperlmair and equipped with special 
functions.

The good communication and common 
understanding established back then is also 
inherent to current projects. “It is important that we 
receive feedback – only in this way can we improve 
ourselves and better understand the customer 
perspective. Glas Gasperlmair is a really good 
partner in every respect. Over the years, we have 
developed the same language and we have been 
able to complete optimised projects on the basis of 
mutual exchange” explains Richard Bruckner, the 
LiSEC Regional Sales Director WEU and Key 
Account Manager responsible.

All of Gasperlmair’s experiences with the machines 
are passed on to LiSEC directly. This feedback loop 
makes Glas Gasperlmair a well-known sparring 
partner and important provider of input to the LiSEC 
colleagues in engineering and production. “For us, 
customers and their needs must be focal. On the 
Gasperlmair site, the machines can be tested under 
conditions that are completely different to those in 
our factory, and the mutual exchange is therefore 
extremely important to us. We attempt to listen to 
the best of our abilities, and incorporate the 
improvements in programs and machines. This is 
where you see: Good cooperation is the key to 
success” says Gottfried Brunbauer, CEO of LiSEC.

“What LiSEC produces – it is my intention – we buy 
from LiSEC”. – Josef Gasperlmair
As such, Gasperlmair recently invested in a new 
VSL-A. The family-run company first became aware 
of the new LiSEC cutting table at glasstec 2018. “It 
is not only the speed of the machine that fascinated 
me, but also the fact that the station is capable of 

cutting shapes fully automatically and turning the 
sub-plates automatically” explains Josef 
Gasperlmair, who manages the company together 
with his son. 

The VSL-A is a high-performance station for the 
automatic glass cutting of laminated glass and it 
stands out due to a number of new features. For the 
first time, a fully automatic operation without manual 
intervention was implemented, chipped sheets are 
automatically turned again and positioned for the 
next cut. The operator only has to focus on 
removing the finished cut glass lites sheets. The 
new VSL-A can cut up to 30% more glass than 
comparable machines. Another important feature is 
the option of achieving reduced trim cuts or off-cuts 
with 20mm. This option is available on all four sides 
of an optimisation. This significantly reduces glass 
waste. A further highlight of the VSL-A is the foil 
heating device (patent pending). Depending on the 

cutting length, short high-power heating elements 
are selectively activated and this technology means 
there are no “cold” areas that have a negative 
influence on the cut.

The future
The trends in the glass industry are towards high 
quality products in particular. An efficient and 
ultra-modern machine pool is therefore essential for 
a successful future. A competent and reliable 
partner is indispensable for this. “In my opinion, 
LiSEC is not only unique due to the innovative 
machines. The software programs are also 
up-to-date and it is impossible to imagine the 
market without LiSEC as a complete provider”, says 
the founder of Glas Gasperlmair, which is 
celebrating its 50th jubilee this year: “If we need 
new machines – replaced or newly installed - or if 
we require expansions, we get in touch with LiSEC 
automatically!” 

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

Glaston 150 years: from forest company to world’s 
leading glass processing technology company

From the middle of 1980s onwards, acquisitions 
were focused on glass processing technology, and 
the company began to specialize increasingly on 
flat tempering technology and its development. 
From 1990 to 2000, Kyro saw a transformation in 
which the company evolved from a forest industry 
company into a modern and international 
technology group. In 2007, Glaston Corporation, 
specializing in glass processing technologies, was 
born. In 2019, the company took the next big 
development step with its acquisition of the 
Swiss-German company Bystronic glass with the 
ambition to further strengthen its position in the 
glass processing value chain.

Cooperation and innovation
Our company's goal has always been to play the 
role of a reliable and responsible partner. Since our 
founding, we have been actively involved in the 
development of our industry. A great example of this 
is Glass Performance Days (GPD) conference, our 
industry’s leading international conference,  
organized by Glaston. The forum’s objective is to 
gather and share the latest information among the 
industry’s operators.

We are known to be the frontrunner in glass 
processing technologies. Glaston was among the 
first players in our industry to seize the opportunities 
presented by the digital age. At the forefront of our 
product development has been digital and 
IoT-based solutions and services that enable the 
optimization of machine performance and the 
transition to fully automatic glass processing. We 
have developed new sensor, processing, interface 
and cloud service technologies that make our 
products better, more efficient and more reliable. 
For our customers, this means ease of use and 
higher efficiency. Digitalization is also evident in the 
modernization and upgrade products we offer, 
which enable customers to monitor production in 
real-time and to digitalize their operations with their 
present machine stock. We want to continue to be 
in the forefront of development and innovation. Our 
company’s smarter than before machines and 
services give us new opportunities and help our 
customers keep one step ahead. 

Glaston’s roots extend back to 1870, when the 
company Hammarén & Comp was established 
at the Kyröskoski rapids. Throughout our 
history, our company has evolved from a 
traditional forest industry company into the 
world’s leading glass processing technology 
company. For 150 years, quality, development of 
new technologies and internationalization have 
been strongly present in our operations.

Glaston’s roots go back to the company Hammarén 
& Comp, founded in 1870. Operations focused on 
forestry and paper, and the successful Kyröskoski 
Works was established. Ever since the days of our 
founders, the company has continuously developed 
its operations and, in order to respond to changing 
circumstances in both domestic and foreign 
markets, has boldly seized business opportunities 
beyond the country’s borders. In addition, utilization 
of new technologies to secure efficient, high-quality 
operations has been an enduring characteristic of 
the company. The company has exported products 
since 1907. In 1909, Hammarén & Comp became a 
limited company, and in 1941 the company’s name 
was changed to O/y Kyro A/b.

A major change in Kyro’s business took place in the 
1980s, when the company’s management decided 
in 1981 to diversify its operations. With the 
acquisition of Tamglass Oy, operations expanded 
beyond traditional forest industry into glass 
processing. The company became a conglomerate. 
Tamglass, which specialized in the manufacture of 
laminated and tempered safety glass and 
particularly the sale of tempering machines and 
technologies, rapidly developed into a leading 
manufacturer of tempering machines.

Industry visionary
For 150 years, we have been a frontrunner and 
visionary in our industry. We have boldly seized new 
opportunities in both technology and business, first 
in the forest industry and, since the 1980s, 
increasingly more focused on the glass processing 
industry. Today, glass processed on our glass 
processing machines is delivered to the 
architectural, automotive, solar energy and 
appliance industries. By volume, most of the glass 
manufactured with Glaston’s technology is supplied 
to the construction industry. We operate in eleven 
countries around the world in production, services 
and sales. Glaston has around 800 employees.

For further information, please contact:
Joséphine Mickwitz, VP IR, Communications & 
Marketing, tel +358 500 5070

Glaston Corporation
Glaston is the glass processing industry’s innovative 
technology leader supplying equipment, services 
and solutions to the architectural, automotive, solar 
and appliance industries. The company also 
supports the development of emerging technologies 
integrating intelligence to glass.

As of April 2019, Bystronic glass is part of Glaston 
Group. Together we are committed to providing our 
clients with both the best know-how and the latest 
technologies in glass processing, with the purpose 
of building a better tomorrow through safer, smarter, 
and more energy efficient glass solutions. We 
operate globally with manufacturing, services and 
sales offices in 12 countries. Glaston’s shares 
(GLA1V) are listed on NASDAQ Helsinki Ltd.

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

From the middle of 1980s onwards, acquisitions 
were focused on glass processing technology, and 
the company began to specialize increasingly on 
flat tempering technology and its development. 
From 1990 to 2000, Kyro saw a transformation in 
which the company evolved from a forest industry 
company into a modern and international 
technology group. In 2007, Glaston Corporation, 
specializing in glass processing technologies, was 
born. In 2019, the company took the next big 
development step with its acquisition of the 
Swiss-German company Bystronic glass with the 
ambition to further strengthen its position in the 
glass processing value chain.

Cooperation and innovation
Our company's goal has always been to play the 
role of a reliable and responsible partner. Since our 
founding, we have been actively involved in the 
development of our industry. A great example of this 
is Glass Performance Days (GPD) conference, our 
industry’s leading international conference,  
organized by Glaston. The forum’s objective is to 
gather and share the latest information among the 
industry’s operators.

We are known to be the frontrunner in glass 
processing technologies. Glaston was among the 
first players in our industry to seize the opportunities 
presented by the digital age. At the forefront of our 
product development has been digital and 
IoT-based solutions and services that enable the 
optimization of machine performance and the 
transition to fully automatic glass processing. We 
have developed new sensor, processing, interface 
and cloud service technologies that make our 
products better, more efficient and more reliable. 
For our customers, this means ease of use and 
higher efficiency. Digitalization is also evident in the 
modernization and upgrade products we offer, 
which enable customers to monitor production in 
real-time and to digitalize their operations with their 
present machine stock. We want to continue to be 
in the forefront of development and innovation. Our 
company’s smarter than before machines and 
services give us new opportunities and help our 
customers keep one step ahead. 

Glaston’s roots extend back to 1870, when the 
company Hammarén & Comp was established 
at the Kyröskoski rapids. Throughout our 
history, our company has evolved from a 
traditional forest industry company into the 
world’s leading glass processing technology 
company. For 150 years, quality, development of 
new technologies and internationalization have 
been strongly present in our operations.

Glaston’s roots go back to the company Hammarén 
& Comp, founded in 1870. Operations focused on 
forestry and paper, and the successful Kyröskoski 
Works was established. Ever since the days of our 
founders, the company has continuously developed 
its operations and, in order to respond to changing 
circumstances in both domestic and foreign 
markets, has boldly seized business opportunities 
beyond the country’s borders. In addition, utilization 
of new technologies to secure efficient, high-quality 
operations has been an enduring characteristic of 
the company. The company has exported products 
since 1907. In 1909, Hammarén & Comp became a 
limited company, and in 1941 the company’s name 
was changed to O/y Kyro A/b.

A major change in Kyro’s business took place in the 
1980s, when the company’s management decided 
in 1981 to diversify its operations. With the 
acquisition of Tamglass Oy, operations expanded 
beyond traditional forest industry into glass 
processing. The company became a conglomerate. 
Tamglass, which specialized in the manufacture of 
laminated and tempered safety glass and 
particularly the sale of tempering machines and 
technologies, rapidly developed into a leading 
manufacturer of tempering machines.

Industry visionary
For 150 years, we have been a frontrunner and 
visionary in our industry. We have boldly seized new 
opportunities in both technology and business, first 
in the forest industry and, since the 1980s, 
increasingly more focused on the glass processing 
industry. Today, glass processed on our glass 
processing machines is delivered to the 
architectural, automotive, solar energy and 
appliance industries. By volume, most of the glass 
manufactured with Glaston’s technology is supplied 
to the construction industry. We operate in eleven 
countries around the world in production, services 
and sales. Glaston has around 800 employees.

For further information, please contact:
Joséphine Mickwitz, VP IR, Communications & 
Marketing, tel +358 500 5070

Glaston Corporation
Glaston is the glass processing industry’s innovative 
technology leader supplying equipment, services 
and solutions to the architectural, automotive, solar 
and appliance industries. The company also 
supports the development of emerging technologies 
integrating intelligence to glass.

As of April 2019, Bystronic glass is part of Glaston 
Group. Together we are committed to providing our 
clients with both the best know-how and the latest 
technologies in glass processing, with the purpose 
of building a better tomorrow through safer, smarter, 
and more energy efficient glass solutions. We 
operate globally with manufacturing, services and 
sales offices in 12 countries. Glaston’s shares 
(GLA1V) are listed on NASDAQ Helsinki Ltd.

Partnership between HEGLA and Bystronic 
glass terminated in mutual agreement 

support and consistently deliver the perfect total 
solution to suit the customer’s needs. Our 
customers include most major flat glass 
manufacturers, coating fabricators, processors of 
architectural and automotive glass, the fenestration 
industry, glass wholesalers and glaziers. More than 
just a manufacturer, we see our main role as that of 
a service provider. With our subsidiaries HEGLA 
boraident, HEGLA-HANIC and HEGLA-Taifin, we 
offer additional solutions for digitisation and glass 
processing. 

For further information, please contact: 

HEGLA GmbH & Co. KG
37688 Beverungen
Tel.: +49 / 52 73 / 905-0

Bernhard Hötger, COO, 
Phone: +49 52 73 901-100, 
E-mail: bernhard.hoetger@hegla.de

Carsten Koch, Marketing & Communication, 
Phone.: +49 52 73 905-121, 
E-mail: carsten.koch@hegla.de

HEGLA and Glaston Corporation have decided to 
terminate their cooperation agreement due to 
changes in the companies’ competitive positions. 
The agreement, which was entered into in 2012 by 
Bystronic Lenhardt GmbH, Conzzeta AG, HEGLA 
GmbH & Co. KG, and LEWAG Holding AG, will be 
terminated by year-end 2019. 

The purpose of the co-operation agreement has 
been to be preferred partners, meaning cooperation 
in cross selling by products for architectural market 
and making use of each other’s sales and service 
network. The cooperation has had limited 
commercial value. 

The termination of the agreement has been made 
in mutual understanding. 

HEGLA GmbH & Co. KG

HEGLA in brief

With over 42 years of experience, the HEGLA Group 
provides forward-looking system solutions for cutting 
and processing flat, automotive and functional glass. 
We provide comprehensive, expert and personal 

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.



China Glass 2020 Promotes High-Quality 
Development of the Glass Industry

The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

convection system utilizes glass-size-sensitive 
convection profiling that actually follows the glass 
in the furnace, enabling higher loading efficiency 
with top quality.

Glaston ProL flat glass lamination line provides 
unprecedented flexibility for mixed production. The 
ProL convection heating chamber makes switching 
between glass types and different sandwiches 
easier than ever. The whole line, from glass 
handling to the latest PVB cutting technology, has 
been designed for flexible operation. Glaston ProL 
can also now be connected to the Glaston Insight 
ecosystem for monitoring furnace production data 
online and taking advantage of the ecosystem 
benefits.

This year, Glaston is celebrating 150 years of 
business, thanks to our ongoing track record of 
being an innovator, frontrunner and visionary 
thinker. Today, we’re moving beyond machinery 
manufacturing to automated processes. As one of 
the first to seize the opportunities of the digital age, 
Glaston focuses on artificial intelligence and 
cloud-based services to bring you smarter machines 
and higher performance to keep your business one 
step ahead.

At Eurasia Glass 2020, Glaston and Bystronic glass 
will show you more about the possibilities of these 
latest technologies. What easy steps can you take 
to tap into data from your equipment? Why does this 
translate into more uptime? How is it possible to 
produce better quality products? This data also 
enables you to stay on top of excellent customer 
service.

Putting digitalization into practice
The latest versions of Glaston flat glass tempering 
furnaces Glaston FC Series, RC Series and Jumbo 
Series incorporate high levels of automation and 
intelligent process control. Insight Assistant Pro 
gives the intelligent online process assistance, while 
Insight Reporting Pro allows to track all trends online 
and improve overall performance for long-term 
strategic planning. 

Another new feature is active edge control 
technology, enabled by intelligent cooling profiling 
that automatically adapts to your glass size, 
eliminating issues with edge lift. Vortex Pro 

Satisfying the toughest warm edge demands
The advanced architectural glass TPS® (Thermo 
Plastic Spacer) technology of Bystronic glass 
provides processors with end products to satisfy the 
toughest warm edge demands. Insulating glass 
units made with TPS® improve energy efficiency in 
buildings, increase durability and reduce energy 
costs.

A major advantage of TPS® is its production 
flexibility: the direct application of the Thermo 
Plastic Spacer onto the glass lite significantly 
simplifies the processes for I.G. manufacturers. The 
entire production mix can be manufactured on one 
line on the various Bystronic glass TPS® I.G. 
production lines - from individually configurable 
solutions via fast system solutions with shortest 
cycle times up to maxi size solutions for glass sizes 
up to 9 m in length.
 
Maximum yield and flexibility for automotive 
and display glass processing
B’CHAMP automotive glass pre-processing 
solutions enable you to enhance efficiency in your 
daily production of windshields, sidelites, backlites 
or quarterlites. This means a yield greater than 
98%, shorter cycle times, reaction-fast software to 
minimize downtime and an excellent cost-per-unit 
ratio.

B’BRIGHT display glass solutions are 
individualized production systems for automatic 
cutting, breaking, grinding and drilling of thin glass 
down to 0.4 mm in thickness. These thin glasses 
are used for monitors, TV-screens, mobile devices 
as well as for automotive glass displays. The 
machine configuration offers not only a 
process-optimized line layout, but also various 
expansion options using upgrade kits.

Glaston Matrix, the automatic windshield bending 
furnace for fast, efficient and high-performance 
windshield production, features a new windshield 
press for bending deep sags and wraps around 
corners to match the tightest tolerances. The new 
active convection heating enhances the production 
of windshields with conductive or heat-reflective 
coatings.

Glaston HTBS bending and tempering system 
covers a wide range of application areas in the 
automotive, appliance and furniture glass industries. 
With its flexibility and high end-product quality, the 
HTBS furnace allows you to meet evolving market 
requirements and process multiple glass sheets in 
one production load.

Meet Glaston & Bystronic glass in Hall 12, 
Booth 1201B

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.





The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.

Schott contracts Zippe for Indian batch 
plant upgrade

Schott Glass India, Tubing 
Division, Bharuch, India
 
SCHOTT is an internationally 
operating technology group in 
the field of special glass and 
g lass ceramics wi th 
approximately 15,000 employees 
worldwide.

 SCHOTT has once again 
con t rac ted Z IPPE 
Industrieanlagen GmbH for their 
project in Baruch, India. A batch 
house which was installed by 
ZIPPE in the year 2000, will now 
be enlarged by two additional 
sand silos, including new silo 
feeding, measuring and 
weighing, as well as transport. 

ZIPPE will execute the basic 
design of the silos, deliver the 
equipment and wi l l be 
responsible for the building, as 
well as the control extension. The 
steel construction will be handled 
by SCHOTT. 
 
Commissioning is planned for the 
middle of 2020.



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.

North America Flat Glass Market share is set to 
reach USD 12.5 bn by 2024

Rapid industrialization & urbanization along with 
government regulations regarding energy efficient and 
smart glass technology as advance construction 
practice may have positive influence on product 
demand

According to the Graphical Research new growth 
forecast report titled “North America Flat Glass Market 
analysis based on Product, Application, Industry 
Analysis Report, Regional Outlook, Application 
Potential, Price Trends, Competitive Market Share & 
Forecast, 2018 – 2024”, estimated to exceed USD 12.5 
billion by 2024.

Rising environmental concerns regarding waste 
management along with recyclability of glass promoting 
its use in construction and automotive industries will 
promote North America flat glass market growth. The 
product is manufactured in flat form without any 
methodology used in the production process. Growing 
green building concept along with increased product 
usage in cabinet closure, furniture, solar cells and table 
tops will enhance product demand.

Flourishing construction industry owing to increasing 
investments and rising construction & renovation 
expenditure is likely to drive North America flat glass 
market. Increased product usage in automotive 
windshields, side and rear windows for aesthetic look 
and appearance along with effective insulation for 
pleasurable driving may drive regional industry growth.

North America tempered glass market size may account 
for 5.5% by the end of forecast period. Increasing 
investments in commercial and residential construction 
projects along growing safety concerns is likely to drive 

“La Pace International 
Trade Co., Ltd” with mining activity 
since1995 .
Our Location is in Cairo – Egypt , and we are  
specialized company in producing  & Exporting the 
following materials :-  
High quality of SILICA SAND Grade 1, 2 forGLASS 
INDUSTRY .
Considering the nature of your business we are 
able to supply you any needed quantities  and also 
we can adjust the size specs as per client’s 
request, as we have our own quarries and own 
screening plant 

We invi te you to v is i t our websi te 
www.lapaceminerals.com to have detailed idea 
about our activity.   
Our primary competitive advantage is Standard 
Product quality, Competitive Price and Delivery on 
time.
We apply all quality control types for the all 
production steps (producing, transporting, storing, 
screening, loading operation).

We are waiting to hear from you 
At your complete entire disposal 
Thanks & Best Regards

product demand. The product has exceptional hardness 
characteristics due to which it is used in building 
structures & home applications including shelves, table 
tops, partitions and shower enclosures, which in turn 
will stimulate flat glass market demand.

Canada flat glass market size from automotive 
application may surpass USD 320 million by 2024. 
Rapid urbanization along with rise in automobile 
consumption and production along with vehicle safety 
and lightweight properties will stimulate product 
penetration over the forecast timeframe Rise in 
consumer spending for lightweight automobile to reduce 
carbon emissions growth along with increased product 
usage in manufacturing windows and backlights will 
stimulate product demand.

North America flat glass market share is highly 
fragmented with key companies inclusive of Guardian 
Group, Xinyi Auto Glass, Dillmeier Glass Company and 
Oldcastle Building Envelope. Companies are now 
focusing on innovative strategies to obtain competitive 
edge.

Segments we Cover:
North America Flat Glass Market Size, By Product
• Tempered Glass
• Laminated Glass
• Basic Float Glass
• Insulating Glass
• Others
North America Flat Glass Industry Demand, By 
Application
• Construction
• Automotive
• Others



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.

companies. In addition, our partnership with the 
international glass associations – 22 of them from 
17 countries – was bolstered thanks, again, to the 
synergies with ITA, and contributed greatly to the 
internationality and the quality of the visitors, 
primarily from Russia, who made up 7.08% of the 
total number of visitors registered”.

Similarly, Vitrum also firmly established the high 
quality of its exhibitors: in fact, more than 77% of 
exhibitors were manufacturers, with 206 
participants, for a 10.2% increase over 2017. A 
unique feature of this show that is especially 
appreciated by industry professionals.

The innovative 12 Vitrum Specialized pathways 
were extremely popular with visitors who 
understood how to use them to efficiently organize 
their visit to the show, quickly and effortlessly 
planning their itineraries to focus on the stands of 
interest. The Specialized logos also brought greater 
visibility to certain less well-known activities.

Hosted in the new Meeting Area, the seminars were 
well-attended and focused throughout the show on 
specific technical topics of interest to glass 
processing professionals. Turnout at the Agents and 
Dealers Area also exceeded expectations. An 
innovation at the 2019 edition, the Area made it 

possible for manufacturers interested in expanding 
their businesses to establish fruitful relationships 
with potential new international agents or 
representatives.

In addition, a Press Corner was set up at the 2019 
edition as an essential support point for the 
journalists, photographers and video camera 
operators in attendance. And, for the first time, an 
information desk was made available at the Partner 
Businesses Area for GIMAV members.

Lastly, Vitrum strengthened its own role as the 
“home of the associations”, offering a space where 
all the domestic and international associations that 
represent the multi-faceted world of glass, and trade 
journalists from around the world, could share and 
compare ideas to strengthen the common 
objectives undertaken at the meetings of the 
Convention of International Glass Associations held 
in Murano and Venice.

The next appointment – Vitrum 2021 – will take 
place October 5-8. An event that, in this 
interdependent economic scenario, has firmly 
established itself as a pivotal moment to conduct 
business and talk shop, at the service of the global 
glass industry

Vitrum 2019: success by numbers

The 21st edition exceeds expectations, validating 
the superior caliber of exhibitors and visitors and its 
strong international appeal.

Vitrum 2019 makes headway in its strategy of 
international recognition as an exceptional 
exhibition platform dedicated to the world of glass 
processing. The numbers speak for themselves: 
267 Exhibitors from 25 different countries, up 9% 
compared to Vitrum 2017. Net occupied surface 
area of 16,134m2 for a significant (10.81%) 
increase over the 14,569m2 at the previous edition.

Its international appeal was also evident in terms of 
visitors, who made up a significant percentage of 
overseas participants. The turnstile count indicated 
11,816 visitors, with 53.15% from 85 different 
countries. A majority, therefore, of foreign visitors, 
primarily from Russia, followed by Germany, Spain, 
Poland and France.

“In contrast to previous editions, Vitrum 2019 
yielded positive results. In fact, if 2017 represented 
year zero of the new strategy, this year the numbers 

are back in the plus column, with almost 11% more 
exhibit space occupied and more than 15.5 million 
euro-worth of machinery on display,” emphasized 
Vitrum President, Dino Zandonella Necca. “Add to 
this the radical transformation in the caliber of 
visitors, in terms of their professionalism and 
technical specialization, greatly appreciated by most 
of the exhibiting companies. With approx. 7,000 
registered visitors and nearly 12,000 entries, Vitrum 
is unmistakably positioned among the leading 
global glass machinery trade shows”.

In fact, this edition recorded a substantial share of 
trade professionals, relative to total visitor numbers. 
Proof that runs parallel to the positive performance 
of industry exports in the first half of 2019 and 
indicates things are looking good for Italy’s glass 
processing machinery industry.

The trade show specialized in machinery, 
equipment and special products for glass 
processing upholds its reputation as a key 
marketplace where businesses can meet with their 
loyal customers and build relationships with industry 
professionals and buyers from around the world.

In this regard, the participation of international Top 
Buyers is, without a shadow of a doubt, a key 
ingredient, thanks to the valuable support provided 
to the hosted buyers by the Ministry of Economic 
Development and ITA (Italian Trade Agency).

“The international hosted buyer activities played a 
key role in achieving these numbers,” continued the 
President, “organized in partnership with ITA and 
GIMAV, making it possible for 75 Top Buyers from 
18 countries to visit the show and take part in a total 
of 327 appointments at the stands of Italian 



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.

companies. In addition, our partnership with the 
international glass associations – 22 of them from 
17 countries – was bolstered thanks, again, to the 
synergies with ITA, and contributed greatly to the 
internationality and the quality of the visitors, 
primarily from Russia, who made up 7.08% of the 
total number of visitors registered”.

Similarly, Vitrum also firmly established the high 
quality of its exhibitors: in fact, more than 77% of 
exhibitors were manufacturers, with 206 
participants, for a 10.2% increase over 2017. A 
unique feature of this show that is especially 
appreciated by industry professionals.

The innovative 12 Vitrum Specialized pathways 
were extremely popular with visitors who 
understood how to use them to efficiently organize 
their visit to the show, quickly and effortlessly 
planning their itineraries to focus on the stands of 
interest. The Specialized logos also brought greater 
visibility to certain less well-known activities.

Hosted in the new Meeting Area, the seminars were 
well-attended and focused throughout the show on 
specific technical topics of interest to glass 
processing professionals. Turnout at the Agents and 
Dealers Area also exceeded expectations. An 
innovation at the 2019 edition, the Area made it 

possible for manufacturers interested in expanding 
their businesses to establish fruitful relationships 
with potential new international agents or 
representatives.

In addition, a Press Corner was set up at the 2019 
edition as an essential support point for the 
journalists, photographers and video camera 
operators in attendance. And, for the first time, an 
information desk was made available at the Partner 
Businesses Area for GIMAV members.

Lastly, Vitrum strengthened its own role as the 
“home of the associations”, offering a space where 
all the domestic and international associations that 
represent the multi-faceted world of glass, and trade 
journalists from around the world, could share and 
compare ideas to strengthen the common 
objectives undertaken at the meetings of the 
Convention of International Glass Associations held 
in Murano and Venice.

The next appointment – Vitrum 2021 – will take 
place October 5-8. An event that, in this 
interdependent economic scenario, has firmly 
established itself as a pivotal moment to conduct 
business and talk shop, at the service of the global 
glass industry

The 21st edition exceeds expectations, validating 
the superior caliber of exhibitors and visitors and its 
strong international appeal.

Vitrum 2019 makes headway in its strategy of 
international recognition as an exceptional 
exhibition platform dedicated to the world of glass 
processing. The numbers speak for themselves: 
267 Exhibitors from 25 different countries, up 9% 
compared to Vitrum 2017. Net occupied surface 
area of 16,134m2 for a significant (10.81%) 
increase over the 14,569m2 at the previous edition.

Its international appeal was also evident in terms of 
visitors, who made up a significant percentage of 
overseas participants. The turnstile count indicated 
11,816 visitors, with 53.15% from 85 different 
countries. A majority, therefore, of foreign visitors, 
primarily from Russia, followed by Germany, Spain, 
Poland and France.

“In contrast to previous editions, Vitrum 2019 
yielded positive results. In fact, if 2017 represented 
year zero of the new strategy, this year the numbers 

are back in the plus column, with almost 11% more 
exhibit space occupied and more than 15.5 million 
euro-worth of machinery on display,” emphasized 
Vitrum President, Dino Zandonella Necca. “Add to 
this the radical transformation in the caliber of 
visitors, in terms of their professionalism and 
technical specialization, greatly appreciated by most 
of the exhibiting companies. With approx. 7,000 
registered visitors and nearly 12,000 entries, Vitrum 
is unmistakably positioned among the leading 
global glass machinery trade shows”.

In fact, this edition recorded a substantial share of 
trade professionals, relative to total visitor numbers. 
Proof that runs parallel to the positive performance 
of industry exports in the first half of 2019 and 
indicates things are looking good for Italy’s glass 
processing machinery industry.

The trade show specialized in machinery, 
equipment and special products for glass 
processing upholds its reputation as a key 
marketplace where businesses can meet with their 
loyal customers and build relationships with industry 
professionals and buyers from around the world.

In this regard, the participation of international Top 
Buyers is, without a shadow of a doubt, a key 
ingredient, thanks to the valuable support provided 
to the hosted buyers by the Ministry of Economic 
Development and ITA (Italian Trade Agency).

“The international hosted buyer activities played a 
key role in achieving these numbers,” continued the 
President, “organized in partnership with ITA and 
GIMAV, making it possible for 75 Top Buyers from 
18 countries to visit the show and take part in a total 
of 327 appointments at the stands of Italian 



The 31st China International Glass Industrial 
Technical Exhibition (China Glass 2020) organized 
by the Chinese Ceramic Society and contracted by 
Beijing Zhonggui Exhibition Co., Ltd., will make a 
strong return at Shanghai New International Expo 
Centre from April 14 to 17, 2020. China Glass 2020 
will cover the entire value chain of the glass industry, 
including flat glass manufacturing, glass production 
and application, technical glass, processing 
technology and equipment, raw and auxiliary 
materials, and refractory materials. China Glass 
2020 is committed to providing an excellent market 
expansion and technology exchange platform for 
global glass manufacturers and providers of 
processing equipment.

Promoting High-Quality Development of 
the Glass Industry

The National total output of flat glass from January 
to November 2019 was 848.43 million weight cases, 
up 6.9 percent year-on-year. There was a slight 
increase in the output of processed glass sector, 
including tempered glass, insulating glass and 
laminated glass. The overall production and 
operation of China’s glass industry was stable in 
2019. The growth in output was accompanied by a 
fall in average ex-factory price, showing greater 
downward pressure on the economic benefit of the 
industry. As the most notable event in the global 
glass industry in 2020, China Glass will focus on the 
industry restructuring and promotion of high-quality 
development. It will provide more innovative 
perspectives for the entire value chain from the 
areas of intelligent manufacturing, low-carbon and 
low energy consumption, and high efficient 
production. This event will set up 5 theme exhibition 
areas, including Hall E1 for international brands, Hall 
E2 for glass production and application, Hall E3 for 
tempering furnace & refractory materials, Hall E4 - 
E7 for deep processing equipment & domestic 
glass, hall E8 - E9 for refractory, raw and auxiliary 
materials, glass windows & doors, as well as art 
glass. As a professional exhibition, China Glass 
2020 will provide more products and solutions for 
the construction, automotive, consumer electronics, 
household, photovoltaic and other industries.

Mainstream Brands Gathering at China 
Glass 2020

In  te rms o f  s ize ,  p ro fess iona l ism and 
internationalization, China Glass 2020 is a leading 
exhibition and wind vane of the glass industry. It 
attracted many mainstream brands from home and 

abroad. By the end of 2019, 920 manufacturers 
(including 204 overseas companies) from 28 
countries and regions confirmed their participation 
in this event, including China, Germany, Italy, the 
United States, the United Kingdom, South Korea, 
Japan, etc. The total exhibition area exceeds 
90,000 m2. Domestic exhibitors include: China 
Building Materials Academy, Triumph Group, Anhui 
Huaguang, Xinfuxing Glass, Ruitai Materials 
Technology, Qinhuangdao Glass Industry Research 
& Design Institute, China New Building Materials 
Design & Research Institute, Sinoma Advanced 
Materials, China Yaohua Glass, Luoyang Float 
Glass, China Glass Holdings, Taiwan Glass, JING 
YOW Enterprise, Xinyi Glass, CSG Holding, Jinjing, 
Shanghai SYP, Kibing, Flat Glass, Shanxi Lihu, 
Hubei Yijun, Shandong Guangyao, Hebei Yingxin, 
Shahe Glass, North Glass, Mountain Glass, Land 
Glass, South Glass Technology, Tenon, Yinrui, 
Fangding, MGM Glass, EI, GOLIVE, Fushan Glass, 
BOZA, Weili, Liaoning North Glass, Lewei, 
Dinganda Glass, Guilin Champion Union, Dardi 
Water Cutter, Sanjin Glass, Mr. Glass, HIHO Glass, 
Sanjiang, Zibo GT Industrial Ceramics, ZIBO 
ASAHI, etc.

Foreign exhibitors include: Lisec, Glaston, 
Vonardenne, Vesuvius, Sefpro, Dip-tech, Benteler, 
Henry F. Teichmann, Buhler Leybold, Grenzebach, 
Five Stein, Precision, Hegla, Zippe, Bottero, Fenzi, 
Intermac, Ocmi, Horn, Koemmerling, Technoform, 
Teka, Viprotron, Glasstech, Teco, Honeywell, etc. 
Some of them are Global 500 companies, such as 
Schneider, Tüv, Honeywell, AGC, Carl Zeiss, Air 
Liquide, Sandvik, Heraeus, Air Products, etc.

China Glass 2020 Highlights

Energy-Efficient and Safe Glass Products in the 
Field of Building Energy Conservation
The strong development of urbanization in China 
has pushed up people’s demand for energy saving 
and living comfort, and put forward higher technical 
requirements for new glass products.
With the development of green building, 
energy-efficient insulating glass, coated glass, 
electrochromic glass and tempered vacuum glass 
are penetrating into tier 2 and tier 3 cities, which will 
greatly expand the deep processing glass market. 
More domestic and foreign manufacturers at China 
Glass 2020 wil l  focus on environmental 
performance, design novelty, processing precision 
and high quality of glass products, as well as 
introduce more new products.

Ultra-Thin and Ultra-White Glass Products in the 
Field of Photovoltaic and Consumer Electronics
As one of the raw materials for panels used in 
photovoltaic power generation and electronic 
products such as smart phones, televisions and 
computers, ultra-white and ultra-thin glass have a 
huge demand in China, and show an increasing 
trend year by year. Domestic enterprises 
represented by China Building Materials Academy 
and Triumph Group will launch innovative products 
in this field.

Innovative Products and Equipment in the Field 
of Glass Deep Processing 
Innovation and development of glass industry have 
been focusing on the direction of thinness, high 
transparency, large size and multi-function. Some 
leading glass companies including CSG Holding, 
Shanghai SYP, Kibing, Mountain Glass, Land 
Glass, Jinjing, Glaston, and Dip-tech will bring more 
innovative products and equipment, such as: float 
glass manufacturing technology, pretreatment and 
large-scale processing equipment, tempering 
equipment, insulating glass production line, glass 
digital printing equipment, etc.

Special Exhibition Area for Art Glass
The art glass display area at China Glass 2019 
attracted a large number of visitors. Exquisite glass 
crafts added vivid humanistic and artistic ambience 
to this technical exhibition. China Glass 2020 will 

continue to set up an exclusive area for art glass, 
gathering works of famous domestic glass artists. 
Chic and unique design of glass crafts will reveal 
the special charm of glass in the changes of light 
and shadow.
 
Upgrading Service and Gathering More Buyers
In the context of uncertain global economic growth, 
reduction of excessive capacity, and shift in driving 
forces for development, the glass industry will 
benefit from industrial restructuring and policy of 
stimulating domestic demand. Driven by the 
requirements of environmental protection and 
high-quality development, the glass industry shows 
great demand in the areas of improving processing 
equipment, investing in environmental facilities, and 
upgrading in the field of deep processing. China 
Glass is still the preferred development platform for 
both domestic and foreign glass enterprises. China 
Glass 2020 will, as always, maintain close 
cooperation with domestic and foreign industry 
institutes and professional media, integrate superior 
service resources, actively use the Internet and 
social network to carry out in-depth online and 
offline promotion, and invite more high-quality 
professional buyers for exhibitors.

Please visit China Glass official website 
www.chinaglass-expo.com for more exhibition 
details.

PaneraTech establishes EU field operations 
team with the addition of Stefano Valenti

PaneraTech announces a new addition to its global 
SmartMelter® team, Stefano Valenti. Stefano will 
lead field operations in the EU, training customers 
and helping them make better informed decisions 
regarding maintenance and repair of their furnaces 
by performing SmartMelter® radar inspections.

Mr. Valenti has experience in site management for 
companies such as TM Services, Vetrobalsamo 

and BDF Industries. His furnace repair and rebuild 
experience includes all hot works during furnace 
production such as over-coating, replacement of 
electrodes holders or bubblers, repairs of 
refractories, endoscopies, thermographs, and 
furnace inspections. Stefano has also worked on 
production start-up including setting furnace 
operations as well as WE and FH combustion 
systems.

“We have been focused on building our regional 
field teams to strengthen customer support,” 
explains Jon Wechsel, SmartMelter® Service 
Manager. He added, “Stefano increases our 
presence in the EU and will be a great asset to our 
customers.”

“I am excited to be part of this innovative team,” 
said Stefano. He continued, “SmartMelter® sets a 
new standard in the glass industry, and I get to help 
customers use this technology to improve decision 
making while lowering the risk of those decisions.”

SmartMelter® technology successfully 
supports furnace repair timing at Kioo Glass

team.

The furnace was shut down on the 30th Sep 2019 
following some delays. However, the Smart Melter 
technology provided  comfort in deciding to extend 
the lifetime of the furnace. When the furnace was 
dismantled, the furnace condition was found to be 
consistent with the SmartMelter® radar scan. 

“We are pleased to find that SmartMelter® is 
allowing glass manufacturers to make maintenance 
decisions with greater confidence,” said Yakup 
Bayram, CEO of PaneraTech. 

Kioo Glass, the leading container glass 
manufacturer in East and Central Africa , recently 
completed a planned major rebuild on one of its 
furnaces. Kioo was able to confidently plan their 
scheduled rebuild timing more accurately because 
of SmartMelter® monitoring. When the furnace was 
drained, the conclusions in the SmartMelter® report 
were confirmed.

A SmartMelter® audit was performed on the furnace 
in March 2019, with support provided from the 
SmartMelter® team both remotely and on site. The 
audit was followed by a detailed report and 
presentation of the findings by the SmartMelter 



Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

UCIMU: IN 2019 THE ITALIAN MACHINE TOOL, 
ROBOT AND AUTOMATION INDUSTRY STOPS GROWING.

DOWNTURN EXPECTED AGAIN IN 2020
Cinisello Balsamo 17 December 2019. The year 
2019 marked the end of the positive trend, 
started in 2014 by the Italian machine tool, 
robot and automation industry. Nevertheless, 
the registered decrease is very moderate and 
shows how the values of the main economic 
indicators are returning to normal levels, after 
the exploit supported by the measures of 
Industry/Enterprise 4.0. The slowdown will 
continue in 2020.

This is in brief what was illustrated by Massimo 
Carboniero, President of UCIMU-SISTEMI PER 
PRODURRE, the Italian machine tools, robots and 
automation systems manufacturers' association, 
during the usual end-year press conference.

As evidenced by the preliminary year’s data 
processed by the Studies Dept. & Business Culture 
of UCIMU-SISTEMI PER PRODURRE, in 2019 
production went down to 6,440 million euro, 
recording a 4.9% decrease compared with the 
previous year.

The outcome was due to the reduction in the 
deliveries by Italian manufacturers in the domestic 
market, down by 8.1% to 2,860 million euro, as well 
as to the negative trend of exports, decreased by 
2.3% to 3,580 million euro. 

Based on ISTAT data processing by UCIMU, in the 
first eight months of the year (latest available 
survey), the main destination countries for the 
Made in Italy products of the sector were the 
following: United States, 257 million euro (+15.1%); 
Germany, 236 million euro (-4%); China, 205 
million euro (-13.4%); France, 158 million euro 
(+17.6%); Poland, 120 million euro (-16.2%). 

On the domestic front, in 2019, the Italian 
consumption of machine tools, robots and 
automation dropped by 7.2% to 4,790 million euro. 

The export/production ratio registered a slight 
increase, changing from 54.1% in 2018 to 55.6% in 

2019.

In 2020, the Italian industry of the sector should 
report a further slowdown, however remaining on 
very high levels, equal to those of 2017. Production 
will go down to 5,900 million euro (-8.4%), 
negatively affected by exports, expected to 
decrease by 5.3% and to reach 3,390 million euro. 
Consumption, i.e. the demand of Italian users, will 
stop at 4,305 million euro (-10.1%). The partial 
downsizing of the domestic market will have 
repercussions both on the deliveries of Italian 
manufacturers, which will drop to 2,510 million euro 
(-12.2%), and on imports that will attain 1,795 
million euro (-7%). The export/production ratio will 
gain about two percentage points, accounting for 
57.5%.

Massimo Carboniero, President of 
UCIMU-SISTEMI PER PRODURRE, commented: 
“The analysis of data processed by the Studies 
Dept. & Business Culture of UCIMU-SISTEMI PER 
PRODURRE shows that the international situation 
is clearly influencing the Italian machine tool, robot 
and automation industry, which registered the first 
stop after five years of continuous growth”.

“After al l – went on the President of 
UCIMU-SISTEMI PER PRODURRE – the fall 
reported in 2019 and that expected for 2020 are 
likely to be moderate. However, these results, 
which are very close to those recorded in 2017, a 
decidedly positive year, are highlighting a slow 
repositioning of the Italian industry on normal 
levels. We can trace back normal levels to 2016, 
before the explosive effect of Industry/Enterprise 
4.0 measures, implemented by the Government 
authorities”.  

“This is confirmed by the data regarding the 
collection of applications to exhibit at 32.BI-MU, the 
biennial machine tool exhibition taking place at 
fieramilano Rho from 14 to 17 October 2020. 
Currently, the surface area booked by the 
Exhibitors is equal to that booked in the same 

period for the 2018 edition”.

“This said – went on Massimo Carboniero – the 
renewal process of the Italian manufacturing 
industry and the transformation of production 
plants also from a digital point of view is keeping 
on. Indeed, it is necessary to focus on the 
continuation of this course, to really maintain and 
increase the competitive advantage of our 
manufacturing system compared with that of our 
foreign competitors”.

“In this sense, we think that the new measures for 
innovation introduced by the Government 
technically and appropriately meet the need to 
continue in this direction. I am referring to the 
activation of the three tax credits. The first one for 
the activity of Research & Development. The 
second one, a replacement of Super-Depreciation, 
with a 6% rate to purchase capital goods, applied 
to investments up to a maximum of 2 million euro. 
The th i rd one, a rep lacement o f 
Hyper-Depreciation, applied to purchase goods 
4.0, whose rate is 40% for investments up to 2.5 
million euro and of 20% for investments between 
2.5 and 10 million euro”.

“Nevertheless, we still fear that to date the tools put 
at the disposal of the Italian enterprises, such as 
Super- and Hyper-Depreciation, together with the 
new ones included in the Budget Law 2020, may 
cause confusion in the companies accustomed to 
the mechanisms of the previous competitiveness 
measures”. 

“For this reason, we think that a careful campaign 
of communication and information is essential – by 
the Government authorities – so that, from the first 
months of next year, from the moment when the 
applicability of the measures will be confirmed, our 
enterprises can take advantage of them. For its 
part, UCIMU-SISTEMI PER PRODURRE will 
continue its training and education activity, open to 
all enterprises, according to the model defined 
during the last four years. Moreover, UCIMU will 
keep on proposing its first-level consulting 
reserved only for associate member companies”. 

“In addition - added Massimo Carboniero – we 
hope that these measures will become structural 
and lasting several years, as stated in the draft 
budgetary plan, provided that there is an economic 

coverage. We understand that all will depend on 
the actually available resources. However, once 
again, we reaffirm that the transformation of these 
measures into a structural, multi-year plan is the 
most appropriate response to the SMEs’ need to 
have a clear and defined picture concerning the 
medium/long-term measures at their disposal, so 
that they will be able to easily plan their 
investments and the actions to be undertaken”.

“We welcome the confirmation of the provision for 
professional education and training 4.0 that allows 
staff updating according to the new requirements of 
digitalised factories. However, as tax credit is 
currently calculated on the costs of the personnel 
involved in professional education and training for 
the refresher hours attended, once again, we 
stress that it is necessary to review it in such a way 
as to include the cost of teachers and trainers, the 
most onerous expense item especially for a SME”. 

“On the foreign front – observed Massimo 
Carboniero – the situation is more complicated, 
due to the context of general economic and political 
instability. For this reason, we ask for targeted 
measures to facilitate the internationalisation of our 
SMEs, especially in the most far-away countries”.  

 “In particular, we hope that appropriate resources 
will be allocated to the ICE-Italian Trade Agency’s 
project of foreign buyers’ Incoming with regard to 
international trade shows taking place in Italy, with 
the purpose of encouraging the contact of Italian 
SMEs with qualified foreign operators coming for 
the countries with the most interesting 
development prospects”.

“After all - concluded Massimo Carboniero – also 
following on from the success achieved by the 
networks of enterprises created to support the 
promotion of the sector’s Made in Italy in several 
world areas, characterised by a particularly 
dynamic demand, we ask the Government 
authorities to plan a special action to support the 
creation of enterprise networks for the study and 
analysis of specific areas or sectors of destination. 
Preparatory to the definition of the trade activity, 
the projects of study and analysis for a particular 
market are often onerous and thus difficult to bear 
for a SME. In this connection, an enterprise 
network certainly represents a valid solution to this 
need”. 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

Cinisello Balsamo 17 December 2019. The year 
2019 marked the end of the positive trend, 
started in 2014 by the Italian machine tool, 
robot and automation industry. Nevertheless, 
the registered decrease is very moderate and 
shows how the values of the main economic 
indicators are returning to normal levels, after 
the exploit supported by the measures of 
Industry/Enterprise 4.0. The slowdown will 
continue in 2020.

This is in brief what was illustrated by Massimo 
Carboniero, President of UCIMU-SISTEMI PER 
PRODURRE, the Italian machine tools, robots and 
automation systems manufacturers' association, 
during the usual end-year press conference.

As evidenced by the preliminary year’s data 
processed by the Studies Dept. & Business Culture 
of UCIMU-SISTEMI PER PRODURRE, in 2019 
production went down to 6,440 million euro, 
recording a 4.9% decrease compared with the 
previous year.

The outcome was due to the reduction in the 
deliveries by Italian manufacturers in the domestic 
market, down by 8.1% to 2,860 million euro, as well 
as to the negative trend of exports, decreased by 
2.3% to 3,580 million euro. 

Based on ISTAT data processing by UCIMU, in the 
first eight months of the year (latest available 
survey), the main destination countries for the 
Made in Italy products of the sector were the 
following: United States, 257 million euro (+15.1%); 
Germany, 236 million euro (-4%); China, 205 
million euro (-13.4%); France, 158 million euro 
(+17.6%); Poland, 120 million euro (-16.2%). 

On the domestic front, in 2019, the Italian 
consumption of machine tools, robots and 
automation dropped by 7.2% to 4,790 million euro. 

The export/production ratio registered a slight 
increase, changing from 54.1% in 2018 to 55.6% in 

2019.

In 2020, the Italian industry of the sector should 
report a further slowdown, however remaining on 
very high levels, equal to those of 2017. Production 
will go down to 5,900 million euro (-8.4%), 
negatively affected by exports, expected to 
decrease by 5.3% and to reach 3,390 million euro. 
Consumption, i.e. the demand of Italian users, will 
stop at 4,305 million euro (-10.1%). The partial 
downsizing of the domestic market will have 
repercussions both on the deliveries of Italian 
manufacturers, which will drop to 2,510 million euro 
(-12.2%), and on imports that will attain 1,795 
million euro (-7%). The export/production ratio will 
gain about two percentage points, accounting for 
57.5%.

Massimo Carboniero, President of 
UCIMU-SISTEMI PER PRODURRE, commented: 
“The analysis of data processed by the Studies 
Dept. & Business Culture of UCIMU-SISTEMI PER 
PRODURRE shows that the international situation 
is clearly influencing the Italian machine tool, robot 
and automation industry, which registered the first 
stop after five years of continuous growth”.

“After al l – went on the President of 
UCIMU-SISTEMI PER PRODURRE – the fall 
reported in 2019 and that expected for 2020 are 
likely to be moderate. However, these results, 
which are very close to those recorded in 2017, a 
decidedly positive year, are highlighting a slow 
repositioning of the Italian industry on normal 
levels. We can trace back normal levels to 2016, 
before the explosive effect of Industry/Enterprise 
4.0 measures, implemented by the Government 
authorities”.  

“This is confirmed by the data regarding the 
collection of applications to exhibit at 32.BI-MU, the 
biennial machine tool exhibition taking place at 
fieramilano Rho from 14 to 17 October 2020. 
Currently, the surface area booked by the 
Exhibitors is equal to that booked in the same 

period for the 2018 edition”.

“This said – went on Massimo Carboniero – the 
renewal process of the Italian manufacturing 
industry and the transformation of production 
plants also from a digital point of view is keeping 
on. Indeed, it is necessary to focus on the 
continuation of this course, to really maintain and 
increase the competitive advantage of our 
manufacturing system compared with that of our 
foreign competitors”.

“In this sense, we think that the new measures for 
innovation introduced by the Government 
technically and appropriately meet the need to 
continue in this direction. I am referring to the 
activation of the three tax credits. The first one for 
the activity of Research & Development. The 
second one, a replacement of Super-Depreciation, 
with a 6% rate to purchase capital goods, applied 
to investments up to a maximum of 2 million euro. 
The th i rd one, a rep lacement o f 
Hyper-Depreciation, applied to purchase goods 
4.0, whose rate is 40% for investments up to 2.5 
million euro and of 20% for investments between 
2.5 and 10 million euro”.

“Nevertheless, we still fear that to date the tools put 
at the disposal of the Italian enterprises, such as 
Super- and Hyper-Depreciation, together with the 
new ones included in the Budget Law 2020, may 
cause confusion in the companies accustomed to 
the mechanisms of the previous competitiveness 
measures”. 

“For this reason, we think that a careful campaign 
of communication and information is essential – by 
the Government authorities – so that, from the first 
months of next year, from the moment when the 
applicability of the measures will be confirmed, our 
enterprises can take advantage of them. For its 
part, UCIMU-SISTEMI PER PRODURRE will 
continue its training and education activity, open to 
all enterprises, according to the model defined 
during the last four years. Moreover, UCIMU will 
keep on proposing its first-level consulting 
reserved only for associate member companies”. 

“In addition - added Massimo Carboniero – we 
hope that these measures will become structural 
and lasting several years, as stated in the draft 
budgetary plan, provided that there is an economic 

coverage. We understand that all will depend on 
the actually available resources. However, once 
again, we reaffirm that the transformation of these 
measures into a structural, multi-year plan is the 
most appropriate response to the SMEs’ need to 
have a clear and defined picture concerning the 
medium/long-term measures at their disposal, so 
that they will be able to easily plan their 
investments and the actions to be undertaken”.

“We welcome the confirmation of the provision for 
professional education and training 4.0 that allows 
staff updating according to the new requirements of 
digitalised factories. However, as tax credit is 
currently calculated on the costs of the personnel 
involved in professional education and training for 
the refresher hours attended, once again, we 
stress that it is necessary to review it in such a way 
as to include the cost of teachers and trainers, the 
most onerous expense item especially for a SME”. 

“On the foreign front – observed Massimo 
Carboniero – the situation is more complicated, 
due to the context of general economic and political 
instability. For this reason, we ask for targeted 
measures to facilitate the internationalisation of our 
SMEs, especially in the most far-away countries”.  

 “In particular, we hope that appropriate resources 
will be allocated to the ICE-Italian Trade Agency’s 
project of foreign buyers’ Incoming with regard to 
international trade shows taking place in Italy, with 
the purpose of encouraging the contact of Italian 
SMEs with qualified foreign operators coming for 
the countries with the most interesting 
development prospects”.

“After all - concluded Massimo Carboniero – also 
following on from the success achieved by the 
networks of enterprises created to support the 
promotion of the sector’s Made in Italy in several 
world areas, characterised by a particularly 
dynamic demand, we ask the Government 
authorities to plan a special action to support the 
creation of enterprise networks for the study and 
analysis of specific areas or sectors of destination. 
Preparatory to the definition of the trade activity, 
the projects of study and analysis for a particular 
market are often onerous and thus difficult to bear 
for a SME. In this connection, an enterprise 
network certainly represents a valid solution to this 
need”. 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

Edgetech strengthens its activities in 
France and in the Balkans

Fabrice Keller joins the team as 
Area Manager

With Fabrice Keller, Edgetech Europe GmbH has 
gained an experienced and recognized Sales 
Manager of industry experts. In this position, he 
will ensure greater implementation of Super 
Spacer® flexible spacer systems on the French 
market and in the Balkan countries.

Glass as a component is the link in all its 
professional career. For many years, Fabrice 
Keller has worked in the Commercialization and 
Marketing sector, more precisely in the field of 
construction components through 
multi-component assemblies, glazing products 
and vacuum handling. He also has an extensive 
experience in the developing countries market.

"The glass industry has always been my home. I 
am very happy to be able to use my knowledge by 
working for Edgetech,” said Fabrice Keller. "The 
opportunities that I have in my professional career, 
the support of the team and the potential of the 

products are extremely promising," he continues.

The window industry is increasingly moving to 
automated solutions. For Fabrice Keller, the time 
for efficient and variable spacer systems like Super 
Spacer® has come. "The spacer is a discreet 
element in the construction of a facade or a 
window but of significant importance to obtain a 
high level of performance", he explains.

Joachim Stoss, Managing Director of Edgetech 
Europe GmbH and Vice President of International 
Sales at Quanex, is also satisfied: “We are very 
pleased to welcome Fabrice Keller to the team. 
Thanks to its market expertise and industrial 
know-how, we will be able to advice our customers 
in France even better and more personally.”

About Edgetech Europe GmbH

Edgetech’s Super Spacer® flexible foam-based 
spacer systems act as energy-efficient
warm edge spacers in insulating glass windows. 
They significantly reduce energy loss to the 
outside, largely prevent condensation and also 
contribute to the lifetime of a window. On average, 
worldwide, more than 300 million metres are sold 
annually in over 90 countries.

Edgetech Europe GmbH, located in Heinsberg 
Germany, is a fully-owned subsidiary of Quanex 
Building Products Corporation, an industry-leading 
manufacturer of components sold to Original 
Equipment Manufacturers (OEMs) in the building 
products industry. Based in Houston, Texas, 
Quanex designs and manufactures 
energy-efficient fenestration products, in addition 
to kitchen and bath cabinet components. 
Regarding the turnover Edgetech/Quanex is the 
world’s largest manufacturer of spacers. Edgetech 
Europe GmbH is a sales location for the markets in 
continental Europe and one of the three worldwide 
Edgetech production plants, with a total of 450 
employees and 16 extruders. You can obtain 
additional information about the Super Spacer® 
systems and the Warm Edge Technology of 
Edgetech here: www.superspacer.com.

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

Bavarian Research Group Makes Cutting 
Edge Advances in Glass Production

A multidisciplinary consortium of Bavarian 
companies and academic researchers are working 
together to improve the quality, extend the 
capabilities, and reduce the cost of fabricating glass 
components and products. Key consortium 
members include laser system manufacturer 
Coherent Munich, high-technology glass and mirror 
producer Flabeg, the Deggendorf Institute of 
Technology (DIT), and the University of 
Erlangen-Nuremberg (Friedrich-Alexander 
Universität, FAU), all Germany. While glass has 
been manufactured literally for millennia, its 
increasingly diverse use, particularly in displays in 
everything from automobiles to home appliances, 
is driving the need for glass with higher breakage 
resistance, as well as for manufacturing methods 
that can readily support production of complex 
curves and 3D, freeform shapes. This, in turn, 
necessitates technological advances in glass 
making and cutting processes, some of which have 
remained unchanged for centuries! 

Gaining a Competitive Edge

The main focus of this consortium is on improving 
glass cutting technology. The traditional mechanical 
(scribe and break) technique for cutting glass isn’t 
adequate, particularly for touchscreen applications, 
for several reasons. First, mechanical cutting leaves 
residual stress in the glass edges which lowers its 
break resistance because, even when force is 
applied to the center of a glass panel, any break 

usually initiates at the edge. Also, mechanical 
cutting produces microcracks, edge chips, and 
debris, necessitating post-processing (e.g., 
grinding, polishing). These additional steps increase 
production costs, the need for consumables (like 

water) and can create environmental concerns 
(especially the disposal of contaminated water). 
Finally, mechanical glass cutting can’t be easily 
applied to cutting of curved shapes or glass parts 
with complex 3D shapes. And, both of these 
capabilities are increasingly required, especially for 
displays and touchpanels on automobiles, 
appliances, and handheld electronics.

SmartCleave™ (the most effective form of 
filamentation cutting) is a sophisticated glass cutting 
process, developed by Coherent, that utilizes a 
laser which produces ultra-short pulses (< 15 
picoseconds or trillionths of a second). The very 
high focused laser power which is obtainable from 
this type of source can be applied in such a spatially 
precise and limited manner that there is no bulk 
heating of the glass, and therefore, no thermal 
damage to the material. The result is an extremely 
smooth edge, with no burrs, less cracks or 
breakouts, minimal edge stress, and completely 

eliminates the need for subsequent processing. 
Thus, all the additional grinding, washing, and 
drying steps, along with their energy consumption, 
time, cost and negative environmental impact, are 
absent. SmartCleave increases yields, improves 
quality, and lowers production costs. Plus, 
SmartCleave allows high-speed cutting of tight 
curves, without taper, and can be utilized to cut 3D 
shapes. 

A Cooperative Research Project

The OptiGLas research project was initiated in 2015 
by Flabeg, a company which continually strives to 
improve their product quality and reduce 
manufacturing costs by employing the latest 
technology. Flabeg wanted to explore the 
SmartCleave laser cutting method instead of 
mechanical separation and extend further its utility. 
In particular, the consortium identified several 
specific areas of exploration.

The first was to investigate how SmartCleave 
parameters must be varied for use with different 
materials, in this particular case soda lime glass (in 
two different thicknesses), aluminosilicate glass, 
borosilicate glass, and glass ceramics. Of particular 
interest was borosilicate glass because it is proven 
among the experts to be the most challenging 
material to separate. 

Second, SmartCleave was originally developed 
primarily for cutting thin glass for touchscreen 
displays. Flabeg and Coherent agreed to extend the 
focal range of SmartCleave in order to cut 

thicker glass than it had been previously used with 
and to increase robustness. The development of 
new optical concepts for achieving this goal was 
necessary. 

Another goal was to refine the technology for cutting 
3D shaped (not flat) parts. This requires accurate 
distance sensing during cutting to maintain laser 
focus at precisely the correct position. And, since 
there are always slight part-to-part variations and 
tolerances, this must be performed using active 
feedback.

Flabeg recognized that several diverse types of 
expertise would be cooperatively required to 
achieve these goals. They initiated the project by 
first approaching Coherent for the critical laser and 
beam delivery knowledge. They then enlisted the 
Bavarian Ministry of Economic Affairs, Regional 
Development and Energy, who agreed to provide 
some of the financial support for the project. The 
Deggendorf Institute of Technology was involved in 
developing distance sensors and control methods 
for following part surface contours. The group at 
FAU contributed diagnostics. In particular, they used 
their scanning electron microscope and laser 
scanning microscope to characterize cut edge 
quality, and therefore filament shape, more 
precisely than had been done in the past. They 
estimated residual stresses using photo elasticity 
and vibrational spectroscopy.

The research project is now in its third, and final, 
year. According to Dr. Alexander Roth, Vice 
President and General Manager Industrial Laser 
Systems at Coherent, “One of the most exciting 
outcomes to date has been the development of 
beam delivery optics which deliver improved cut 
quality and efficiency, resulting in the ability to cut 
glass that is 50% thicker than was previously 
possible.” The focus for the remaining year of the 
project is on achieving better results with 
borosilicate glass. However, given the success so 
far, Flabeg and the other team participants expect 
the use of SmartCleave to continue to expand as 
they push its capabilities and applications 
envelopes.

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

A multidisciplinary consortium of Bavarian 
companies and academic researchers are working 
together to improve the quality, extend the 
capabilities, and reduce the cost of fabricating glass 
components and products. Key consortium 
members include laser system manufacturer 
Coherent Munich, high-technology glass and mirror 
producer Flabeg, the Deggendorf Institute of 
Technology (DIT), and the University of 
Erlangen-Nuremberg (Friedrich-Alexander 
Universität, FAU), all Germany. While glass has 
been manufactured literally for millennia, its 
increasingly diverse use, particularly in displays in 
everything from automobiles to home appliances, 
is driving the need for glass with higher breakage 
resistance, as well as for manufacturing methods 
that can readily support production of complex 
curves and 3D, freeform shapes. This, in turn, 
necessitates technological advances in glass 
making and cutting processes, some of which have 
remained unchanged for centuries! 

Gaining a Competitive Edge

The main focus of this consortium is on improving 
glass cutting technology. The traditional mechanical 
(scribe and break) technique for cutting glass isn’t 
adequate, particularly for touchscreen applications, 
for several reasons. First, mechanical cutting leaves 
residual stress in the glass edges which lowers its 
break resistance because, even when force is 
applied to the center of a glass panel, any break 

usually initiates at the edge. Also, mechanical 
cutting produces microcracks, edge chips, and 
debris, necessitating post-processing (e.g., 
grinding, polishing). These additional steps increase 
production costs, the need for consumables (like 

water) and can create environmental concerns 
(especially the disposal of contaminated water). 
Finally, mechanical glass cutting can’t be easily 
applied to cutting of curved shapes or glass parts 
with complex 3D shapes. And, both of these 
capabilities are increasingly required, especially for 
displays and touchpanels on automobiles, 
appliances, and handheld electronics.

SmartCleave™ (the most effective form of 
filamentation cutting) is a sophisticated glass cutting 
process, developed by Coherent, that utilizes a 
laser which produces ultra-short pulses (< 15 
picoseconds or trillionths of a second). The very 
high focused laser power which is obtainable from 
this type of source can be applied in such a spatially 
precise and limited manner that there is no bulk 
heating of the glass, and therefore, no thermal 
damage to the material. The result is an extremely 
smooth edge, with no burrs, less cracks or 
breakouts, minimal edge stress, and completely 

eliminates the need for subsequent processing. 
Thus, all the additional grinding, washing, and 
drying steps, along with their energy consumption, 
time, cost and negative environmental impact, are 
absent. SmartCleave increases yields, improves 
quality, and lowers production costs. Plus, 
SmartCleave allows high-speed cutting of tight 
curves, without taper, and can be utilized to cut 3D 
shapes. 

A Cooperative Research Project

The OptiGLas research project was initiated in 2015 
by Flabeg, a company which continually strives to 
improve their product quality and reduce 
manufacturing costs by employing the latest 
technology. Flabeg wanted to explore the 
SmartCleave laser cutting method instead of 
mechanical separation and extend further its utility. 
In particular, the consortium identified several 
specific areas of exploration.

The first was to investigate how SmartCleave 
parameters must be varied for use with different 
materials, in this particular case soda lime glass (in 
two different thicknesses), aluminosilicate glass, 
borosilicate glass, and glass ceramics. Of particular 
interest was borosilicate glass because it is proven 
among the experts to be the most challenging 
material to separate. 

Second, SmartCleave was originally developed 
primarily for cutting thin glass for touchscreen 
displays. Flabeg and Coherent agreed to extend the 
focal range of SmartCleave in order to cut 

thicker glass than it had been previously used with 
and to increase robustness. The development of 
new optical concepts for achieving this goal was 
necessary. 

Another goal was to refine the technology for cutting 
3D shaped (not flat) parts. This requires accurate 
distance sensing during cutting to maintain laser 
focus at precisely the correct position. And, since 
there are always slight part-to-part variations and 
tolerances, this must be performed using active 
feedback.

Flabeg recognized that several diverse types of 
expertise would be cooperatively required to 
achieve these goals. They initiated the project by 
first approaching Coherent for the critical laser and 
beam delivery knowledge. They then enlisted the 
Bavarian Ministry of Economic Affairs, Regional 
Development and Energy, who agreed to provide 
some of the financial support for the project. The 
Deggendorf Institute of Technology was involved in 
developing distance sensors and control methods 
for following part surface contours. The group at 
FAU contributed diagnostics. In particular, they used 
their scanning electron microscope and laser 
scanning microscope to characterize cut edge 
quality, and therefore filament shape, more 
precisely than had been done in the past. They 
estimated residual stresses using photo elasticity 
and vibrational spectroscopy.

The research project is now in its third, and final, 
year. According to Dr. Alexander Roth, Vice 
President and General Manager Industrial Laser 
Systems at Coherent, “One of the most exciting 
outcomes to date has been the development of 
beam delivery optics which deliver improved cut 
quality and efficiency, resulting in the ability to cut 
glass that is 50% thicker than was previously 
possible.” The focus for the remaining year of the 
project is on achieving better results with 
borosilicate glass. However, given the success so 
far, Flabeg and the other team participants expect 
the use of SmartCleave to continue to expand as 
they push its capabilities and applications 
envelopes.

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Adaptive Façades Systems made from 
Thin Glass

Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
 
Acknowledgement
This paper is the result of a project 
by the research centre named the 
“Josef Ressel Centre for Thin 
Glass Technology for Structural for 
Structural Glass Applications” 
funded by the Austrian “Christin 
Doppler Research Association” 
and is supported by industry 
partners SFL Engineering GmbH 
and LISEC Austria GmbH



Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

brand ISICAM) you must be doing something right. 
Since the first years of being an authorized 
producer, it has taken its place among the top 10 
companies every year from around 200 dealers in 
terms of annual production amount. The company, 
which employs around 150 employees, is 
specialised in the production & processing of 
structural glasses, double and triple insulated glass, 
shower glass and glass tables, mirrors, parapet 
glasses, partition glasses and insulated glass with 
georgian bars. The production of structural glass 
accounts for 70% of the turnover. New products & 
developments include quadruple IG units and large 
size glass products.

The cooperation with LiSEC started 2007. Fatih 
Poyraz, owner of the company: “We investigated 
the market in search of possible suppliers and knew 
that LiSEC has a very good reputation regarding 
machinery and software for this business. We took 

this reputation as the basis for our discussions with 
Ayhan Özgür.” But it takes more than a good 
reputation the business man is convinced. “We 
wanted to sense the reputation LiSEC has in the 
cooperation with us in order to confirm or not.”

LiSEC was able to meet the high requirements of 
Yakut Cam and delivered and installed following 
lines and machines including the necessary 
software for order processing and production 
management: 1 jumbo glass cutting line type ESL, 
1  glass cutting table base CUT, 1  jumbo size 
laminated glass cutting bridge type VB 60, 1 KSR 
for edge seaming, 1 vertical CNC drilling machine 
from the Schraml range of products, and 2 IG lines 
including sealing robot. 

Poyraz: “ The situation on the market is really 
challenging. Not only are there many high output 
glass processing facilities in Turkey, also the 
products that are requested get more complex 
regarding both size and functionality – so many of 
these processors are looking for ways to increase 
added value in order to secure deals.” Apart from 
these challenging market conditions, Yakut Cam 
also focuses on the realisation of goals – like, for 
instance, to increase the export rate up to 60%. “We 
are in a high speed and fast growing market that 
offers no room for quality compromises – in the long 
term only those companies will survive who invest 
in technology at the right time. We have done so 
with the most reliable partner on the market: LiSEC. 
High product quality and top notch service is what 
make LiSEC unique.”

Yakut Cam relies on LiSEC as their 
solution provider for flat glass processing

Yakut Cam was founded in 1972 as a wholesaler 
for glass products. Since 2008 the company 
operates under the name Yakut Cam and has since 
contributed to numerous prestigious projects in 
Turkey and abroad. Today with its high-technology 
machine park and high volume output it has taken 
its place among the leading companies in the 
architectural glass processing business in Turkey.

Yakut Cam is on the rise. If you become a certified 
producer for SISECAM insulated glass (under the 

delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

brand ISICAM) you must be doing something right. 
Since the first years of being an authorized 
producer, it has taken its place among the top 10 
companies every year from around 200 dealers in 
terms of annual production amount. The company, 
which employs around 150 employees, is 
specialised in the production & processing of 
structural glasses, double and triple insulated glass, 
shower glass and glass tables, mirrors, parapet 
glasses, partition glasses and insulated glass with 
georgian bars. The production of structural glass 
accounts for 70% of the turnover. New products & 
developments include quadruple IG units and large 
size glass products.

The cooperation with LiSEC started 2007. Fatih 
Poyraz, owner of the company: “We investigated 
the market in search of possible suppliers and knew 
that LiSEC has a very good reputation regarding 
machinery and software for this business. We took 

this reputation as the basis for our discussions with 
Ayhan Özgür.” But it takes more than a good 
reputation the business man is convinced. “We 
wanted to sense the reputation LiSEC has in the 
cooperation with us in order to confirm or not.”

LiSEC was able to meet the high requirements of 
Yakut Cam and delivered and installed following 
lines and machines including the necessary 
software for order processing and production 
management: 1 jumbo glass cutting line type ESL, 
1  glass cutting table base CUT, 1  jumbo size 
laminated glass cutting bridge type VB 60, 1 KSR 
for edge seaming, 1 vertical CNC drilling machine 
from the Schraml range of products, and 2 IG lines 
including sealing robot. 

Poyraz: “ The situation on the market is really 
challenging. Not only are there many high output 
glass processing facilities in Turkey, also the 
products that are requested get more complex 
regarding both size and functionality – so many of 
these processors are looking for ways to increase 
added value in order to secure deals.” Apart from 
these challenging market conditions, Yakut Cam 
also focuses on the realisation of goals – like, for 
instance, to increase the export rate up to 60%. “We 
are in a high speed and fast growing market that 
offers no room for quality compromises – in the long 
term only those companies will survive who invest 
in technology at the right time. We have done so 
with the most reliable partner on the market: LiSEC. 
High product quality and top notch service is what 
make LiSEC unique.”

Yakut Cam was founded in 1972 as a wholesaler 
for glass products. Since 2008 the company 
operates under the name Yakut Cam and has since 
contributed to numerous prestigious projects in 
Turkey and abroad. Today with its high-technology 
machine park and high volume output it has taken 
its place among the leading companies in the 
architectural glass processing business in Turkey.

Yakut Cam is on the rise. If you become a certified 
producer for SISECAM insulated glass (under the 

delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

Super Spacer® wins three reader Awards 

Heinsberg, January 2020. The 
award season is not only 
reserved to the world of cinema, 
the window industry also has it, 
and Super Spacer® has won 
three awards.

George Wilson, Quanex Building 
Products Corporation's new CEO

Listed on NYSE for 55 years: Quanex Building Products Corporation's new CEO, George Wilson, rings the bell on the New York 
Stock Exchange.

The flexible spacer wins the 
Readers ’Choice Award 2019 in 
the category "Spacers for 
insulating glass". USGlass 
Magazine, one of the most 
influential and wide-reaching 
specialist magazines in the USA, 
had called for the reader vote. 
The readers of the Door and 
Window Market Magazine 
(DWM) chose Super Spacer® as 
their preferred window 
component. Edgetech / Quanex 
had also reason to celebrate in 
Great Britain. With an impressive 
91.5 % of all votes cast, the 
National Fenestration Award was 
won in the "Spacer Bar 
Manufacturer" category by 
Edgetech Super Spacer® - an 
award with which the British 
window industry honors the best 
every year.

"An audience award is of course 
always the best thing that can 
h a p p e n t o y o u a s a 
manufacturer," commented 
Joachim Stoss, Managing 
Director of Edgetech Europe 
GmbH and Vice President 
International Sales at Quanex. 
"We are very happy about this 
trust, which is expressed in 
numbers on both sides of the 
Atlantic."

Edgetech Europe GmbH, based 
in Heinsberg, has achieved 
another record year in 2019. 
According to Joachim Stoss, the 
success of the Super Spacer® 
flexible silicone foam-based 
spacer can be attributed to two 
industry trends: the growing 
importance of energy-efficient 
building products and the global 

shift to automated production of 
insulating glass."

"In addition, the flexible 
corporate structure within our 
parent company, the Quanex 
Group, makes a decisive 
contribution to ensuring that we 
are excellently positioned for the 
future", adds Joachim Stoss. 
George Wilson, the new Quanex 
CEO, knows the business inside 
out, as he was responsible for 
the insulating glass business for 
many years before his 
appointment. "George Wilson is 
a passionate supporter of the 
"Think globally, act locally!" 
Strategy. Addressing the different 
customer needs in the respective 
markets and reacting quickly to 
changes was and is our 
strength,” says Joachim Stoss.

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

Heinsberg, January 2020. The 
award season is not only 
reserved to the world of cinema, 
the window industry also has it, 
and Super Spacer® has won 
three awards.

The flexible spacer wins the 
Readers ’Choice Award 2019 in 
the category "Spacers for 
insulating glass". USGlass 
Magazine, one of the most 
influential and wide-reaching 
specialist magazines in the USA, 
had called for the reader vote. 
The readers of the Door and 
Window Market Magazine 
(DWM) chose Super Spacer® as 
their preferred window 
component. Edgetech / Quanex 
had also reason to celebrate in 
Great Britain. With an impressive 
91.5 % of all votes cast, the 
National Fenestration Award was 
won in the "Spacer Bar 
Manufacturer" category by 
Edgetech Super Spacer® - an 
award with which the British 
window industry honors the best 
every year.

"An audience award is of course 
always the best thing that can 
h a p p e n t o y o u a s a 
manufacturer," commented 
Joachim Stoss, Managing 
Director of Edgetech Europe 
GmbH and Vice President 
International Sales at Quanex. 
"We are very happy about this 
trust, which is expressed in 
numbers on both sides of the 
Atlantic."

Edgetech Europe GmbH, based 
in Heinsberg, has achieved 
another record year in 2019. 
According to Joachim Stoss, the 
success of the Super Spacer® 
flexible silicone foam-based 
spacer can be attributed to two 
industry trends: the growing 
importance of energy-efficient 
building products and the global 

shift to automated production of 
insulating glass."

"In addition, the flexible 
corporate structure within our 
parent company, the Quanex 
Group, makes a decisive 
contribution to ensuring that we 
are excellently positioned for the 
future", adds Joachim Stoss. 
George Wilson, the new Quanex 
CEO, knows the business inside 
out, as he was responsible for 
the insulating glass business for 
many years before his 
appointment. "George Wilson is 
a passionate supporter of the 
"Think globally, act locally!" 
Strategy. Addressing the different 
customer needs in the respective 
markets and reacting quickly to 
changes was and is our 
strength,” says Joachim Stoss.

Upgrade Includes State-of-the-Art 
Tempering Technology from NorthGlass

HHH Tempering Resources 
(HHH), a whol ly owned 
subsidiary of Salem Distributing 
Company, signs an agreement 
with Trulite Glass & Aluminum 
Solutions to upgrade and 
refurbish the fabricators’ 
tempering equipment.

The agreement includes 
tempering furnace upgrades, 

refurbishments and new 
fabrication equipment featuring 
the latest glass heat ing 
technology from NorthGlass. 
HHH was selected for i ts 
consultation and full-service 
technical support including 
installation, operator training, 
layout consultat ion and 
preventative maintenance. The 
project stretches across multiple 
sites in 2020.

“We look forward to working with 
the Trulite team on this significant 
upgrade to their overal l 
tempering capacity. The new 
NorthGlass technology will 
increase output and production 
s p e e d , ” s a y s H H H 
President/CEO Mike Synon.

“Reliability of equipment is a 
fundamental element to our 
business strategy. We are 
excited to partner with HHH on 
this portion of our business 
investment.  This is just one area 
of investment for Trulite. We look 
forward to our continued success 
and the success o f our 
equipment supply partners”, said 
Trulite CEO Kevin Yates.

Trulite Glass & Aluminum 
Solutions is the second largest 
architectural glass and aluminum 
fabricator in the U.S. The 
fabricators’ capabilities include 
tempered glass, insulated glass, 
laminated glass and more at its 
27 North American locations.

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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Façades play an important role in 
the control of energy flow and 
energy consumption in buildings 
as they represent the interface 
between the outdoor environment 
and the indoor occupied space.

The option of regulating internal 
and external conditions acquires 
great relevance in new 
approaches to sustainable 
building solutions. Studies on 
climate adaptive façades show a 
very high potential for improved 
indoor environmental quality 
conditions and energy savings by 
moveable façades.

A number of movable façades 
were realized in the past, but the 
use of thin glass with a thickness 
of 0.5 mm to 2 mm opens a 
brand-new field, that allows for 
playing with the geometry of the 
outer skin and the opportunity to 
make it adaptive by movement.
Thin glass requires for curved 
surfaces in order to gain structural 
stiffness in static use. In kinetic 
façades the high flexibility of thin 
glass allows for new options for 
changes in size and position by 
bending of elements rather than 
implementing hinges in a system 
of foldable rigid panels.

The geometry is based on the 
known theory of developable 
surfaces for keeping a low 
stress-level during movement. 
Façades may therefore be created 
from cold bent or curved laminated 
thin glass layers which provide 

better sealing, greater simplicity in 
construction, robustness and 
durabi l i ty of moveable 
components which may be 
actuated or move autonomously.

By application of the principles of 
conventional moveable façades to 
bendable geometries a new 
toolset may be provided for the 
design process by architects and 
will be explained by design 
examples in this paper. Some 
concepts based on the before 
mentioned theories were created 
to explain principles and discuss 
their applicability.
 
Introduction
2016 a research centre, “Josef 
Ressel Centre for Thin Glass 
Technology for Structural Glass 
Applications”, was launched and 
deals, for example, with the topics 
of the determination of the ultimate 
bending strength of thin glass, 
explores new fields of applications 
for thin glass or creates new 
design possibilities for architects.

Another aim of this research 
centre is to systematically gather 
existing knowledge about general 
moveable structures in buildings 
and apply this expertise to façades 
made from thin glass as for 
example climate adaptive building 
shells. Based on experiences with 
prototypes both at model scale 
and real size, computer models 
were carried out and tested in 
terms of kinematics of bending 
using Rhinoceros 3D with 
Grasshopper and other plugins 
from the Rhino environment.

As a key point the real size model 
of a movable canopy presented at 
the Glasstec 2014 in Düsseldorf, 
Germany, as shown in figure 01 
below, was an excellent 
demonstrator for the potential that 
lies in the utilization of thin glass in 

moveable structures. This canopy 
was also the initial point for the 
application for the research project 
mentioned above. Several 
prototype models were first 
studied in computer models to 
evaluate their feasibility and 
subsequent ly bui l t as 
cardboard-models or transparent 
synthetic models to gradually 
optimize the system to finally build 
the real-life application.
 

Figure 1 Movable canopy
 
Adaptive Components
The Adaptivity (lat. adaptare: 
adapt, adjust) is the reaction to 
environmental boundary 
conditions and may be applied to 
the field of thin glass applications. 
Both, reactions and boundary 
conditions are diverse. Facades 
commonly have to meet 
requirements concerning 
structural safety, air tightness, 
visibility, lighting, temperature and 
precipitation. Reactions may be 
changes in transparency, light 
guiding, ventilation and others.
In the following, movement of thin 
glass edges and thin glass 
elements are considered as 
application for thin glass façades 
provided in this paper. The 
autonomous ones could be either 
direct ly dr iven from an 
autonomous actuator by 
transforming the physical shape 
change of the actuator to a 
movement or indirectly driven by 
an electronic circuit that translates 
a measured sensor input to an 

delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

It is well known that laminated safety glass (LSG) 
is a material that is specifically processed because 

of its composition.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

individual drive device or to a 
number of synchronized devices.

Changes in the geometry require 
for a motionsequence derived 
from measured information. In the 
case of autonomously moved 
elements, a direct actuation by 
physical effects may be scaled up 
to the actual movement my simple 
mechanical multiplier units such 
as scissor or lever elements.

Electric energy as well as physical 
impulses such as temperature, air 
humidity, light or pressure can be 
used as triggers for the flow of 
information. Concerning 
adaptivity, a promising type 
concerning robustness and 
sustainability are direct 
autonomous systems, which 
function independently of energy 
supply. In figure 02 individual 
components of adaptive systems 
are shown.

 

Figure 2 Components for adaptive 
systems / JRC
As mentioned in figure 02 above, 
the components are combined to 
build adaptive systems. The 
components that are required for 
adaptivity are specified in the 
following subchapters.
 
Sensor technology
Environmental surroundings such 
as temperature, air humidity, solar 
radiation can be quantified with 
sensors such as thermometers, 
hygrometers or pyranometers, and 
these surroundings can be 
converted into electrical impulses. 
Those impulses conduce the 
system controlling to generate the 
operating signals for actuator 
movements.
 
Actuators
The incoming signals from 
sensors initiate movement by 
actuators. The function of the latter 
is to power a system or 

mechanism. Actuators can be 
separated into two groups, 
autonomous and controlled 
actuators.
 
Autonomous actuators
Intelligent materials take on the 
task of the sensors to control 
themselves without the use of 
control technology. Adaptive 
functional materials can be divided 
into two groups: semi- smart 
materials are able to adopt 
changes on a few occasions. 
Smart materials have permanent 
reversible characteristics, which 
can be triggered by physical 
influences such as temperature, 
light, pressure, electrical impulses, 
magnetic impulses or chemical 
impulses. 

The greatest advantage of 
autonomous powering systems is 
a permanent workflow and no 
dependence on, for example, 
energy. Various forms of 
autonomous actuators are shown 
in the following chapter entitled 
“Adaptive Systems”.
 
Controlled actuators
The transferred command from 
sensor technology is part of the 
process cycle and initiates the 
actuator, as shown in figure 3. 
With controlled systems, process 
engineering is relevant, for 
example, electric energy is 
converted as a signal through 
electrical linear actuators into a 
linear motion.
 

Figure 3 Electric linear actuator [2]
 
Multiplicators
Multiplicators are used to increase 
the efficiency of a system. 
Mechanical motion driven by the 
actuator is a product of force and 
path. As an example, a small 
displacement u of point C to C´ is 

transformed to scaled movement 
of points A to A´ and B to B´, as in 
the lever system shown in figure 4. 
Depending on the geometry the 
transformation may be set as 
desired.
Generally multiplying units can be 
built as gears, belt drives and 
others and can also be used as a 
force multiplying process which 
can be carried out in a rotary or 
linear fashion. 
 

Figure 4 Lever system / JRC
 
Adaptive Systems
The most impressive way to work 
with adaptive systems is by using 
autonomous elements. 
Self-regulation of those systems is 
the result of the correct 
combination of various 
components and the purpose is to 
create autonomous façade 
applications.

 

Figure 5 Changes of form, 
transparency and aggregation 
state which are the result of 
influences such as air humidity, 
temperature or light / JRC
Two strategies of adapting 
façades are described in the 
following sub-categories: the 
transparency of façades as well as 
the way façade applications can 
be moved, both of which can be 
carried out autonomously
 
View
Primarily, the function of façades is 
to separate the interior and 
exterior. Furthermore, aesthetics 
and design are of architectural 
importance and structural-physical 
values are responsible for comfort. 

Even if the level of transparency in 
façades is relevant for the light 
intensity in the room, they cannot 
protect from overheating due to 
solarisation. Therefore, creating 
autonomous regulation is a factor 
to save energy over the entire life 
cycle.

Thermochromic resin layers with 
nanocapsule structure, located 
between the glass layers, can be 
used as a switching tool. The level 
of transparency is a result of the 
nanostructure, which enables 
solar radiation to pass through the 
resin layer. In order to achieve the 
switching temperature, the 
structure of the nanocapsules 
change and become diffused 
which, in turn, increases reflection.

Figure 6 Functional principle of 
thermotropic laminated glass, 

Figure 7 Thermochromic glazing in 
low (a) and high (b) temperature 
state, 
 
Motion
Bi-wood
Various parameters, such as 
thickness, type of wood and 
content of moisture can be used to 
control and design the behaviour 
of wood. The reaction of wood to 
humidity is invertible, meaning that 
the initial state of wood is achieved 
after drying out. Using humidity to 
change wood is based on three 
major parameters: dimensional 
ratio, grain orientation and 

lamination. 

The hygroscopic properties of a 
cone - which is in a closed state 
during wet conditions and in an 
opened state in dry times, when 
the seeds can be spread by winds 
- can therefore be functionally 
reproduced by wooden bi-layer 
constructions composed of a 
resistant and of an actuation layer. 

 

Figure 8 Shape transformations of 
bi- layered wood due to 
hygroscopic properties, through A) 
twisting, B) bending, C) sinusoidal 
curved. 

Adaptive façades made from thin 
glass can be regulated by bi-wood 
constructions. The dependence of 
wood on humidity and its return to 
its original state after drying and 
moistening in combination with 
lamination of the bilayers, are an 
attractive option to power 
autonomous systems.

Bi-metal
Actuators made of bi-metal are 
thermally active elements which 
continuously deform owing to 
thermal variation. Bi-metal in form 
of stripes, ribbons or rolls are 
common examples of use. More 
specific applications are thermal 
snap discs and elements that work 
discontinuously owing to their 
geometry. A coating process, 
galvanic or chemical, further 
improves the corrosion resistance 
of the elements.

 

Figure 9 Bi-metal ribbon, 
Bi-metal ribbons fixed to thin glass 

might be used as an autonomous 
temperature control system for 
façades. A rise in temperature due 
to solarisation, the shade or air 
ventilation systems work due to 
deformation of the façade 
application.
 
Shape memory alloy
Shape memory alloy actuators 
take up the original position using 
temperature variation. Disposable 
elements change their form when 
heated. In contrast, two-way 
components take on a high 
temperature form when heated 
and a low temperature shape 
when cooled.

Figure 10 schematic shape 
memory alloy effect,

Another specific model is a shape 
memory alloy system which works 
with a disposable element and a 
counteracting force. It is an 
economic, self-sufficient solution 
enabled by reversible deformation, 
as displayed in figure 10. 

For thin glass applications in 
façades, shape memory alloys are 
another way of generating motion. 
If solarisation activates thin wires, 
the contraction due to the shape 
memory alloy enables the 
deformation of thin glass. [12] 
Especially the advantage of 
several positions that can be 
perceived are of particular interest 
for energy generation – PV 
elements.
 
Thin Glass Applications in façades

Infinity lights
Infinity lights is the solution, 
designed in the range of a 
master-thesis, for a skyscraper in 
Manhattan. Thin glass modules 
are used to guide natural light. 
With different angles, as 
mentioned in figure 11, the façade 
reacts to the sun position and 
allows natural light far into the 
interior space. The maximal 
angles of the reflection element 

are structurally specified the 
transport of light is connected to 
the atmosphere of the indoor 
daylighting.

Figure 11 Various sun positions 
and opening angles / JRC 

Figure 12 Kinematics of the façade 
system / JRC
The kinematics in this structure, 
shown in figure 12, follow a linear 
motion sequence. The force 
generates tensile forces in the 
vertical non-locating bearing, 
which are directed by two bars in a 
horizontal non-locating bearing 
and thus trigger movement H. The 
dashed line shows the change in 
position of the system.
 
Self-regulating air ventilation
This model, vertical, rectangular 
façade elements overlap in the 
fashion of roof tiles. To enable air 
ventilation, based on a given 
surface temperature of the façade, 
bi-metal ribbons or shape memory 
alloy wires are fixed at both 
vertical edges.
The movement of the end points in 
z-direction is creating the 
gathering, as shown in figure 13. 
The advantages of this idea are a 
small path of movement and a 
larger opening. Furthermore, it is 
an autonomous form of air 
ventilation control and causes the 
thin ribbons or wires to be discreet 
in design solutions.
The self-regulating air ventilation 
system is designed as a 
double-skin-façade, the interspace 
can be cooled using the 
stackeffect, especially in the case 
of overheating in summer.
 

Figure 13 Opening process for air 
ventilation, a) closed, b) opening 
process, c) opened / JRC
 
Thin film photovoltaic
A combination of energy and 
shade production were the goals 
of Sheila Kennedy’s Soft House. 
[13] These aspects were the initial 
idea for using thin glass elements 
as façade with vapor-deposited 
thin film photovoltaic technology. 
The advantages are powerful: 
adaptable orientation of the 
modules due to sun position and 
the production of energy in 
connection with shading, as can 
be seen in figure 14.

Figure 14 Opening process for 
energy harvesting of PV elements, 
a) morning, b) noon, c) evening / 
JRC
This application is mainly used for 
southorientated façades. The 
o u t e r l a y e r o f t h e 
double-skin-façade is triggered to 
enable the tracing of the solar 
altitude.
 

Figure 15 Kinematics of the façade 
system / JRC
The initial form of the thin glass 
element is a part of a cylinder. By 
defining a rotation point in the 
centre of the fixing rails on the top 
and the bottom of each element, a 
minimum movement is needed to 
change the direction of the 
surface, see in figure 15, therefore 
less energy and time is needed to 
adjust each element to the optimal 
position concerning the incidence 
angle of current sunlight.
The concept takes advantages of 

shape and material properties of 
th in g lass to produce 
environmentally friendly energy 
but also provides flexible design 
options for façades as the 
resulting conical forms offer a 
various amount of different 
appearances.
 
Conclusion
The aim of this research work is to 
find new fields of application for 
thin glass in buildings. One kind of 
new application is the field of 
movable and adaptive systems. 
Due to the high flexibility of thin 
glass, new design options for 
example of facades become 
feasible in comparison to regular 
thicknesses of glass. Based on the 
known theory of developable 
surface new kinds of “organic” 
facades can be designed.
With cold bend glass or curved 
laminated safety glass produced 
by laminating glass plies, very 
interesting elements in the 
facades can be achieved. 
Possibilities of movement, with the 
meaning of a permanent bending 
of thin glass, for example for 
elements of the façade which can 
be opened and closed, creates 
new tools for the design process of 
architects.
The research work in future will 
explore new fields of application 
for thin glass. These new 
applications should be categorized 
according to their concept, for 
example, the theory of 
developable surfaces or curved 
folding. Based on the two basic 
types of movement - translation 
and rotation and their combination 
– new “lively” systems of thin glass 
structures will be developed.
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delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!



delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

Counting of Fragments in Tempered 
Glass Fragmentation Test

The fragment count in the 
standardized fragmentation test in 
the standard EN 12150-1 is the 
way to define the safety level of 
tempered glass and a way to also 
get an indication about the stress 
and strength level of the tempered 
glass.

Even though the way to count the 
number of fragments is defined in 
the standard by example, the 
actual result always depends on 
the examiner. To make the 
counting consistent across the 
examinations and examiners, an 
automated process of fragment 
counting is needed. This makes it 
a perfect application for a 
computer vision system since 
computer never tires or loses its 
objectiveness. Systems for 
automated fragment counting 
already exist, but they have 
severe limitations

Modern tools and technologies 
have revolutionized the field of 
computer vision in recent years. 
Mainly this is due to the advances 
in convolutional neural networks, 
which are especially suitable for 
extracting patterns and 
information from visual imagery. 
To make fragment counting 
systems more flexible, faster and 
cheaper, these recent advances in 
computer vision allow automated 
computer vision system to be 
implemented even on a mobile 
smartphone.
 
Introduction

Tempered glass is produced by 
the heat treatment process where 
glass pane is first heated beyond 
its transition temperature and then 
subsequently cooled rapidly to 
produce a temperature gradient 
through the thickness. The aim is 
to freeze the glass when the glass 
has temperature gradient and then 
after when temperature gets 
uniform the residual state is a 
parabolic stress profile through the 
glass thickness. Tempered glass is 
in compression at the surface and 
in tension in the core of the glass.
Tempered glass has two 
advantages compared to 
annealed float glass. Firstly, the 
strength of the glass for bending 
and impacts is increased with the 
compressive stress in surface and 
secondly, in breakage the glass 
fractures into small harmless 
particles due to high induced 
strain-energy. Due to these 
advantages tempered glass is also 
called as a safety glass.

The destructive test and the 
fragmentation due to breakage is 
the way to define the stress and 
safety level of the tempered glass. 
The fragmentation shows several 
things from the stresses, e.g. the 
stress level and the uniformity of 
the stresses. In the standard EN 
12150-1 [1] has defined the punch 
test where 1100 x 360 mm² size 
tempered glass is impacted with a 
pointed tool at the mid-point of the 
longest edge.

From the breakage pattern, the 
number of the particles in the 50 x 
50 mm² area is counted from the 
minimum fragment count area. 
The standard defines the minimum 
level of the fragments for different 
glass thicknesses for the safety of 
the architectural glass. Automotive 
glass has similar ECE R43 [2] 
standard for safe fragmentation. In 
comparison to EN 12150-1 

standard, in the ECE R43 
standard glass is impacted at the 
center area of the glass.

The fragmentation of the glass and 
its connection to the stress level 
has been studied already in the 
1960s, an example being the 
well-known results from Akeyoshi 
et al. [3]. They defined the 
relationship between the number 
of fragments and the midplane 
tensile stress level for different 
glass thicknesses between 1.8 
mm and 8.2 mm.

In 1968, Barsom [4] also published 
the results about the correlation of 
the center tension and average 
particle weight in tempered glass. 
Recently, studies have been 
published by Pourmoghaddam & 
Schneider [5] and 
Pourmoghaddam et al. [6] which 
define the relationship between 
the stress level and the 
fragmentation as also predicts the 
shape and distribution of 
fragments based on stress level 
and impact point.

The counting of fragments is 
essentially a visual task, where the 
human operator uses his brains 
very efficiently to separate 
individual shards from the broken 
glass. For a human, this task 
seems very easy and it is easy to 
forget how such a task requires 
very sophisticated and 
well-developed pattern recognition 
abilities, which is the very purpose 
our brains have developed for. The 
definition to count the number of 
fragments is simple and shown as 
an example in standard EN 
12150-1 [1].

However, while the task may seem 
easy, it is very laborious and 
timeconsuming. The counting 
process is also very repetitive and 
prone to human errors due to lack 

of concentration and fatigue. Due 
to that it possible that counting 
results may and vary across 
examiners. Especially, when the 
fragment number is high, the size 
of fragments is small and by the 
human eye it might be difficult to 
define which are the smallest 
fragments to count and which 
fragments are inside the counting 
area.

In the traditional automated 
process, the photo of the 
fragmentation pattern is 
processed and analyzed with 
image analyzing tools [7]. There 
are equipment for automated 
fragment counting based on image 
analysis like CulletScanner from 
SoftSolution and FROG:Fragment 
recognizer of glass by Deltamax.
Recently, the machine learning 
has revolutionized the field of 
computer vision, as deep neural 
networks are able to learn very 
abstract representations of the 
underlying data. This gives new 
tools to analyze fragmentation 
patterns. However, deep neural 
networks need a good amount of 
wellannotated data. This is the 
time-consuming part to make a 
good model for particle counting.
In this paper, the focus is to 
present a novel way to count the 
fragments in the tempered glass 
by using the latest advances in the 
field of machine learning. Also, the 
importance of the annotation of the 
data for deep learning is 
presented. Before the machine 
learning chapter, the background 
about the glass breakage is 
presented to better understand the 
problems of the counting of the 
number of fragments in tempered 
glass.
 
Theory of glass fragmentation
The glass fragmentation after 
breakage is mainly stress 
dependent. In the fragmentation 
process, the growth of the cracks 
can be divided into the two parts. 
Firstly, the glass needs a high 
enough stress level for cracks to 
grow spontaneously. This stress 
level is needed already from the 
heat strengthened glass when all 

the cracks should grow to the 
edge. Secondly, from the 
tempered glass, the bifurcation of 
the cracks is needed for the high 
fragment count. This bifurcation 
phenomenon needs higher 
induced stress level. [8]

The initial fracture point and 
external support or force affect the 
fragmentation of the glass. These 
things have an influence on the 
stress distribution on the crack tips 
and due to that, the fragmentation 
pattern changes. [8,9] Due to this, 
the initial fracture point is defined 
in the standard. The time after the 
breakage when the number of the 
fragments should count is set to 3 
to 5 minutes in the EN 12150- 1 
standard [1]. This is also important 
to take into consideration because 
after the initial crack propagations 
secondary cracks are forming. 
These secondary cracks are 
usually in perpendicular to initial 
crack edges and the number of 
those is also dependent on the 
initial stress state.

Fragmentation of the thin and thick 
glasses are similar. However, for 
thicker glasses, the crack edges 
are rougher than for thinner 
glasses. Also, for thick glass, the 
fracture edge surface can be tilted. 
The typical fracture pattern of 4 
mm and 10 mm nominal thickness 
glasses are shown later as an 
example in Figures 9 and 10, 
respectively. The rougher crack 
edge causes the wider crack line 
and the tilted crack surface can be 
seen as a white area due to the 
high scattered reflection of the 
light from the crack surface. These 
both can affect the counting of 
fragments.

One approach to fragment count is 
to define the relationship between 
the residual stress level of the 
glass and the fragment count. This 
is important if the optical stress 
measurement equipment is used 
for quality check of the tempered 
glasses. The relationship between 
scattered light polariscope 
(SCALP-05) [10] measured 
mid-plane tensile stress and 

counted fragment number is 
shown in Figure 1. The tests are 
done with 1100 x 360 mm² glass 
sizes. The experimental data is 
compared to the data by Akeyoshi 
et al. [3]. The experimental results 
by authors give higher 
fragmentation level for glasses 
comparing to data by Akeyoshi et 
al. [3].

 

Figure 1. Relationship between 
mid-plane tensile stress and the 
number of fragments in 50 x 50 
mm2 area. The experimental 
results for 4 mm, 6 mm, 8 mm and 
10 mm nominal glass thicknesses 
(dots) and comparison data from 
Akeyoshi et al. [3] for 1.8 mm, 3.0 
mm, 3.4 mm, 4.9 mm and 8.2 mm 
glass thicknesses.
 
Automating the counting of 
fragments with machine vision
Convolutional neural networks 
(CNN) have for long been 
dominating the field of image 
classification and object 
recognition. In 2012, a deep 
convolutional neural network 
(DCNN) first reached 
state-of-the-art performance in 
ImageNet Large Scale Visual 
Recognition Competition 
(ILSVRC) [11]. The breakthrough 
that DCNNs brought was that no 
longer sophisticated, hand-crafted 
features of the input space were 
required.

Before deep learning, a typical 
image classification pipeline would 
consist of a classifier trained with 
the hand-crafted features. This 
has some problems since humans 
are not necessarily very efficient at 
defining the features that best 
distinguish the input classes. The 
advantage of deep learning is that 
the task-specific features are 
automatically extracted by the 

network and it can be directly 
trained end-to-end, from input 
images to output classes.

However, glass fragment 
segmentation is not simply an 
image classification problem. 
Rather, it is a pixel classification 
problem. The process where each 
pixel in the input image is 
classified to a certain class is 
called semantic segmentation. 
After the breakthrough of deep 
learning, it did not take long until 
the new technologies could be 
transferred from image 
classification to semantic 
segmentation.

The problem is that classification 
networks have very low output 
resolution since the output is 
defined simply as a vector of class 
probabilities. In semantic 
segmentation, however, the output 
resolution should be as high as the 
input image resolution. The work 
by Long et al. [12] showed that the 
existing classification networks 
could be transferred into semantic 
segmentation networks. That was 
done by casting the classification 
into fully connected neural 
networks (FCNN) by adding an 
in-network upsampling and a 
pixelwise loss.
The work by Long et al. was still 
only a first step toward 
high-performance semantic 
segmentation. Since then, more 
sophisticated networks have 
continuously pushed the 
stateof-the-art performance. As of 
2018, the best performing 
semantic segmentation network is 
DeepLab v3+ by Google [13], 
which is also adopted in this work 
to the task of glass fragment 
segmentation.
 
Theory
The theory behind the fragment 
counting pipeline used in this work 
is presented in Figure 2. The 
pipeline consists of Google’s 
DeepLab v3+ system to perform 
the segmentation and a 
postprocessing algorithm to do the 
actual counting.

 

Figure 2. Fragment counting 
pipeline.
The DCNN, ASPP and DECODER 
block in Figure 2 are parts of the 
DeepLab v3+ system. The 
encoder is a standard deep 
convolutional neural network 
which is used as a feature 
extracting part of the network. In 
particular, a residual network 
architecture [14] is used in this 
work. The output of the encoder is 
directed to an atrous spatial 
pyramid pooling (ASPP) module, 
which samples the feature map 
with different receptive fields (field 
of view) to capture the multi-scale 
context.

A decoder is used to restore the 
spatial resolution of the input 
image. The decoder essentially 
combines the low-resolution, rich 
semantic information from the 
ASPP module with the 
high-resolution spatial information 
from the encoder module. The 
result is a high-resolution 
segmentation mask of the original 
raw input image.

The segmentation mask given by 
the DeepLab system is further 
post-processed to obtain the 
fragment count. Each fragment 
instance is thresholded such that 
any small connections between 
adjacent shards are removed. 
After this, the fragment count can 
be obtained trivially by counting 
every connected region in the 
binary segmentation mask.
 
Data annotation
Modern deep learning neural 
networks rely heavily on the 
amount of data they can utilize 
during training. They adjust their 
internal representation of the 
problem by iterating over the 

dataset multiple times. With very 
sparse data, this leads to a 
possibly overfitted model that has 
only learned a very specific set of 
data. This kind of model is usually 
unable to generalize to the whole 
domain of the problem, making it 
unusable in a wider range of 
applications.

This case is no different. However, 
in the case of glass fragment 
segmentation, the dataset is much 
simpler than for example general 
images gathered from the internet. 
In glass segmentation, only one 
class of objects is presented: the 
fragment itself. The neural network 
model has to learn how to 
distinguish between a fragment 
and non-fragment regions. An 
example of a widely used, more 
complex dataset is ImageNet, 
which contains over 15 million 
images belonging to roughly 22 
000 different categories [15]. The 
images are collected from the 
internet and annotated by 
humans. Modern neural networks 
have shown human-level 
performance even on very 
challenging datasets such as 
ImageNet [16].

Data annotation is very time 
consuming and expensive due to 
the need for human labor. The 
amount of data is usually a 
bottleneck in model performance, 
especially when applied to a 
specific task and no freely 
available datasets can be utilized. 
Glass fragmentation is an example 
of such a problem. For the model 
to learn how to segment the 
fragments, it must be shown 
numerous examples of correct, or 
ground truth, segmentations.
 
Annotation process
In Figure 3, examples of ground 
truth segmentations are shown. 
These examples are 
human-crafted, and each sample 
requires around 10-30 minutes of 
time, depending on the experience 
of the annotator. The annotation 
process is quite simple: each 
fragment is labeled with a polygon 
by defining its vertices.

As it can be seen from the 
samples, the process is also highly 
subjective. Each person does the 
segmentation somewhat 
differently. However, the 
annotation should be done such 
that sufficiently wide gaps are left 
between any adjacent polygons. 
This enforces the model to reliably 
separate adjacent shards, which is 
critical to obtain quantities such as 
the shard count. In a raw image, 
the shard edge might sometimes 
only be a few pixels wide and 
practically indistinguishable from 
the background. In these cases, 
wider gaps are left between the 
label polygons.

 

Figure 3. Samples of raw images 
and corresponding ground truth 
annotations for different glass 
categories.
 
Experiment on the subjectivity of 
fragment counting
The task of fragment counting is 
very subjective by its nature. It is 
often not clear which areas of the 
broken glass can be counted as 
individual shards and even the 
standard does not give 
unambiguous instructions for it. 
Therefore, the actual person doing 
the fragmentation test can have a 
significant effect on the fragment 
count even when the fragments 
are counted from the same region. 
Even more, variation is introduced, 
when the individuals are required 
to choose the region of least 
fragments. In Figure 4, the area of 
interest for the fragmentation test 
defined by EN 12150-1 standard 
[1] is presented.
 

Figure 4. Area of interest in the 
fragmentation analysis. All areas 
inside the dashed line should be 

included in the analysis.
The subjective nature of fragment 
counting was experimentally 
investigated. The goal of the 
experiment was to investigate the 
variation in fragment counts 
across several human examiners. 
The test consisted of two test 
samples of thicknesses 4 mm and 
10 mm. Two glass thicknesses 
were chosen because the 
fragmentation pattern is very 
different for thin and thick glass. 
Thickness has a significant effect 
on breakage pattern and visual 
appearance of fragments. In 
general, it is easier to count 
fragments from thinner glass. The 
test was organized as follows. Two 
standard-sized (1100 x 360 mm²) 
tempered glasses with 4 mm and 
10 mm thicknesses were broken. 
Each individual counted the 
fragments from two separate 50 x 
50 mm² regions: one from the 
center of glass and one freely 
chosen region (inside the dashed 
line of Figure 4) of least fragments. 
The coordinates of freely chosen 
regions were also reported to 
compare how each individual finds 
the least cullets areas from the 
glass.

The fragmentation patterns of the 
4 mm and 10 mm test glasses are 
shown in Figures 5 and 6, 
respectively and the fragment 
counting results for both glasses 
are shown in Table 1. Also, the 
heatmaps for the fragment 
distribution for both samples are 
presented in Figures 6 and 7. On 
top of each heatmap, rectangles 
specifying the freely chosen areas 
are drawn.

 

Figure 5. Fragmentation pattern of 
4 mm test sample. 

Figure 6. Fragmentation pattern of 

10 mm test sample.

In the heatmaps, the blue color 
indicates a lower density of 
fragments while yellow color 
indicates higher density. In both 
cases, most of the examiners have 
chosen the area in the topright 
region, which is indeed the area of 
lowest fragment density within the 
allowed area of interest described 
in Figure 4. However, some 
examiners have ended up with 
different regions and it introduces 
further variation to the final 
fragment count for the sample.
 

Table 1. Results of an 
experimental test of fragment 
counting.

The results show that there is 
significant variation in fragment 
counts across human examiners, 
even when everyone counted 
fragments from the exact same 
region. Differences are even 
greater when the examiner freely 
chooses the area of least cullets.
For the 4 mm glass, the count of 
the AI model is within 1 standard 
deviation of the average human 
count. For 10 mm glass, it is 
slightly further away. However, this 
does not mean that the AI model is 
wrong since the task is highly 
subjective. The images of the 
center regions of the test samples 
are shown in Figures 7 and 8 and 
the corresponding overlay images 
of the AI segmentation are shown 
in Figures 9 and 10.

 

Figure 7. Heatmap of fragment 
distribution for 4 mm sample and 

red rectangles showing the freely 
chosen regions in the experiment. 

Figure 8. Heatmap of fragment 
distribution for 10 mm sample and 
red rectangles showing the freely 
chosen regions in the experiment.
The corresponding fragment 
counts of the AI model for 4 mm 
and 10 mm samples were 98 and 
68, respectively. These images 
demonstrate the difficulty of 
fragment counting: in the images, 
there are many small fragments 
that the AI system has counted as 
individual fragments and a human 
might not. This is especially true in 
the case of a 10 mm sample. In the 
segmentation image of the 10 mm 
sample, one can see that the AI 
system has included many small 
fragments to the final count, which 
is not wrong but results in a higher 

number than the average human 
examiner. One benefit of the 
automated system is that it is 
consistent in its decisions and the 
results do not vary due to 
tiredness, lack of concentration or 
other conditions affecting human 
examiners.
 
Summary
The difficulties of the fragment 
counting were experimentally 
investigated and results are 
presented in this paper. The 
results showed that fragment 
counting is not a trivial task and 
since there are no clear 
instructions for the process in the 
standards, the counting results 
may vary significantly across 
examiners. Relative standard 
deviations of the fragments for the 
center regions of 4 mm and 10 mm 
samples were 4.9% and 6.4%, 
respectively.

Additionally, the differences in 

counting is not the only thing 
affecting the final fragment count. 
The examiner must also determine 
the area of lowest fragment 
density, which introduces more 
variance. For the free chosen 
regions of 4 mm and 10 mm 
samples, the respective relative 
standard deviations were 8.0% 
and 9.9%.

A machine learning based 
approach to fragment counting is 
also presented in this paper. It was 
shown that modern deep learning 
and computer vision technologies 
are capable of accurately count 
fragments from an image of 
broken glass. An automated 
approach has the benefit of 
objective and consistent results. 
However, this kind of approach is 
highly dependent on the available 
data, which is cumbersome and 
expensive to obtain.



delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

The fragment count in the 
standardized fragmentation test in 
the standard EN 12150-1 is the 
way to define the safety level of 
tempered glass and a way to also 
get an indication about the stress 
and strength level of the tempered 
glass.

Even though the way to count the 
number of fragments is defined in 
the standard by example, the 
actual result always depends on 
the examiner. To make the 
counting consistent across the 
examinations and examiners, an 
automated process of fragment 
counting is needed. This makes it 
a perfect application for a 
computer vision system since 
computer never tires or loses its 
objectiveness. Systems for 
automated fragment counting 
already exist, but they have 
severe limitations

Modern tools and technologies 
have revolutionized the field of 
computer vision in recent years. 
Mainly this is due to the advances 
in convolutional neural networks, 
which are especially suitable for 
extracting patterns and 
information from visual imagery. 
To make fragment counting 
systems more flexible, faster and 
cheaper, these recent advances in 
computer vision allow automated 
computer vision system to be 
implemented even on a mobile 
smartphone.
 
Introduction

Tempered glass is produced by 
the heat treatment process where 
glass pane is first heated beyond 
its transition temperature and then 
subsequently cooled rapidly to 
produce a temperature gradient 
through the thickness. The aim is 
to freeze the glass when the glass 
has temperature gradient and then 
after when temperature gets 
uniform the residual state is a 
parabolic stress profile through the 
glass thickness. Tempered glass is 
in compression at the surface and 
in tension in the core of the glass.
Tempered glass has two 
advantages compared to 
annealed float glass. Firstly, the 
strength of the glass for bending 
and impacts is increased with the 
compressive stress in surface and 
secondly, in breakage the glass 
fractures into small harmless 
particles due to high induced 
strain-energy. Due to these 
advantages tempered glass is also 
called as a safety glass.

The destructive test and the 
fragmentation due to breakage is 
the way to define the stress and 
safety level of the tempered glass. 
The fragmentation shows several 
things from the stresses, e.g. the 
stress level and the uniformity of 
the stresses. In the standard EN 
12150-1 [1] has defined the punch 
test where 1100 x 360 mm² size 
tempered glass is impacted with a 
pointed tool at the mid-point of the 
longest edge.

From the breakage pattern, the 
number of the particles in the 50 x 
50 mm² area is counted from the 
minimum fragment count area. 
The standard defines the minimum 
level of the fragments for different 
glass thicknesses for the safety of 
the architectural glass. Automotive 
glass has similar ECE R43 [2] 
standard for safe fragmentation. In 
comparison to EN 12150-1 

standard, in the ECE R43 
standard glass is impacted at the 
center area of the glass.

The fragmentation of the glass and 
its connection to the stress level 
has been studied already in the 
1960s, an example being the 
well-known results from Akeyoshi 
et al. [3]. They defined the 
relationship between the number 
of fragments and the midplane 
tensile stress level for different 
glass thicknesses between 1.8 
mm and 8.2 mm.

In 1968, Barsom [4] also published 
the results about the correlation of 
the center tension and average 
particle weight in tempered glass. 
Recently, studies have been 
published by Pourmoghaddam & 
Schneider [5] and 
Pourmoghaddam et al. [6] which 
define the relationship between 
the stress level and the 
fragmentation as also predicts the 
shape and distribution of 
fragments based on stress level 
and impact point.

The counting of fragments is 
essentially a visual task, where the 
human operator uses his brains 
very efficiently to separate 
individual shards from the broken 
glass. For a human, this task 
seems very easy and it is easy to 
forget how such a task requires 
very sophisticated and 
well-developed pattern recognition 
abilities, which is the very purpose 
our brains have developed for. The 
definition to count the number of 
fragments is simple and shown as 
an example in standard EN 
12150-1 [1].

However, while the task may seem 
easy, it is very laborious and 
timeconsuming. The counting 
process is also very repetitive and 
prone to human errors due to lack 

of concentration and fatigue. Due 
to that it possible that counting 
results may and vary across 
examiners. Especially, when the 
fragment number is high, the size 
of fragments is small and by the 
human eye it might be difficult to 
define which are the smallest 
fragments to count and which 
fragments are inside the counting 
area.

In the traditional automated 
process, the photo of the 
fragmentation pattern is 
processed and analyzed with 
image analyzing tools [7]. There 
are equipment for automated 
fragment counting based on image 
analysis like CulletScanner from 
SoftSolution and FROG:Fragment 
recognizer of glass by Deltamax.
Recently, the machine learning 
has revolutionized the field of 
computer vision, as deep neural 
networks are able to learn very 
abstract representations of the 
underlying data. This gives new 
tools to analyze fragmentation 
patterns. However, deep neural 
networks need a good amount of 
wellannotated data. This is the 
time-consuming part to make a 
good model for particle counting.
In this paper, the focus is to 
present a novel way to count the 
fragments in the tempered glass 
by using the latest advances in the 
field of machine learning. Also, the 
importance of the annotation of the 
data for deep learning is 
presented. Before the machine 
learning chapter, the background 
about the glass breakage is 
presented to better understand the 
problems of the counting of the 
number of fragments in tempered 
glass.
 
Theory of glass fragmentation
The glass fragmentation after 
breakage is mainly stress 
dependent. In the fragmentation 
process, the growth of the cracks 
can be divided into the two parts. 
Firstly, the glass needs a high 
enough stress level for cracks to 
grow spontaneously. This stress 
level is needed already from the 
heat strengthened glass when all 

the cracks should grow to the 
edge. Secondly, from the 
tempered glass, the bifurcation of 
the cracks is needed for the high 
fragment count. This bifurcation 
phenomenon needs higher 
induced stress level. [8]

The initial fracture point and 
external support or force affect the 
fragmentation of the glass. These 
things have an influence on the 
stress distribution on the crack tips 
and due to that, the fragmentation 
pattern changes. [8,9] Due to this, 
the initial fracture point is defined 
in the standard. The time after the 
breakage when the number of the 
fragments should count is set to 3 
to 5 minutes in the EN 12150- 1 
standard [1]. This is also important 
to take into consideration because 
after the initial crack propagations 
secondary cracks are forming. 
These secondary cracks are 
usually in perpendicular to initial 
crack edges and the number of 
those is also dependent on the 
initial stress state.

Fragmentation of the thin and thick 
glasses are similar. However, for 
thicker glasses, the crack edges 
are rougher than for thinner 
glasses. Also, for thick glass, the 
fracture edge surface can be tilted. 
The typical fracture pattern of 4 
mm and 10 mm nominal thickness 
glasses are shown later as an 
example in Figures 9 and 10, 
respectively. The rougher crack 
edge causes the wider crack line 
and the tilted crack surface can be 
seen as a white area due to the 
high scattered reflection of the 
light from the crack surface. These 
both can affect the counting of 
fragments.

One approach to fragment count is 
to define the relationship between 
the residual stress level of the 
glass and the fragment count. This 
is important if the optical stress 
measurement equipment is used 
for quality check of the tempered 
glasses. The relationship between 
scattered light polariscope 
(SCALP-05) [10] measured 
mid-plane tensile stress and 

counted fragment number is 
shown in Figure 1. The tests are 
done with 1100 x 360 mm² glass 
sizes. The experimental data is 
compared to the data by Akeyoshi 
et al. [3]. The experimental results 
by authors give higher 
fragmentation level for glasses 
comparing to data by Akeyoshi et 
al. [3].

 

Figure 1. Relationship between 
mid-plane tensile stress and the 
number of fragments in 50 x 50 
mm2 area. The experimental 
results for 4 mm, 6 mm, 8 mm and 
10 mm nominal glass thicknesses 
(dots) and comparison data from 
Akeyoshi et al. [3] for 1.8 mm, 3.0 
mm, 3.4 mm, 4.9 mm and 8.2 mm 
glass thicknesses.
 
Automating the counting of 
fragments with machine vision
Convolutional neural networks 
(CNN) have for long been 
dominating the field of image 
classification and object 
recognition. In 2012, a deep 
convolutional neural network 
(DCNN) first reached 
state-of-the-art performance in 
ImageNet Large Scale Visual 
Recognition Competition 
(ILSVRC) [11]. The breakthrough 
that DCNNs brought was that no 
longer sophisticated, hand-crafted 
features of the input space were 
required.

Before deep learning, a typical 
image classification pipeline would 
consist of a classifier trained with 
the hand-crafted features. This 
has some problems since humans 
are not necessarily very efficient at 
defining the features that best 
distinguish the input classes. The 
advantage of deep learning is that 
the task-specific features are 
automatically extracted by the 

network and it can be directly 
trained end-to-end, from input 
images to output classes.

However, glass fragment 
segmentation is not simply an 
image classification problem. 
Rather, it is a pixel classification 
problem. The process where each 
pixel in the input image is 
classified to a certain class is 
called semantic segmentation. 
After the breakthrough of deep 
learning, it did not take long until 
the new technologies could be 
transferred from image 
classification to semantic 
segmentation.

The problem is that classification 
networks have very low output 
resolution since the output is 
defined simply as a vector of class 
probabilities. In semantic 
segmentation, however, the output 
resolution should be as high as the 
input image resolution. The work 
by Long et al. [12] showed that the 
existing classification networks 
could be transferred into semantic 
segmentation networks. That was 
done by casting the classification 
into fully connected neural 
networks (FCNN) by adding an 
in-network upsampling and a 
pixelwise loss.
The work by Long et al. was still 
only a first step toward 
high-performance semantic 
segmentation. Since then, more 
sophisticated networks have 
continuously pushed the 
stateof-the-art performance. As of 
2018, the best performing 
semantic segmentation network is 
DeepLab v3+ by Google [13], 
which is also adopted in this work 
to the task of glass fragment 
segmentation.
 
Theory
The theory behind the fragment 
counting pipeline used in this work 
is presented in Figure 2. The 
pipeline consists of Google’s 
DeepLab v3+ system to perform 
the segmentation and a 
postprocessing algorithm to do the 
actual counting.

 

Figure 2. Fragment counting 
pipeline.
The DCNN, ASPP and DECODER 
block in Figure 2 are parts of the 
DeepLab v3+ system. The 
encoder is a standard deep 
convolutional neural network 
which is used as a feature 
extracting part of the network. In 
particular, a residual network 
architecture [14] is used in this 
work. The output of the encoder is 
directed to an atrous spatial 
pyramid pooling (ASPP) module, 
which samples the feature map 
with different receptive fields (field 
of view) to capture the multi-scale 
context.

A decoder is used to restore the 
spatial resolution of the input 
image. The decoder essentially 
combines the low-resolution, rich 
semantic information from the 
ASPP module with the 
high-resolution spatial information 
from the encoder module. The 
result is a high-resolution 
segmentation mask of the original 
raw input image.

The segmentation mask given by 
the DeepLab system is further 
post-processed to obtain the 
fragment count. Each fragment 
instance is thresholded such that 
any small connections between 
adjacent shards are removed. 
After this, the fragment count can 
be obtained trivially by counting 
every connected region in the 
binary segmentation mask.
 
Data annotation
Modern deep learning neural 
networks rely heavily on the 
amount of data they can utilize 
during training. They adjust their 
internal representation of the 
problem by iterating over the 

dataset multiple times. With very 
sparse data, this leads to a 
possibly overfitted model that has 
only learned a very specific set of 
data. This kind of model is usually 
unable to generalize to the whole 
domain of the problem, making it 
unusable in a wider range of 
applications.

This case is no different. However, 
in the case of glass fragment 
segmentation, the dataset is much 
simpler than for example general 
images gathered from the internet. 
In glass segmentation, only one 
class of objects is presented: the 
fragment itself. The neural network 
model has to learn how to 
distinguish between a fragment 
and non-fragment regions. An 
example of a widely used, more 
complex dataset is ImageNet, 
which contains over 15 million 
images belonging to roughly 22 
000 different categories [15]. The 
images are collected from the 
internet and annotated by 
humans. Modern neural networks 
have shown human-level 
performance even on very 
challenging datasets such as 
ImageNet [16].

Data annotation is very time 
consuming and expensive due to 
the need for human labor. The 
amount of data is usually a 
bottleneck in model performance, 
especially when applied to a 
specific task and no freely 
available datasets can be utilized. 
Glass fragmentation is an example 
of such a problem. For the model 
to learn how to segment the 
fragments, it must be shown 
numerous examples of correct, or 
ground truth, segmentations.
 
Annotation process
In Figure 3, examples of ground 
truth segmentations are shown. 
These examples are 
human-crafted, and each sample 
requires around 10-30 minutes of 
time, depending on the experience 
of the annotator. The annotation 
process is quite simple: each 
fragment is labeled with a polygon 
by defining its vertices.

As it can be seen from the 
samples, the process is also highly 
subjective. Each person does the 
segmentation somewhat 
differently. However, the 
annotation should be done such 
that sufficiently wide gaps are left 
between any adjacent polygons. 
This enforces the model to reliably 
separate adjacent shards, which is 
critical to obtain quantities such as 
the shard count. In a raw image, 
the shard edge might sometimes 
only be a few pixels wide and 
practically indistinguishable from 
the background. In these cases, 
wider gaps are left between the 
label polygons.

 

Figure 3. Samples of raw images 
and corresponding ground truth 
annotations for different glass 
categories.
 
Experiment on the subjectivity of 
fragment counting
The task of fragment counting is 
very subjective by its nature. It is 
often not clear which areas of the 
broken glass can be counted as 
individual shards and even the 
standard does not give 
unambiguous instructions for it. 
Therefore, the actual person doing 
the fragmentation test can have a 
significant effect on the fragment 
count even when the fragments 
are counted from the same region. 
Even more, variation is introduced, 
when the individuals are required 
to choose the region of least 
fragments. In Figure 4, the area of 
interest for the fragmentation test 
defined by EN 12150-1 standard 
[1] is presented.
 

Figure 4. Area of interest in the 
fragmentation analysis. All areas 
inside the dashed line should be 

included in the analysis.
The subjective nature of fragment 
counting was experimentally 
investigated. The goal of the 
experiment was to investigate the 
variation in fragment counts 
across several human examiners. 
The test consisted of two test 
samples of thicknesses 4 mm and 
10 mm. Two glass thicknesses 
were chosen because the 
fragmentation pattern is very 
different for thin and thick glass. 
Thickness has a significant effect 
on breakage pattern and visual 
appearance of fragments. In 
general, it is easier to count 
fragments from thinner glass. The 
test was organized as follows. Two 
standard-sized (1100 x 360 mm²) 
tempered glasses with 4 mm and 
10 mm thicknesses were broken. 
Each individual counted the 
fragments from two separate 50 x 
50 mm² regions: one from the 
center of glass and one freely 
chosen region (inside the dashed 
line of Figure 4) of least fragments. 
The coordinates of freely chosen 
regions were also reported to 
compare how each individual finds 
the least cullets areas from the 
glass.

The fragmentation patterns of the 
4 mm and 10 mm test glasses are 
shown in Figures 5 and 6, 
respectively and the fragment 
counting results for both glasses 
are shown in Table 1. Also, the 
heatmaps for the fragment 
distribution for both samples are 
presented in Figures 6 and 7. On 
top of each heatmap, rectangles 
specifying the freely chosen areas 
are drawn.

 

Figure 5. Fragmentation pattern of 
4 mm test sample. 

Figure 6. Fragmentation pattern of 

10 mm test sample.

In the heatmaps, the blue color 
indicates a lower density of 
fragments while yellow color 
indicates higher density. In both 
cases, most of the examiners have 
chosen the area in the topright 
region, which is indeed the area of 
lowest fragment density within the 
allowed area of interest described 
in Figure 4. However, some 
examiners have ended up with 
different regions and it introduces 
further variation to the final 
fragment count for the sample.
 

Table 1. Results of an 
experimental test of fragment 
counting.

The results show that there is 
significant variation in fragment 
counts across human examiners, 
even when everyone counted 
fragments from the exact same 
region. Differences are even 
greater when the examiner freely 
chooses the area of least cullets.
For the 4 mm glass, the count of 
the AI model is within 1 standard 
deviation of the average human 
count. For 10 mm glass, it is 
slightly further away. However, this 
does not mean that the AI model is 
wrong since the task is highly 
subjective. The images of the 
center regions of the test samples 
are shown in Figures 7 and 8 and 
the corresponding overlay images 
of the AI segmentation are shown 
in Figures 9 and 10.

 

Figure 7. Heatmap of fragment 
distribution for 4 mm sample and 

red rectangles showing the freely 
chosen regions in the experiment. 

Figure 8. Heatmap of fragment 
distribution for 10 mm sample and 
red rectangles showing the freely 
chosen regions in the experiment.
The corresponding fragment 
counts of the AI model for 4 mm 
and 10 mm samples were 98 and 
68, respectively. These images 
demonstrate the difficulty of 
fragment counting: in the images, 
there are many small fragments 
that the AI system has counted as 
individual fragments and a human 
might not. This is especially true in 
the case of a 10 mm sample. In the 
segmentation image of the 10 mm 
sample, one can see that the AI 
system has included many small 
fragments to the final count, which 
is not wrong but results in a higher 

number than the average human 
examiner. One benefit of the 
automated system is that it is 
consistent in its decisions and the 
results do not vary due to 
tiredness, lack of concentration or 
other conditions affecting human 
examiners.
 
Summary
The difficulties of the fragment 
counting were experimentally 
investigated and results are 
presented in this paper. The 
results showed that fragment 
counting is not a trivial task and 
since there are no clear 
instructions for the process in the 
standards, the counting results 
may vary significantly across 
examiners. Relative standard 
deviations of the fragments for the 
center regions of 4 mm and 10 mm 
samples were 4.9% and 6.4%, 
respectively.

Additionally, the differences in 

counting is not the only thing 
affecting the final fragment count. 
The examiner must also determine 
the area of lowest fragment 
density, which introduces more 
variance. For the free chosen 
regions of 4 mm and 10 mm 
samples, the respective relative 
standard deviations were 8.0% 
and 9.9%.

A machine learning based 
approach to fragment counting is 
also presented in this paper. It was 
shown that modern deep learning 
and computer vision technologies 
are capable of accurately count 
fragments from an image of 
broken glass. An automated 
approach has the benefit of 
objective and consistent results. 
However, this kind of approach is 
highly dependent on the available 
data, which is cumbersome and 
expensive to obtain.



delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

The fragment count in the 
standardized fragmentation test in 
the standard EN 12150-1 is the 
way to define the safety level of 
tempered glass and a way to also 
get an indication about the stress 
and strength level of the tempered 
glass.

Even though the way to count the 
number of fragments is defined in 
the standard by example, the 
actual result always depends on 
the examiner. To make the 
counting consistent across the 
examinations and examiners, an 
automated process of fragment 
counting is needed. This makes it 
a perfect application for a 
computer vision system since 
computer never tires or loses its 
objectiveness. Systems for 
automated fragment counting 
already exist, but they have 
severe limitations

Modern tools and technologies 
have revolutionized the field of 
computer vision in recent years. 
Mainly this is due to the advances 
in convolutional neural networks, 
which are especially suitable for 
extracting patterns and 
information from visual imagery. 
To make fragment counting 
systems more flexible, faster and 
cheaper, these recent advances in 
computer vision allow automated 
computer vision system to be 
implemented even on a mobile 
smartphone.
 
Introduction

Tempered glass is produced by 
the heat treatment process where 
glass pane is first heated beyond 
its transition temperature and then 
subsequently cooled rapidly to 
produce a temperature gradient 
through the thickness. The aim is 
to freeze the glass when the glass 
has temperature gradient and then 
after when temperature gets 
uniform the residual state is a 
parabolic stress profile through the 
glass thickness. Tempered glass is 
in compression at the surface and 
in tension in the core of the glass.
Tempered glass has two 
advantages compared to 
annealed float glass. Firstly, the 
strength of the glass for bending 
and impacts is increased with the 
compressive stress in surface and 
secondly, in breakage the glass 
fractures into small harmless 
particles due to high induced 
strain-energy. Due to these 
advantages tempered glass is also 
called as a safety glass.

The destructive test and the 
fragmentation due to breakage is 
the way to define the stress and 
safety level of the tempered glass. 
The fragmentation shows several 
things from the stresses, e.g. the 
stress level and the uniformity of 
the stresses. In the standard EN 
12150-1 [1] has defined the punch 
test where 1100 x 360 mm² size 
tempered glass is impacted with a 
pointed tool at the mid-point of the 
longest edge.

From the breakage pattern, the 
number of the particles in the 50 x 
50 mm² area is counted from the 
minimum fragment count area. 
The standard defines the minimum 
level of the fragments for different 
glass thicknesses for the safety of 
the architectural glass. Automotive 
glass has similar ECE R43 [2] 
standard for safe fragmentation. In 
comparison to EN 12150-1 

standard, in the ECE R43 
standard glass is impacted at the 
center area of the glass.

The fragmentation of the glass and 
its connection to the stress level 
has been studied already in the 
1960s, an example being the 
well-known results from Akeyoshi 
et al. [3]. They defined the 
relationship between the number 
of fragments and the midplane 
tensile stress level for different 
glass thicknesses between 1.8 
mm and 8.2 mm.

In 1968, Barsom [4] also published 
the results about the correlation of 
the center tension and average 
particle weight in tempered glass. 
Recently, studies have been 
published by Pourmoghaddam & 
Schneider [5] and 
Pourmoghaddam et al. [6] which 
define the relationship between 
the stress level and the 
fragmentation as also predicts the 
shape and distribution of 
fragments based on stress level 
and impact point.

The counting of fragments is 
essentially a visual task, where the 
human operator uses his brains 
very efficiently to separate 
individual shards from the broken 
glass. For a human, this task 
seems very easy and it is easy to 
forget how such a task requires 
very sophisticated and 
well-developed pattern recognition 
abilities, which is the very purpose 
our brains have developed for. The 
definition to count the number of 
fragments is simple and shown as 
an example in standard EN 
12150-1 [1].

However, while the task may seem 
easy, it is very laborious and 
timeconsuming. The counting 
process is also very repetitive and 
prone to human errors due to lack 

of concentration and fatigue. Due 
to that it possible that counting 
results may and vary across 
examiners. Especially, when the 
fragment number is high, the size 
of fragments is small and by the 
human eye it might be difficult to 
define which are the smallest 
fragments to count and which 
fragments are inside the counting 
area.

In the traditional automated 
process, the photo of the 
fragmentation pattern is 
processed and analyzed with 
image analyzing tools [7]. There 
are equipment for automated 
fragment counting based on image 
analysis like CulletScanner from 
SoftSolution and FROG:Fragment 
recognizer of glass by Deltamax.
Recently, the machine learning 
has revolutionized the field of 
computer vision, as deep neural 
networks are able to learn very 
abstract representations of the 
underlying data. This gives new 
tools to analyze fragmentation 
patterns. However, deep neural 
networks need a good amount of 
wellannotated data. This is the 
time-consuming part to make a 
good model for particle counting.
In this paper, the focus is to 
present a novel way to count the 
fragments in the tempered glass 
by using the latest advances in the 
field of machine learning. Also, the 
importance of the annotation of the 
data for deep learning is 
presented. Before the machine 
learning chapter, the background 
about the glass breakage is 
presented to better understand the 
problems of the counting of the 
number of fragments in tempered 
glass.
 
Theory of glass fragmentation
The glass fragmentation after 
breakage is mainly stress 
dependent. In the fragmentation 
process, the growth of the cracks 
can be divided into the two parts. 
Firstly, the glass needs a high 
enough stress level for cracks to 
grow spontaneously. This stress 
level is needed already from the 
heat strengthened glass when all 

the cracks should grow to the 
edge. Secondly, from the 
tempered glass, the bifurcation of 
the cracks is needed for the high 
fragment count. This bifurcation 
phenomenon needs higher 
induced stress level. [8]

The initial fracture point and 
external support or force affect the 
fragmentation of the glass. These 
things have an influence on the 
stress distribution on the crack tips 
and due to that, the fragmentation 
pattern changes. [8,9] Due to this, 
the initial fracture point is defined 
in the standard. The time after the 
breakage when the number of the 
fragments should count is set to 3 
to 5 minutes in the EN 12150- 1 
standard [1]. This is also important 
to take into consideration because 
after the initial crack propagations 
secondary cracks are forming. 
These secondary cracks are 
usually in perpendicular to initial 
crack edges and the number of 
those is also dependent on the 
initial stress state.

Fragmentation of the thin and thick 
glasses are similar. However, for 
thicker glasses, the crack edges 
are rougher than for thinner 
glasses. Also, for thick glass, the 
fracture edge surface can be tilted. 
The typical fracture pattern of 4 
mm and 10 mm nominal thickness 
glasses are shown later as an 
example in Figures 9 and 10, 
respectively. The rougher crack 
edge causes the wider crack line 
and the tilted crack surface can be 
seen as a white area due to the 
high scattered reflection of the 
light from the crack surface. These 
both can affect the counting of 
fragments.

One approach to fragment count is 
to define the relationship between 
the residual stress level of the 
glass and the fragment count. This 
is important if the optical stress 
measurement equipment is used 
for quality check of the tempered 
glasses. The relationship between 
scattered light polariscope 
(SCALP-05) [10] measured 
mid-plane tensile stress and 

counted fragment number is 
shown in Figure 1. The tests are 
done with 1100 x 360 mm² glass 
sizes. The experimental data is 
compared to the data by Akeyoshi 
et al. [3]. The experimental results 
by authors give higher 
fragmentation level for glasses 
comparing to data by Akeyoshi et 
al. [3].

 

Figure 1. Relationship between 
mid-plane tensile stress and the 
number of fragments in 50 x 50 
mm2 area. The experimental 
results for 4 mm, 6 mm, 8 mm and 
10 mm nominal glass thicknesses 
(dots) and comparison data from 
Akeyoshi et al. [3] for 1.8 mm, 3.0 
mm, 3.4 mm, 4.9 mm and 8.2 mm 
glass thicknesses.
 
Automating the counting of 
fragments with machine vision
Convolutional neural networks 
(CNN) have for long been 
dominating the field of image 
classification and object 
recognition. In 2012, a deep 
convolutional neural network 
(DCNN) first reached 
state-of-the-art performance in 
ImageNet Large Scale Visual 
Recognition Competition 
(ILSVRC) [11]. The breakthrough 
that DCNNs brought was that no 
longer sophisticated, hand-crafted 
features of the input space were 
required.

Before deep learning, a typical 
image classification pipeline would 
consist of a classifier trained with 
the hand-crafted features. This 
has some problems since humans 
are not necessarily very efficient at 
defining the features that best 
distinguish the input classes. The 
advantage of deep learning is that 
the task-specific features are 
automatically extracted by the 

network and it can be directly 
trained end-to-end, from input 
images to output classes.

However, glass fragment 
segmentation is not simply an 
image classification problem. 
Rather, it is a pixel classification 
problem. The process where each 
pixel in the input image is 
classified to a certain class is 
called semantic segmentation. 
After the breakthrough of deep 
learning, it did not take long until 
the new technologies could be 
transferred from image 
classification to semantic 
segmentation.

The problem is that classification 
networks have very low output 
resolution since the output is 
defined simply as a vector of class 
probabilities. In semantic 
segmentation, however, the output 
resolution should be as high as the 
input image resolution. The work 
by Long et al. [12] showed that the 
existing classification networks 
could be transferred into semantic 
segmentation networks. That was 
done by casting the classification 
into fully connected neural 
networks (FCNN) by adding an 
in-network upsampling and a 
pixelwise loss.
The work by Long et al. was still 
only a first step toward 
high-performance semantic 
segmentation. Since then, more 
sophisticated networks have 
continuously pushed the 
stateof-the-art performance. As of 
2018, the best performing 
semantic segmentation network is 
DeepLab v3+ by Google [13], 
which is also adopted in this work 
to the task of glass fragment 
segmentation.
 
Theory
The theory behind the fragment 
counting pipeline used in this work 
is presented in Figure 2. The 
pipeline consists of Google’s 
DeepLab v3+ system to perform 
the segmentation and a 
postprocessing algorithm to do the 
actual counting.

 

Figure 2. Fragment counting 
pipeline.
The DCNN, ASPP and DECODER 
block in Figure 2 are parts of the 
DeepLab v3+ system. The 
encoder is a standard deep 
convolutional neural network 
which is used as a feature 
extracting part of the network. In 
particular, a residual network 
architecture [14] is used in this 
work. The output of the encoder is 
directed to an atrous spatial 
pyramid pooling (ASPP) module, 
which samples the feature map 
with different receptive fields (field 
of view) to capture the multi-scale 
context.

A decoder is used to restore the 
spatial resolution of the input 
image. The decoder essentially 
combines the low-resolution, rich 
semantic information from the 
ASPP module with the 
high-resolution spatial information 
from the encoder module. The 
result is a high-resolution 
segmentation mask of the original 
raw input image.

The segmentation mask given by 
the DeepLab system is further 
post-processed to obtain the 
fragment count. Each fragment 
instance is thresholded such that 
any small connections between 
adjacent shards are removed. 
After this, the fragment count can 
be obtained trivially by counting 
every connected region in the 
binary segmentation mask.
 
Data annotation
Modern deep learning neural 
networks rely heavily on the 
amount of data they can utilize 
during training. They adjust their 
internal representation of the 
problem by iterating over the 

dataset multiple times. With very 
sparse data, this leads to a 
possibly overfitted model that has 
only learned a very specific set of 
data. This kind of model is usually 
unable to generalize to the whole 
domain of the problem, making it 
unusable in a wider range of 
applications.

This case is no different. However, 
in the case of glass fragment 
segmentation, the dataset is much 
simpler than for example general 
images gathered from the internet. 
In glass segmentation, only one 
class of objects is presented: the 
fragment itself. The neural network 
model has to learn how to 
distinguish between a fragment 
and non-fragment regions. An 
example of a widely used, more 
complex dataset is ImageNet, 
which contains over 15 million 
images belonging to roughly 22 
000 different categories [15]. The 
images are collected from the 
internet and annotated by 
humans. Modern neural networks 
have shown human-level 
performance even on very 
challenging datasets such as 
ImageNet [16].

Data annotation is very time 
consuming and expensive due to 
the need for human labor. The 
amount of data is usually a 
bottleneck in model performance, 
especially when applied to a 
specific task and no freely 
available datasets can be utilized. 
Glass fragmentation is an example 
of such a problem. For the model 
to learn how to segment the 
fragments, it must be shown 
numerous examples of correct, or 
ground truth, segmentations.
 
Annotation process
In Figure 3, examples of ground 
truth segmentations are shown. 
These examples are 
human-crafted, and each sample 
requires around 10-30 minutes of 
time, depending on the experience 
of the annotator. The annotation 
process is quite simple: each 
fragment is labeled with a polygon 
by defining its vertices.

As it can be seen from the 
samples, the process is also highly 
subjective. Each person does the 
segmentation somewhat 
differently. However, the 
annotation should be done such 
that sufficiently wide gaps are left 
between any adjacent polygons. 
This enforces the model to reliably 
separate adjacent shards, which is 
critical to obtain quantities such as 
the shard count. In a raw image, 
the shard edge might sometimes 
only be a few pixels wide and 
practically indistinguishable from 
the background. In these cases, 
wider gaps are left between the 
label polygons.

 

Figure 3. Samples of raw images 
and corresponding ground truth 
annotations for different glass 
categories.
 
Experiment on the subjectivity of 
fragment counting
The task of fragment counting is 
very subjective by its nature. It is 
often not clear which areas of the 
broken glass can be counted as 
individual shards and even the 
standard does not give 
unambiguous instructions for it. 
Therefore, the actual person doing 
the fragmentation test can have a 
significant effect on the fragment 
count even when the fragments 
are counted from the same region. 
Even more, variation is introduced, 
when the individuals are required 
to choose the region of least 
fragments. In Figure 4, the area of 
interest for the fragmentation test 
defined by EN 12150-1 standard 
[1] is presented.
 

Figure 4. Area of interest in the 
fragmentation analysis. All areas 
inside the dashed line should be 

included in the analysis.
The subjective nature of fragment 
counting was experimentally 
investigated. The goal of the 
experiment was to investigate the 
variation in fragment counts 
across several human examiners. 
The test consisted of two test 
samples of thicknesses 4 mm and 
10 mm. Two glass thicknesses 
were chosen because the 
fragmentation pattern is very 
different for thin and thick glass. 
Thickness has a significant effect 
on breakage pattern and visual 
appearance of fragments. In 
general, it is easier to count 
fragments from thinner glass. The 
test was organized as follows. Two 
standard-sized (1100 x 360 mm²) 
tempered glasses with 4 mm and 
10 mm thicknesses were broken. 
Each individual counted the 
fragments from two separate 50 x 
50 mm² regions: one from the 
center of glass and one freely 
chosen region (inside the dashed 
line of Figure 4) of least fragments. 
The coordinates of freely chosen 
regions were also reported to 
compare how each individual finds 
the least cullets areas from the 
glass.

The fragmentation patterns of the 
4 mm and 10 mm test glasses are 
shown in Figures 5 and 6, 
respectively and the fragment 
counting results for both glasses 
are shown in Table 1. Also, the 
heatmaps for the fragment 
distribution for both samples are 
presented in Figures 6 and 7. On 
top of each heatmap, rectangles 
specifying the freely chosen areas 
are drawn.

 

Figure 5. Fragmentation pattern of 
4 mm test sample. 

Figure 6. Fragmentation pattern of 

10 mm test sample.

In the heatmaps, the blue color 
indicates a lower density of 
fragments while yellow color 
indicates higher density. In both 
cases, most of the examiners have 
chosen the area in the topright 
region, which is indeed the area of 
lowest fragment density within the 
allowed area of interest described 
in Figure 4. However, some 
examiners have ended up with 
different regions and it introduces 
further variation to the final 
fragment count for the sample.
 

Table 1. Results of an 
experimental test of fragment 
counting.

The results show that there is 
significant variation in fragment 
counts across human examiners, 
even when everyone counted 
fragments from the exact same 
region. Differences are even 
greater when the examiner freely 
chooses the area of least cullets.
For the 4 mm glass, the count of 
the AI model is within 1 standard 
deviation of the average human 
count. For 10 mm glass, it is 
slightly further away. However, this 
does not mean that the AI model is 
wrong since the task is highly 
subjective. The images of the 
center regions of the test samples 
are shown in Figures 7 and 8 and 
the corresponding overlay images 
of the AI segmentation are shown 
in Figures 9 and 10.

 

Figure 7. Heatmap of fragment 
distribution for 4 mm sample and 

red rectangles showing the freely 
chosen regions in the experiment. 

Figure 8. Heatmap of fragment 
distribution for 10 mm sample and 
red rectangles showing the freely 
chosen regions in the experiment.
The corresponding fragment 
counts of the AI model for 4 mm 
and 10 mm samples were 98 and 
68, respectively. These images 
demonstrate the difficulty of 
fragment counting: in the images, 
there are many small fragments 
that the AI system has counted as 
individual fragments and a human 
might not. This is especially true in 
the case of a 10 mm sample. In the 
segmentation image of the 10 mm 
sample, one can see that the AI 
system has included many small 
fragments to the final count, which 
is not wrong but results in a higher 

number than the average human 
examiner. One benefit of the 
automated system is that it is 
consistent in its decisions and the 
results do not vary due to 
tiredness, lack of concentration or 
other conditions affecting human 
examiners.
 
Summary
The difficulties of the fragment 
counting were experimentally 
investigated and results are 
presented in this paper. The 
results showed that fragment 
counting is not a trivial task and 
since there are no clear 
instructions for the process in the 
standards, the counting results 
may vary significantly across 
examiners. Relative standard 
deviations of the fragments for the 
center regions of 4 mm and 10 mm 
samples were 4.9% and 6.4%, 
respectively.

Additionally, the differences in 

counting is not the only thing 
affecting the final fragment count. 
The examiner must also determine 
the area of lowest fragment 
density, which introduces more 
variance. For the free chosen 
regions of 4 mm and 10 mm 
samples, the respective relative 
standard deviations were 8.0% 
and 9.9%.

A machine learning based 
approach to fragment counting is 
also presented in this paper. It was 
shown that modern deep learning 
and computer vision technologies 
are capable of accurately count 
fragments from an image of 
broken glass. An automated 
approach has the benefit of 
objective and consistent results. 
However, this kind of approach is 
highly dependent on the available 
data, which is cumbersome and 
expensive to obtain.



delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

The fragment count in the 
standardized fragmentation test in 
the standard EN 12150-1 is the 
way to define the safety level of 
tempered glass and a way to also 
get an indication about the stress 
and strength level of the tempered 
glass.

Even though the way to count the 
number of fragments is defined in 
the standard by example, the 
actual result always depends on 
the examiner. To make the 
counting consistent across the 
examinations and examiners, an 
automated process of fragment 
counting is needed. This makes it 
a perfect application for a 
computer vision system since 
computer never tires or loses its 
objectiveness. Systems for 
automated fragment counting 
already exist, but they have 
severe limitations

Modern tools and technologies 
have revolutionized the field of 
computer vision in recent years. 
Mainly this is due to the advances 
in convolutional neural networks, 
which are especially suitable for 
extracting patterns and 
information from visual imagery. 
To make fragment counting 
systems more flexible, faster and 
cheaper, these recent advances in 
computer vision allow automated 
computer vision system to be 
implemented even on a mobile 
smartphone.
 
Introduction

Tempered glass is produced by 
the heat treatment process where 
glass pane is first heated beyond 
its transition temperature and then 
subsequently cooled rapidly to 
produce a temperature gradient 
through the thickness. The aim is 
to freeze the glass when the glass 
has temperature gradient and then 
after when temperature gets 
uniform the residual state is a 
parabolic stress profile through the 
glass thickness. Tempered glass is 
in compression at the surface and 
in tension in the core of the glass.
Tempered glass has two 
advantages compared to 
annealed float glass. Firstly, the 
strength of the glass for bending 
and impacts is increased with the 
compressive stress in surface and 
secondly, in breakage the glass 
fractures into small harmless 
particles due to high induced 
strain-energy. Due to these 
advantages tempered glass is also 
called as a safety glass.

The destructive test and the 
fragmentation due to breakage is 
the way to define the stress and 
safety level of the tempered glass. 
The fragmentation shows several 
things from the stresses, e.g. the 
stress level and the uniformity of 
the stresses. In the standard EN 
12150-1 [1] has defined the punch 
test where 1100 x 360 mm² size 
tempered glass is impacted with a 
pointed tool at the mid-point of the 
longest edge.

From the breakage pattern, the 
number of the particles in the 50 x 
50 mm² area is counted from the 
minimum fragment count area. 
The standard defines the minimum 
level of the fragments for different 
glass thicknesses for the safety of 
the architectural glass. Automotive 
glass has similar ECE R43 [2] 
standard for safe fragmentation. In 
comparison to EN 12150-1 

standard, in the ECE R43 
standard glass is impacted at the 
center area of the glass.

The fragmentation of the glass and 
its connection to the stress level 
has been studied already in the 
1960s, an example being the 
well-known results from Akeyoshi 
et al. [3]. They defined the 
relationship between the number 
of fragments and the midplane 
tensile stress level for different 
glass thicknesses between 1.8 
mm and 8.2 mm.

In 1968, Barsom [4] also published 
the results about the correlation of 
the center tension and average 
particle weight in tempered glass. 
Recently, studies have been 
published by Pourmoghaddam & 
Schneider [5] and 
Pourmoghaddam et al. [6] which 
define the relationship between 
the stress level and the 
fragmentation as also predicts the 
shape and distribution of 
fragments based on stress level 
and impact point.

The counting of fragments is 
essentially a visual task, where the 
human operator uses his brains 
very efficiently to separate 
individual shards from the broken 
glass. For a human, this task 
seems very easy and it is easy to 
forget how such a task requires 
very sophisticated and 
well-developed pattern recognition 
abilities, which is the very purpose 
our brains have developed for. The 
definition to count the number of 
fragments is simple and shown as 
an example in standard EN 
12150-1 [1].

However, while the task may seem 
easy, it is very laborious and 
timeconsuming. The counting 
process is also very repetitive and 
prone to human errors due to lack 

of concentration and fatigue. Due 
to that it possible that counting 
results may and vary across 
examiners. Especially, when the 
fragment number is high, the size 
of fragments is small and by the 
human eye it might be difficult to 
define which are the smallest 
fragments to count and which 
fragments are inside the counting 
area.

In the traditional automated 
process, the photo of the 
fragmentation pattern is 
processed and analyzed with 
image analyzing tools [7]. There 
are equipment for automated 
fragment counting based on image 
analysis like CulletScanner from 
SoftSolution and FROG:Fragment 
recognizer of glass by Deltamax.
Recently, the machine learning 
has revolutionized the field of 
computer vision, as deep neural 
networks are able to learn very 
abstract representations of the 
underlying data. This gives new 
tools to analyze fragmentation 
patterns. However, deep neural 
networks need a good amount of 
wellannotated data. This is the 
time-consuming part to make a 
good model for particle counting.
In this paper, the focus is to 
present a novel way to count the 
fragments in the tempered glass 
by using the latest advances in the 
field of machine learning. Also, the 
importance of the annotation of the 
data for deep learning is 
presented. Before the machine 
learning chapter, the background 
about the glass breakage is 
presented to better understand the 
problems of the counting of the 
number of fragments in tempered 
glass.
 
Theory of glass fragmentation
The glass fragmentation after 
breakage is mainly stress 
dependent. In the fragmentation 
process, the growth of the cracks 
can be divided into the two parts. 
Firstly, the glass needs a high 
enough stress level for cracks to 
grow spontaneously. This stress 
level is needed already from the 
heat strengthened glass when all 

the cracks should grow to the 
edge. Secondly, from the 
tempered glass, the bifurcation of 
the cracks is needed for the high 
fragment count. This bifurcation 
phenomenon needs higher 
induced stress level. [8]

The initial fracture point and 
external support or force affect the 
fragmentation of the glass. These 
things have an influence on the 
stress distribution on the crack tips 
and due to that, the fragmentation 
pattern changes. [8,9] Due to this, 
the initial fracture point is defined 
in the standard. The time after the 
breakage when the number of the 
fragments should count is set to 3 
to 5 minutes in the EN 12150- 1 
standard [1]. This is also important 
to take into consideration because 
after the initial crack propagations 
secondary cracks are forming. 
These secondary cracks are 
usually in perpendicular to initial 
crack edges and the number of 
those is also dependent on the 
initial stress state.

Fragmentation of the thin and thick 
glasses are similar. However, for 
thicker glasses, the crack edges 
are rougher than for thinner 
glasses. Also, for thick glass, the 
fracture edge surface can be tilted. 
The typical fracture pattern of 4 
mm and 10 mm nominal thickness 
glasses are shown later as an 
example in Figures 9 and 10, 
respectively. The rougher crack 
edge causes the wider crack line 
and the tilted crack surface can be 
seen as a white area due to the 
high scattered reflection of the 
light from the crack surface. These 
both can affect the counting of 
fragments.

One approach to fragment count is 
to define the relationship between 
the residual stress level of the 
glass and the fragment count. This 
is important if the optical stress 
measurement equipment is used 
for quality check of the tempered 
glasses. The relationship between 
scattered light polariscope 
(SCALP-05) [10] measured 
mid-plane tensile stress and 

counted fragment number is 
shown in Figure 1. The tests are 
done with 1100 x 360 mm² glass 
sizes. The experimental data is 
compared to the data by Akeyoshi 
et al. [3]. The experimental results 
by authors give higher 
fragmentation level for glasses 
comparing to data by Akeyoshi et 
al. [3].

 

Figure 1. Relationship between 
mid-plane tensile stress and the 
number of fragments in 50 x 50 
mm2 area. The experimental 
results for 4 mm, 6 mm, 8 mm and 
10 mm nominal glass thicknesses 
(dots) and comparison data from 
Akeyoshi et al. [3] for 1.8 mm, 3.0 
mm, 3.4 mm, 4.9 mm and 8.2 mm 
glass thicknesses.
 
Automating the counting of 
fragments with machine vision
Convolutional neural networks 
(CNN) have for long been 
dominating the field of image 
classification and object 
recognition. In 2012, a deep 
convolutional neural network 
(DCNN) first reached 
state-of-the-art performance in 
ImageNet Large Scale Visual 
Recognition Competition 
(ILSVRC) [11]. The breakthrough 
that DCNNs brought was that no 
longer sophisticated, hand-crafted 
features of the input space were 
required.

Before deep learning, a typical 
image classification pipeline would 
consist of a classifier trained with 
the hand-crafted features. This 
has some problems since humans 
are not necessarily very efficient at 
defining the features that best 
distinguish the input classes. The 
advantage of deep learning is that 
the task-specific features are 
automatically extracted by the 

network and it can be directly 
trained end-to-end, from input 
images to output classes.

However, glass fragment 
segmentation is not simply an 
image classification problem. 
Rather, it is a pixel classification 
problem. The process where each 
pixel in the input image is 
classified to a certain class is 
called semantic segmentation. 
After the breakthrough of deep 
learning, it did not take long until 
the new technologies could be 
transferred from image 
classification to semantic 
segmentation.

The problem is that classification 
networks have very low output 
resolution since the output is 
defined simply as a vector of class 
probabilities. In semantic 
segmentation, however, the output 
resolution should be as high as the 
input image resolution. The work 
by Long et al. [12] showed that the 
existing classification networks 
could be transferred into semantic 
segmentation networks. That was 
done by casting the classification 
into fully connected neural 
networks (FCNN) by adding an 
in-network upsampling and a 
pixelwise loss.
The work by Long et al. was still 
only a first step toward 
high-performance semantic 
segmentation. Since then, more 
sophisticated networks have 
continuously pushed the 
stateof-the-art performance. As of 
2018, the best performing 
semantic segmentation network is 
DeepLab v3+ by Google [13], 
which is also adopted in this work 
to the task of glass fragment 
segmentation.
 
Theory
The theory behind the fragment 
counting pipeline used in this work 
is presented in Figure 2. The 
pipeline consists of Google’s 
DeepLab v3+ system to perform 
the segmentation and a 
postprocessing algorithm to do the 
actual counting.

 

Figure 2. Fragment counting 
pipeline.
The DCNN, ASPP and DECODER 
block in Figure 2 are parts of the 
DeepLab v3+ system. The 
encoder is a standard deep 
convolutional neural network 
which is used as a feature 
extracting part of the network. In 
particular, a residual network 
architecture [14] is used in this 
work. The output of the encoder is 
directed to an atrous spatial 
pyramid pooling (ASPP) module, 
which samples the feature map 
with different receptive fields (field 
of view) to capture the multi-scale 
context.

A decoder is used to restore the 
spatial resolution of the input 
image. The decoder essentially 
combines the low-resolution, rich 
semantic information from the 
ASPP module with the 
high-resolution spatial information 
from the encoder module. The 
result is a high-resolution 
segmentation mask of the original 
raw input image.

The segmentation mask given by 
the DeepLab system is further 
post-processed to obtain the 
fragment count. Each fragment 
instance is thresholded such that 
any small connections between 
adjacent shards are removed. 
After this, the fragment count can 
be obtained trivially by counting 
every connected region in the 
binary segmentation mask.
 
Data annotation
Modern deep learning neural 
networks rely heavily on the 
amount of data they can utilize 
during training. They adjust their 
internal representation of the 
problem by iterating over the 

dataset multiple times. With very 
sparse data, this leads to a 
possibly overfitted model that has 
only learned a very specific set of 
data. This kind of model is usually 
unable to generalize to the whole 
domain of the problem, making it 
unusable in a wider range of 
applications.

This case is no different. However, 
in the case of glass fragment 
segmentation, the dataset is much 
simpler than for example general 
images gathered from the internet. 
In glass segmentation, only one 
class of objects is presented: the 
fragment itself. The neural network 
model has to learn how to 
distinguish between a fragment 
and non-fragment regions. An 
example of a widely used, more 
complex dataset is ImageNet, 
which contains over 15 million 
images belonging to roughly 22 
000 different categories [15]. The 
images are collected from the 
internet and annotated by 
humans. Modern neural networks 
have shown human-level 
performance even on very 
challenging datasets such as 
ImageNet [16].

Data annotation is very time 
consuming and expensive due to 
the need for human labor. The 
amount of data is usually a 
bottleneck in model performance, 
especially when applied to a 
specific task and no freely 
available datasets can be utilized. 
Glass fragmentation is an example 
of such a problem. For the model 
to learn how to segment the 
fragments, it must be shown 
numerous examples of correct, or 
ground truth, segmentations.
 
Annotation process
In Figure 3, examples of ground 
truth segmentations are shown. 
These examples are 
human-crafted, and each sample 
requires around 10-30 minutes of 
time, depending on the experience 
of the annotator. The annotation 
process is quite simple: each 
fragment is labeled with a polygon 
by defining its vertices.

As it can be seen from the 
samples, the process is also highly 
subjective. Each person does the 
segmentation somewhat 
differently. However, the 
annotation should be done such 
that sufficiently wide gaps are left 
between any adjacent polygons. 
This enforces the model to reliably 
separate adjacent shards, which is 
critical to obtain quantities such as 
the shard count. In a raw image, 
the shard edge might sometimes 
only be a few pixels wide and 
practically indistinguishable from 
the background. In these cases, 
wider gaps are left between the 
label polygons.

 

Figure 3. Samples of raw images 
and corresponding ground truth 
annotations for different glass 
categories.
 
Experiment on the subjectivity of 
fragment counting
The task of fragment counting is 
very subjective by its nature. It is 
often not clear which areas of the 
broken glass can be counted as 
individual shards and even the 
standard does not give 
unambiguous instructions for it. 
Therefore, the actual person doing 
the fragmentation test can have a 
significant effect on the fragment 
count even when the fragments 
are counted from the same region. 
Even more, variation is introduced, 
when the individuals are required 
to choose the region of least 
fragments. In Figure 4, the area of 
interest for the fragmentation test 
defined by EN 12150-1 standard 
[1] is presented.
 

Figure 4. Area of interest in the 
fragmentation analysis. All areas 
inside the dashed line should be 

included in the analysis.
The subjective nature of fragment 
counting was experimentally 
investigated. The goal of the 
experiment was to investigate the 
variation in fragment counts 
across several human examiners. 
The test consisted of two test 
samples of thicknesses 4 mm and 
10 mm. Two glass thicknesses 
were chosen because the 
fragmentation pattern is very 
different for thin and thick glass. 
Thickness has a significant effect 
on breakage pattern and visual 
appearance of fragments. In 
general, it is easier to count 
fragments from thinner glass. The 
test was organized as follows. Two 
standard-sized (1100 x 360 mm²) 
tempered glasses with 4 mm and 
10 mm thicknesses were broken. 
Each individual counted the 
fragments from two separate 50 x 
50 mm² regions: one from the 
center of glass and one freely 
chosen region (inside the dashed 
line of Figure 4) of least fragments. 
The coordinates of freely chosen 
regions were also reported to 
compare how each individual finds 
the least cullets areas from the 
glass.

The fragmentation patterns of the 
4 mm and 10 mm test glasses are 
shown in Figures 5 and 6, 
respectively and the fragment 
counting results for both glasses 
are shown in Table 1. Also, the 
heatmaps for the fragment 
distribution for both samples are 
presented in Figures 6 and 7. On 
top of each heatmap, rectangles 
specifying the freely chosen areas 
are drawn.

 

Figure 5. Fragmentation pattern of 
4 mm test sample. 

Figure 6. Fragmentation pattern of 

10 mm test sample.

In the heatmaps, the blue color 
indicates a lower density of 
fragments while yellow color 
indicates higher density. In both 
cases, most of the examiners have 
chosen the area in the topright 
region, which is indeed the area of 
lowest fragment density within the 
allowed area of interest described 
in Figure 4. However, some 
examiners have ended up with 
different regions and it introduces 
further variation to the final 
fragment count for the sample.
 

Table 1. Results of an 
experimental test of fragment 
counting.

The results show that there is 
significant variation in fragment 
counts across human examiners, 
even when everyone counted 
fragments from the exact same 
region. Differences are even 
greater when the examiner freely 
chooses the area of least cullets.
For the 4 mm glass, the count of 
the AI model is within 1 standard 
deviation of the average human 
count. For 10 mm glass, it is 
slightly further away. However, this 
does not mean that the AI model is 
wrong since the task is highly 
subjective. The images of the 
center regions of the test samples 
are shown in Figures 7 and 8 and 
the corresponding overlay images 
of the AI segmentation are shown 
in Figures 9 and 10.

 

Figure 7. Heatmap of fragment 
distribution for 4 mm sample and 

red rectangles showing the freely 
chosen regions in the experiment. 

Figure 8. Heatmap of fragment 
distribution for 10 mm sample and 
red rectangles showing the freely 
chosen regions in the experiment.
The corresponding fragment 
counts of the AI model for 4 mm 
and 10 mm samples were 98 and 
68, respectively. These images 
demonstrate the difficulty of 
fragment counting: in the images, 
there are many small fragments 
that the AI system has counted as 
individual fragments and a human 
might not. This is especially true in 
the case of a 10 mm sample. In the 
segmentation image of the 10 mm 
sample, one can see that the AI 
system has included many small 
fragments to the final count, which 
is not wrong but results in a higher 

number than the average human 
examiner. One benefit of the 
automated system is that it is 
consistent in its decisions and the 
results do not vary due to 
tiredness, lack of concentration or 
other conditions affecting human 
examiners.
 
Summary
The difficulties of the fragment 
counting were experimentally 
investigated and results are 
presented in this paper. The 
results showed that fragment 
counting is not a trivial task and 
since there are no clear 
instructions for the process in the 
standards, the counting results 
may vary significantly across 
examiners. Relative standard 
deviations of the fragments for the 
center regions of 4 mm and 10 mm 
samples were 4.9% and 6.4%, 
respectively.

Additionally, the differences in 

counting is not the only thing 
affecting the final fragment count. 
The examiner must also determine 
the area of lowest fragment 
density, which introduces more 
variance. For the free chosen 
regions of 4 mm and 10 mm 
samples, the respective relative 
standard deviations were 8.0% 
and 9.9%.

A machine learning based 
approach to fragment counting is 
also presented in this paper. It was 
shown that modern deep learning 
and computer vision technologies 
are capable of accurately count 
fragments from an image of 
broken glass. An automated 
approach has the benefit of 
objective and consistent results. 
However, this kind of approach is 
highly dependent on the available 
data, which is cumbersome and 
expensive to obtain.



delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

The fragment count in the 
standardized fragmentation test in 
the standard EN 12150-1 is the 
way to define the safety level of 
tempered glass and a way to also 
get an indication about the stress 
and strength level of the tempered 
glass.

Even though the way to count the 
number of fragments is defined in 
the standard by example, the 
actual result always depends on 
the examiner. To make the 
counting consistent across the 
examinations and examiners, an 
automated process of fragment 
counting is needed. This makes it 
a perfect application for a 
computer vision system since 
computer never tires or loses its 
objectiveness. Systems for 
automated fragment counting 
already exist, but they have 
severe limitations

Modern tools and technologies 
have revolutionized the field of 
computer vision in recent years. 
Mainly this is due to the advances 
in convolutional neural networks, 
which are especially suitable for 
extracting patterns and 
information from visual imagery. 
To make fragment counting 
systems more flexible, faster and 
cheaper, these recent advances in 
computer vision allow automated 
computer vision system to be 
implemented even on a mobile 
smartphone.
 
Introduction

Tempered glass is produced by 
the heat treatment process where 
glass pane is first heated beyond 
its transition temperature and then 
subsequently cooled rapidly to 
produce a temperature gradient 
through the thickness. The aim is 
to freeze the glass when the glass 
has temperature gradient and then 
after when temperature gets 
uniform the residual state is a 
parabolic stress profile through the 
glass thickness. Tempered glass is 
in compression at the surface and 
in tension in the core of the glass.
Tempered glass has two 
advantages compared to 
annealed float glass. Firstly, the 
strength of the glass for bending 
and impacts is increased with the 
compressive stress in surface and 
secondly, in breakage the glass 
fractures into small harmless 
particles due to high induced 
strain-energy. Due to these 
advantages tempered glass is also 
called as a safety glass.

The destructive test and the 
fragmentation due to breakage is 
the way to define the stress and 
safety level of the tempered glass. 
The fragmentation shows several 
things from the stresses, e.g. the 
stress level and the uniformity of 
the stresses. In the standard EN 
12150-1 [1] has defined the punch 
test where 1100 x 360 mm² size 
tempered glass is impacted with a 
pointed tool at the mid-point of the 
longest edge.

From the breakage pattern, the 
number of the particles in the 50 x 
50 mm² area is counted from the 
minimum fragment count area. 
The standard defines the minimum 
level of the fragments for different 
glass thicknesses for the safety of 
the architectural glass. Automotive 
glass has similar ECE R43 [2] 
standard for safe fragmentation. In 
comparison to EN 12150-1 

standard, in the ECE R43 
standard glass is impacted at the 
center area of the glass.

The fragmentation of the glass and 
its connection to the stress level 
has been studied already in the 
1960s, an example being the 
well-known results from Akeyoshi 
et al. [3]. They defined the 
relationship between the number 
of fragments and the midplane 
tensile stress level for different 
glass thicknesses between 1.8 
mm and 8.2 mm.

In 1968, Barsom [4] also published 
the results about the correlation of 
the center tension and average 
particle weight in tempered glass. 
Recently, studies have been 
published by Pourmoghaddam & 
Schneider [5] and 
Pourmoghaddam et al. [6] which 
define the relationship between 
the stress level and the 
fragmentation as also predicts the 
shape and distribution of 
fragments based on stress level 
and impact point.

The counting of fragments is 
essentially a visual task, where the 
human operator uses his brains 
very efficiently to separate 
individual shards from the broken 
glass. For a human, this task 
seems very easy and it is easy to 
forget how such a task requires 
very sophisticated and 
well-developed pattern recognition 
abilities, which is the very purpose 
our brains have developed for. The 
definition to count the number of 
fragments is simple and shown as 
an example in standard EN 
12150-1 [1].

However, while the task may seem 
easy, it is very laborious and 
timeconsuming. The counting 
process is also very repetitive and 
prone to human errors due to lack 

of concentration and fatigue. Due 
to that it possible that counting 
results may and vary across 
examiners. Especially, when the 
fragment number is high, the size 
of fragments is small and by the 
human eye it might be difficult to 
define which are the smallest 
fragments to count and which 
fragments are inside the counting 
area.

In the traditional automated 
process, the photo of the 
fragmentation pattern is 
processed and analyzed with 
image analyzing tools [7]. There 
are equipment for automated 
fragment counting based on image 
analysis like CulletScanner from 
SoftSolution and FROG:Fragment 
recognizer of glass by Deltamax.
Recently, the machine learning 
has revolutionized the field of 
computer vision, as deep neural 
networks are able to learn very 
abstract representations of the 
underlying data. This gives new 
tools to analyze fragmentation 
patterns. However, deep neural 
networks need a good amount of 
wellannotated data. This is the 
time-consuming part to make a 
good model for particle counting.
In this paper, the focus is to 
present a novel way to count the 
fragments in the tempered glass 
by using the latest advances in the 
field of machine learning. Also, the 
importance of the annotation of the 
data for deep learning is 
presented. Before the machine 
learning chapter, the background 
about the glass breakage is 
presented to better understand the 
problems of the counting of the 
number of fragments in tempered 
glass.
 
Theory of glass fragmentation
The glass fragmentation after 
breakage is mainly stress 
dependent. In the fragmentation 
process, the growth of the cracks 
can be divided into the two parts. 
Firstly, the glass needs a high 
enough stress level for cracks to 
grow spontaneously. This stress 
level is needed already from the 
heat strengthened glass when all 

the cracks should grow to the 
edge. Secondly, from the 
tempered glass, the bifurcation of 
the cracks is needed for the high 
fragment count. This bifurcation 
phenomenon needs higher 
induced stress level. [8]

The initial fracture point and 
external support or force affect the 
fragmentation of the glass. These 
things have an influence on the 
stress distribution on the crack tips 
and due to that, the fragmentation 
pattern changes. [8,9] Due to this, 
the initial fracture point is defined 
in the standard. The time after the 
breakage when the number of the 
fragments should count is set to 3 
to 5 minutes in the EN 12150- 1 
standard [1]. This is also important 
to take into consideration because 
after the initial crack propagations 
secondary cracks are forming. 
These secondary cracks are 
usually in perpendicular to initial 
crack edges and the number of 
those is also dependent on the 
initial stress state.

Fragmentation of the thin and thick 
glasses are similar. However, for 
thicker glasses, the crack edges 
are rougher than for thinner 
glasses. Also, for thick glass, the 
fracture edge surface can be tilted. 
The typical fracture pattern of 4 
mm and 10 mm nominal thickness 
glasses are shown later as an 
example in Figures 9 and 10, 
respectively. The rougher crack 
edge causes the wider crack line 
and the tilted crack surface can be 
seen as a white area due to the 
high scattered reflection of the 
light from the crack surface. These 
both can affect the counting of 
fragments.

One approach to fragment count is 
to define the relationship between 
the residual stress level of the 
glass and the fragment count. This 
is important if the optical stress 
measurement equipment is used 
for quality check of the tempered 
glasses. The relationship between 
scattered light polariscope 
(SCALP-05) [10] measured 
mid-plane tensile stress and 

counted fragment number is 
shown in Figure 1. The tests are 
done with 1100 x 360 mm² glass 
sizes. The experimental data is 
compared to the data by Akeyoshi 
et al. [3]. The experimental results 
by authors give higher 
fragmentation level for glasses 
comparing to data by Akeyoshi et 
al. [3].

 

Figure 1. Relationship between 
mid-plane tensile stress and the 
number of fragments in 50 x 50 
mm2 area. The experimental 
results for 4 mm, 6 mm, 8 mm and 
10 mm nominal glass thicknesses 
(dots) and comparison data from 
Akeyoshi et al. [3] for 1.8 mm, 3.0 
mm, 3.4 mm, 4.9 mm and 8.2 mm 
glass thicknesses.
 
Automating the counting of 
fragments with machine vision
Convolutional neural networks 
(CNN) have for long been 
dominating the field of image 
classification and object 
recognition. In 2012, a deep 
convolutional neural network 
(DCNN) first reached 
state-of-the-art performance in 
ImageNet Large Scale Visual 
Recognition Competition 
(ILSVRC) [11]. The breakthrough 
that DCNNs brought was that no 
longer sophisticated, hand-crafted 
features of the input space were 
required.

Before deep learning, a typical 
image classification pipeline would 
consist of a classifier trained with 
the hand-crafted features. This 
has some problems since humans 
are not necessarily very efficient at 
defining the features that best 
distinguish the input classes. The 
advantage of deep learning is that 
the task-specific features are 
automatically extracted by the 

network and it can be directly 
trained end-to-end, from input 
images to output classes.

However, glass fragment 
segmentation is not simply an 
image classification problem. 
Rather, it is a pixel classification 
problem. The process where each 
pixel in the input image is 
classified to a certain class is 
called semantic segmentation. 
After the breakthrough of deep 
learning, it did not take long until 
the new technologies could be 
transferred from image 
classification to semantic 
segmentation.

The problem is that classification 
networks have very low output 
resolution since the output is 
defined simply as a vector of class 
probabilities. In semantic 
segmentation, however, the output 
resolution should be as high as the 
input image resolution. The work 
by Long et al. [12] showed that the 
existing classification networks 
could be transferred into semantic 
segmentation networks. That was 
done by casting the classification 
into fully connected neural 
networks (FCNN) by adding an 
in-network upsampling and a 
pixelwise loss.
The work by Long et al. was still 
only a first step toward 
high-performance semantic 
segmentation. Since then, more 
sophisticated networks have 
continuously pushed the 
stateof-the-art performance. As of 
2018, the best performing 
semantic segmentation network is 
DeepLab v3+ by Google [13], 
which is also adopted in this work 
to the task of glass fragment 
segmentation.
 
Theory
The theory behind the fragment 
counting pipeline used in this work 
is presented in Figure 2. The 
pipeline consists of Google’s 
DeepLab v3+ system to perform 
the segmentation and a 
postprocessing algorithm to do the 
actual counting.

 

Figure 2. Fragment counting 
pipeline.
The DCNN, ASPP and DECODER 
block in Figure 2 are parts of the 
DeepLab v3+ system. The 
encoder is a standard deep 
convolutional neural network 
which is used as a feature 
extracting part of the network. In 
particular, a residual network 
architecture [14] is used in this 
work. The output of the encoder is 
directed to an atrous spatial 
pyramid pooling (ASPP) module, 
which samples the feature map 
with different receptive fields (field 
of view) to capture the multi-scale 
context.

A decoder is used to restore the 
spatial resolution of the input 
image. The decoder essentially 
combines the low-resolution, rich 
semantic information from the 
ASPP module with the 
high-resolution spatial information 
from the encoder module. The 
result is a high-resolution 
segmentation mask of the original 
raw input image.

The segmentation mask given by 
the DeepLab system is further 
post-processed to obtain the 
fragment count. Each fragment 
instance is thresholded such that 
any small connections between 
adjacent shards are removed. 
After this, the fragment count can 
be obtained trivially by counting 
every connected region in the 
binary segmentation mask.
 
Data annotation
Modern deep learning neural 
networks rely heavily on the 
amount of data they can utilize 
during training. They adjust their 
internal representation of the 
problem by iterating over the 

dataset multiple times. With very 
sparse data, this leads to a 
possibly overfitted model that has 
only learned a very specific set of 
data. This kind of model is usually 
unable to generalize to the whole 
domain of the problem, making it 
unusable in a wider range of 
applications.

This case is no different. However, 
in the case of glass fragment 
segmentation, the dataset is much 
simpler than for example general 
images gathered from the internet. 
In glass segmentation, only one 
class of objects is presented: the 
fragment itself. The neural network 
model has to learn how to 
distinguish between a fragment 
and non-fragment regions. An 
example of a widely used, more 
complex dataset is ImageNet, 
which contains over 15 million 
images belonging to roughly 22 
000 different categories [15]. The 
images are collected from the 
internet and annotated by 
humans. Modern neural networks 
have shown human-level 
performance even on very 
challenging datasets such as 
ImageNet [16].

Data annotation is very time 
consuming and expensive due to 
the need for human labor. The 
amount of data is usually a 
bottleneck in model performance, 
especially when applied to a 
specific task and no freely 
available datasets can be utilized. 
Glass fragmentation is an example 
of such a problem. For the model 
to learn how to segment the 
fragments, it must be shown 
numerous examples of correct, or 
ground truth, segmentations.
 
Annotation process
In Figure 3, examples of ground 
truth segmentations are shown. 
These examples are 
human-crafted, and each sample 
requires around 10-30 minutes of 
time, depending on the experience 
of the annotator. The annotation 
process is quite simple: each 
fragment is labeled with a polygon 
by defining its vertices.

As it can be seen from the 
samples, the process is also highly 
subjective. Each person does the 
segmentation somewhat 
differently. However, the 
annotation should be done such 
that sufficiently wide gaps are left 
between any adjacent polygons. 
This enforces the model to reliably 
separate adjacent shards, which is 
critical to obtain quantities such as 
the shard count. In a raw image, 
the shard edge might sometimes 
only be a few pixels wide and 
practically indistinguishable from 
the background. In these cases, 
wider gaps are left between the 
label polygons.

 

Figure 3. Samples of raw images 
and corresponding ground truth 
annotations for different glass 
categories.
 
Experiment on the subjectivity of 
fragment counting
The task of fragment counting is 
very subjective by its nature. It is 
often not clear which areas of the 
broken glass can be counted as 
individual shards and even the 
standard does not give 
unambiguous instructions for it. 
Therefore, the actual person doing 
the fragmentation test can have a 
significant effect on the fragment 
count even when the fragments 
are counted from the same region. 
Even more, variation is introduced, 
when the individuals are required 
to choose the region of least 
fragments. In Figure 4, the area of 
interest for the fragmentation test 
defined by EN 12150-1 standard 
[1] is presented.
 

Figure 4. Area of interest in the 
fragmentation analysis. All areas 
inside the dashed line should be 

included in the analysis.
The subjective nature of fragment 
counting was experimentally 
investigated. The goal of the 
experiment was to investigate the 
variation in fragment counts 
across several human examiners. 
The test consisted of two test 
samples of thicknesses 4 mm and 
10 mm. Two glass thicknesses 
were chosen because the 
fragmentation pattern is very 
different for thin and thick glass. 
Thickness has a significant effect 
on breakage pattern and visual 
appearance of fragments. In 
general, it is easier to count 
fragments from thinner glass. The 
test was organized as follows. Two 
standard-sized (1100 x 360 mm²) 
tempered glasses with 4 mm and 
10 mm thicknesses were broken. 
Each individual counted the 
fragments from two separate 50 x 
50 mm² regions: one from the 
center of glass and one freely 
chosen region (inside the dashed 
line of Figure 4) of least fragments. 
The coordinates of freely chosen 
regions were also reported to 
compare how each individual finds 
the least cullets areas from the 
glass.

The fragmentation patterns of the 
4 mm and 10 mm test glasses are 
shown in Figures 5 and 6, 
respectively and the fragment 
counting results for both glasses 
are shown in Table 1. Also, the 
heatmaps for the fragment 
distribution for both samples are 
presented in Figures 6 and 7. On 
top of each heatmap, rectangles 
specifying the freely chosen areas 
are drawn.

 

Figure 5. Fragmentation pattern of 
4 mm test sample. 

Figure 6. Fragmentation pattern of 

10 mm test sample.

In the heatmaps, the blue color 
indicates a lower density of 
fragments while yellow color 
indicates higher density. In both 
cases, most of the examiners have 
chosen the area in the topright 
region, which is indeed the area of 
lowest fragment density within the 
allowed area of interest described 
in Figure 4. However, some 
examiners have ended up with 
different regions and it introduces 
further variation to the final 
fragment count for the sample.
 

Table 1. Results of an 
experimental test of fragment 
counting.

The results show that there is 
significant variation in fragment 
counts across human examiners, 
even when everyone counted 
fragments from the exact same 
region. Differences are even 
greater when the examiner freely 
chooses the area of least cullets.
For the 4 mm glass, the count of 
the AI model is within 1 standard 
deviation of the average human 
count. For 10 mm glass, it is 
slightly further away. However, this 
does not mean that the AI model is 
wrong since the task is highly 
subjective. The images of the 
center regions of the test samples 
are shown in Figures 7 and 8 and 
the corresponding overlay images 
of the AI segmentation are shown 
in Figures 9 and 10.

 

Figure 7. Heatmap of fragment 
distribution for 4 mm sample and 

red rectangles showing the freely 
chosen regions in the experiment. 

Figure 8. Heatmap of fragment 
distribution for 10 mm sample and 
red rectangles showing the freely 
chosen regions in the experiment.
The corresponding fragment 
counts of the AI model for 4 mm 
and 10 mm samples were 98 and 
68, respectively. These images 
demonstrate the difficulty of 
fragment counting: in the images, 
there are many small fragments 
that the AI system has counted as 
individual fragments and a human 
might not. This is especially true in 
the case of a 10 mm sample. In the 
segmentation image of the 10 mm 
sample, one can see that the AI 
system has included many small 
fragments to the final count, which 
is not wrong but results in a higher 

number than the average human 
examiner. One benefit of the 
automated system is that it is 
consistent in its decisions and the 
results do not vary due to 
tiredness, lack of concentration or 
other conditions affecting human 
examiners.
 
Summary
The difficulties of the fragment 
counting were experimentally 
investigated and results are 
presented in this paper. The 
results showed that fragment 
counting is not a trivial task and 
since there are no clear 
instructions for the process in the 
standards, the counting results 
may vary significantly across 
examiners. Relative standard 
deviations of the fragments for the 
center regions of 4 mm and 10 mm 
samples were 4.9% and 6.4%, 
respectively.

Additionally, the differences in 

counting is not the only thing 
affecting the final fragment count. 
The examiner must also determine 
the area of lowest fragment 
density, which introduces more 
variance. For the free chosen 
regions of 4 mm and 10 mm 
samples, the respective relative 
standard deviations were 8.0% 
and 9.9%.

A machine learning based 
approach to fragment counting is 
also presented in this paper. It was 
shown that modern deep learning 
and computer vision technologies 
are capable of accurately count 
fragments from an image of 
broken glass. An automated 
approach has the benefit of 
objective and consistent results. 
However, this kind of approach is 
highly dependent on the available 
data, which is cumbersome and 
expensive to obtain.

Guardian Glass Project: 
Florentinum Complex

With energy-saving Guardian 
SunGuard® SuperNeutral® 
40/23, the Florentinum has 
earned the U.S. Green Building 
Council’s LEED Platinum Award, 
the highest possible green 
building certification.
Located on the site of a former 
Czech printing house in Prague’s 
historic centre, the € 200 million 
Florentinum project features the 

largest office area under one roof 
in the Czech Republ ic . 
Construction took place in 
several stages over three years 
and when it was completed in 
2014 the complex also included 
a supermarket, chemist, 
pharmacy and restaurants.

©Pavel Sinagl
With much of the façade clad 

with energy-saving Guardian 
SunGuard® SuperNeutral® 
40/23, the Florentinum has 
earned the U.S. Green Building 
Council’s LEED Platinum Award, 
the highest possible green 
building certification. It also won, 
among other honours, the 2014 
Central & Eastern European 
Real Estate Quality Award for 
‘best office development’ in that 
region.



delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.
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On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!



delivery. The acclimatisation of 
the glass to the temperature in 
the glass storage can take up to 
a few days!
 
There is no predetermined 
processing temperature on the 
part of the glass manufacturer. 
However, a processing 
temperature above 20 °C has a 
positive effect on the subsequent 
cutting process. Freshly 
delivered glass should 
acclimatise in the glass storage 
for 2-3 days. This way the glass 
cutting temperature can be kept 
stable and the glass storage 
always remains well filled.
Tip: When redesigning a 
production hall or expanding an 
existing one, it has proved 
successful to position the 
tempering oven close to the 
glass storage area. The waste 
heat thus automatically heats the 
glass storage.
 
3. GLASS HANDLING
The 2 t or 5 t packages are 
placed in the storage area by the 
internal loader truck. From the 
glass storage to the cutting lines, 
however, the sheets must be 
transported individually. Please 
note that the glass loading or the 
handling device can also have an 
influence on the later processing.
 

Simple handling devices for 
manual loading usually consist of 
several vacuum suction cups 
attached to one design (see 
picture above). If the vacuum 
suction cups are arranged too 
tightly, central stress is created 
during the lifting process. A lifting 

device with vacuum suction arms 
that distribute the lifting forces 
over the entire surface should be 
preferred.

 
With automatic loading devices, 
care must be taken to ensure 
that they have a sufficiently large 
quantity of vacuum suction arms 
in order to distribute the forces 
better over the entire surface. It 
is better to use a FlyOver feed. A 
FlyOver feed has only one 
vacuum suction bar, which sucks 
in the glass sheet at the upper 
edge. The glass sheet therefore 
hangs freely and is not 
additionally clamped.

 
 
4. STRESS IN THE GLASS
The glass is of the best quality, 
the storage is suitable, the 
temperature is in the ideal range 
and even the handling of the raw 
glass storage sheets does not 
introduce any additional stresses 
into the laminated glass, but 
nevertheless it is difficult to cut.
Often a glance into the glass 
storage is sufficient and stresses 
in the laminated glass can be 
visibly detected. Even if the flat 

glass sheets are apparently 
manufactured identically and 
flow out in a float glass plant on 
a tin bath, each individual glass 
sheet is unique.

 
Marginal unevenness is caused 
when two glass lites sheets are 
then joined by the foil to form a 
laminated glass, a raw material 
that is stressed in itself.

This stress pattern is very well 
visible in the glass storage (see 
image above arrow). Reflections 
of geometrically straight surfaces 
are no longer straight, but 
become waves or arcs. This is a 
clear sign of a stress range.

Experience has shown that the 
cutting parameters and tools 
such as cutting wheels must be 
adapted for such batches. If 
there is any doubt, then in some 
cases the only option is to 
complain to the glass supplier.
 
CONCLUSION: HOW THE 
STORAGE AFFECTS THE 
GLASS CUTTING
Not only the quality of the 
laminated glass, but also its 
storage and handling must be 
taken into account during 
processing. In this case it 
depends on the supports of the 
glass frames, handling machines 
can create stresses and glass 
must acclimatise before 
processing. Before starting 
processing, it is worth taking a 
look at the glass storage: 
Stresses can easily be visually 
detected.

But transport, storage space 
properties, handling, 
temperature, humidity, age of the 
glass and much more have 
another dramatic influence on 
glass cutting.

“The best glass and the best 
machine can have processing 
problems if the storage is 
counter-productive.”

Flat glass can be obtained in 
various qualities from the 
manufacturers and the quality 
naturally has an influence on the 
processing. This article, 
however, deals with influencing 
variables that each processing 
company has under control.
 
1. GLASS STORAGE
The delivery of the flat glass is 
carried out with internal loader 
trucks. The internal loader racks 
are picked up by the truck and 
usually transport 20 tonnes of 
glass, which is stored in glass 
packages on the frame. Glass 
packages of 2.5 t or 5 t are 
commonly used.

These individual packages are 
separated from each other by 
cardboard strips (spacers). The 
respective glass packages are 
individually placed in the storage 
areas by an employee in the 
glass storage with a lifting device 

attached to the gantry crane. The 
storage areas are L- or A-frames. 
These are simple steel 
constructions with a support 
surface on which the glass lites 
sheets stand.
 

It is not obvious at first glance 
that the storage racks have an 
influence on subsequent 
processing, but they do have a 
clear effect.

It is essential that the support 
surfaces remain at the same 
level. The glass edges must lie 
evenly on several support points 
and so the glass can be stored 
more or less free of stress (see 
image above). If, on the other 
hand, the supports are inclined 
or of different heights or the 
support surface is worn on one 

side, stress is induced in the 
glass, which can be noticeable in 
the glass cutting process through 
increased glass breakage.

2. GLASS TEMPERATURE AND 
HUMIDITY
Hot, cold, warm, dry, moist: 
Essential factors that should be 
considered in order to optimise 
the glass cutting process. 
Laminated glasses consist of a 
laminated layer of two flat 
glasses joined together by a foil 
(PVB, EVA, Setry glass, etc.). 
Due to their physical properties, 
glass and foil have different 
temperature behaviour and this 
must be taken into account 
during processing, especially 
when glass cutting.

Glass is a brittle material. The 
colder the more brittle, the 
warmer the softer. The foil has 
similar properties, but 
unfortunately in a different 
temperature range. Air humidity 
also influences the properties of 
the foil.

Whether summer in Australia or 
winter in Norway - laminated 
glass is transported by truck and 
therefore assumes the ambient 
temperature during transport. In 
extreme cases, glass packages 
can have a core temperature of 
minus 20 °C to plus 60 °C on 

Northglass Won the "National Speed Skating 
Hall" Outstanding Sub-Supplier!

On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!
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officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.
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The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.
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"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!
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officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
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Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.
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National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".
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The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.
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President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

The use of laminated glass in structural applications has 
become more recognized and preferred as a safer choice 

to monolithic tempered or heat strengthen glass.

Engineers and designers are 
using glass in increasingly 
demanding applications such as 
stairs, floors, bridges, large 
minimally supported facades and 
overhead glazing. The use of 
laminated glass in structural 
applications has become more 
recognized and preferred as a 
safer choice to monolithic 
tempered or heat strengthen 
glass. Structural interlayers are 
stiff interlayers that increase the 
safety of the laminated glass by 
increasing the strength
.
There are two options when 
choosing a structural interlayer, 
Stiff PVB or ionoplast interlayer. 
Both interlayers provide improved 
post breakage strength and 
structural benefits; however, some 
significant differences in properties 
that affect the final laminate 
performance exist. Applications 
that require high temperatures 
above 30°C or long load 
duration’s, ionoplast interlayers 
perform the best.

Ionoplast interlayers require some 
special processing to ensure 
optimum quality of the final 
laminate such as lamination to tin 
side of glass and fast cooling rate 
in the autoclave to prevent haze 
formation. In the case of multi-ply 
laminations, a primer is needed for 
proper adhesion to the air side of 
the glass. Recent developments in 
Ionoplast have greatly improved 
the lamination processability with 

improved adhesion to the air side 
of glass and haze less dependent 
on autoclave cooling rate.
 
Introduction
The use of laminated glass greatly 
increases the safety of monolithic 
glass because of its glass 
retention properties. When 
laminated glass breaks, the glass 
will remain in place providing 
protection from glass shards. 
While the glass retention provides 
some level of protection once the 
glass is broken, the post breakage 
strength can be compromised 
reducing its ability to withstand 
loads. Laminated annealed glass 
provides some residual post 
breakage strength due to the 
breakage pattern; however, 
laminated tempered glass is very 
poor. Laminated tempered glass 
when broken breaks in very small 
pieces and will quickly lose its 
ability to bear any load.

Structural interlayers are stiff 
interlayers that provide a coupling 
effect with the glass, which 
increases the effective thickness 
of the laminate. This creates 
stronger laminates allowing the 
use of thinner glass or higher or 
longer load durations. Laminated 
glass with structural interlayer has 
much higher strength and can be 
used in more demanding glass 
applications such as minimally 
supported, floors, stairs, railings 
and very large glass panels. 
Structural interlayers have much 
improved post breakage 
performance when compared to 
standard interlayers. This greatly 
improves human safety.
 
Types of structural interlayers
Today there are two types of 
structural interlayers, Stiff PVB and 
Ionoplast interlayer. Stiff PVBs are 
based on PVB chemistry with 

lower levels of plasticizer, which 
increases the modulus. Ionoplast 
interlayers contain no plasticizer 
and are based on unique ionoplast 
chemistry.

Stiff PVB provides structural 
performance at moderate 
temperatures while Ionoplast 
interlayers provide structural 
performance over a broader range 
of temperatures because of the 
unique chemistry.
 
Ionoplast processing
Ionoplast interlayers have a very 
different chemistry than that of 
PVB. Ionoplast is a semi 
crystalline polymer while PVB is 
more amorphous. This unique 
chemistry gives the high strength, 
tear resistance and enhanced 
structural properties. This also 
results in Ionoplast requiring 
slightly modified processing when 
compared to PVB. Special 
lamination settings are required to 
achieve the optimum adhesion 
and optics.

The lamination must be done 
using the tin side of glass or when 
not possible using a primer to 
achieve good adhesion. To 
eliminate haze, which is caused by 
the polymers crystallinity, the 
cooling rate in the autoclave must 
be fast enough to prevent haze 
formation. If the laminate does 
show unacceptable levels of haze, 
i t can easi ly be f ixed by 
re-autoclaving the laminate.
When processed properly the final 
laminate has very high adhesion 
and superior optical quality.
 
Ionoplast for improved processing
The objective of the development 
of a next generation ionoplast was 
to design it to be able to process 
closer to PVB while maintaining 
the same structural properties as 

Ionoplast.

The development of the new 
Ionoplast was focused on 
improving the adhesion to the air 
side of glass which eliminates the 
need for primer. This will make 
lamination of multiply easier as 
well as removing the need to orient 
glass to laminate to the tin side in 
single ply laminates. The other 
focus was on improving the optics 
by reducing the haze formation 
with slower autoclave cooling 
rates. This will reduce the need to 
re-autoclave due to haze as well 
as the possibility to increase the 
autoclave loading density.
 
Adhesion
Improvements of the adhesion to 
the air side of the glass have been 
achieved for the next generation 
Ionoplast without compromising 
the adhesion to the tin side. The 
below chart shows the pummel 
adhesion of both the air side and 
tin side for Ionoplast and next 
generation Ionoplast. No primer 
was used during lamination of the 
air or tin side.

Figure 1: Next Generation 
Ionoplast Adhesion to Air vs Tin 
Side of Glass
Freeze thaw cycling tests were 
conducted to understand the 
robustness of adhesion. Laminate 
samples were prepared both tin 
side and air side orientation with 
various interlayer moisture levels. 
The laminates were then 
pummeled and weighted. 
Laminates were immersed in 
water overnight and then placed 
fully wet into a freezer at -20°C. 
The laminates were weighed 
again. The cycle was repeated 4 
times and total weight loss was 
recorded.

Next generation Ionoplast showed 
very little weight loss and a high 

pummel value with air side 
orientation indicting very high 
glass retention. The tin side 
orientation results were slightly 
lower with a increase in weight 
loss seen at a moisture of .6%.
 

Figure 2. Freeze Thaw Adhesion 
Results

Ionoplast interlayer must be kept 
stored in sealed bags to protect 
from moisture. Moisture levels 
above .15% can affect the 
laminate adhesion. A study was 
conducted to understand the 
effects of storage conditions of the 
interlayer on the final laminate 
adhesion. The below figure 3 
shows the effects of interlayer 
exposure to ambient air conditions 
and the effect of adhesion for the 
new Ionoplast interlayer. Pummel 
adhesion remains high even after 
21 days of exposure and moisture 
level of .35%

Figure 3. Effect of Interlayer 
Exposure to Ambient Conditions 
on Pummel Adhesion
 
Haze
While PVB optics are not effected 
by autoclave cooling rate the 
optics of Ionoplast interlayers are 
influenced by cooling rate. Haze 
formation is dependent on the 
cooling rate and spacing of 
laminates in the autoclave. If 
cooling rate is not adequate 
laminates, particularly large or very 
thick, will show some haze. This is 

easily reversible by re- autoclaving 
the laminates. Next Generation 
Ionoplast shows much less haze 
sensitivity to autoclave cooling 
rate. Although not the same as 
PVB, it is much improved. Figure 
4 shows the haze versus 
autoclave cooling rate for both 
Ionoplast and next generation 
Ionoplast.

 

Figure 4. Effect of Autoclave 
Cooling Rate on Haze Formation
 
Structural performance
One of the objectives in the 
development was to improve the 
sensitivity of haze to autoclave 
cooling rate while maintaining 
structural properties. The haze 
formation is a result of the polymer 
morphology and changes to this to 
reduce haze have the potential to 
affect the structural properties.

Modulus data was developed over 
a range of temperatures and 
loads. This incorporated included 
bending studies, creep 
measurements and DMA. 
Preservation of structural 
performance was achieved with 
the exception of higher 
temperatures with longer load 
durations. The below table shows 
comparison versus stiff PVB, 
standard Ionoplast and next 
generation Ionoplast.
 

Figure 5. Shear Relaxation 
Modulus
 
Physical and Impact properties
The basic physical properties of 
the next generation Ionoplast are 

similar to the current Ionoplast.

One concern with improving 
adhesion is the effect it will have 
on impact properties. Typically, 
when adhesion is increased the 
impact performance is 
compromised. Next Generation 
Ionoplast with 0.76 mm caliper 
was tested per EN12600 and 
EN356. Performance was the 
same as original Ionoplast passing 
P1A and 1B1 using 3 mm glass.

 

Figure 6: Physical Properties of 
Ionoplast and Next Generation 
Ionoplast
 
Conclusion
Next generation ionoplast 
improves adhesion to air side of 
glass, adhesion robustness and 

haze sensitivity to cooling rate. All 
of these improvements make the 
lamination process for Ionoplast 
closer to that of PVB while still 
preserving the structural and 
physical properties of Ionoplast. 
With the lower haze sensitivity, 
making very thick or large 
laminates becomes much less 
demanding with a lower risk of 
haze due to improper cooling.



On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

Engineers and designers are 
using glass in increasingly 
demanding applications such as 
stairs, floors, bridges, large 
minimally supported facades and 
overhead glazing. The use of 
laminated glass in structural 
applications has become more 
recognized and preferred as a 
safer choice to monolithic 
tempered or heat strengthen 
glass. Structural interlayers are 
stiff interlayers that increase the 
safety of the laminated glass by 
increasing the strength
.
There are two options when 
choosing a structural interlayer, 
Stiff PVB or ionoplast interlayer. 
Both interlayers provide improved 
post breakage strength and 
structural benefits; however, some 
significant differences in properties 
that affect the final laminate 
performance exist. Applications 
that require high temperatures 
above 30°C or long load 
duration’s, ionoplast interlayers 
perform the best.

Ionoplast interlayers require some 
special processing to ensure 
optimum quality of the final 
laminate such as lamination to tin 
side of glass and fast cooling rate 
in the autoclave to prevent haze 
formation. In the case of multi-ply 
laminations, a primer is needed for 
proper adhesion to the air side of 
the glass. Recent developments in 
Ionoplast have greatly improved 
the lamination processability with 

improved adhesion to the air side 
of glass and haze less dependent 
on autoclave cooling rate.
 
Introduction
The use of laminated glass greatly 
increases the safety of monolithic 
glass because of its glass 
retention properties. When 
laminated glass breaks, the glass 
will remain in place providing 
protection from glass shards. 
While the glass retention provides 
some level of protection once the 
glass is broken, the post breakage 
strength can be compromised 
reducing its ability to withstand 
loads. Laminated annealed glass 
provides some residual post 
breakage strength due to the 
breakage pattern; however, 
laminated tempered glass is very 
poor. Laminated tempered glass 
when broken breaks in very small 
pieces and will quickly lose its 
ability to bear any load.

Structural interlayers are stiff 
interlayers that provide a coupling 
effect with the glass, which 
increases the effective thickness 
of the laminate. This creates 
stronger laminates allowing the 
use of thinner glass or higher or 
longer load durations. Laminated 
glass with structural interlayer has 
much higher strength and can be 
used in more demanding glass 
applications such as minimally 
supported, floors, stairs, railings 
and very large glass panels. 
Structural interlayers have much 
improved post breakage 
performance when compared to 
standard interlayers. This greatly 
improves human safety.
 
Types of structural interlayers
Today there are two types of 
structural interlayers, Stiff PVB and 
Ionoplast interlayer. Stiff PVBs are 
based on PVB chemistry with 

lower levels of plasticizer, which 
increases the modulus. Ionoplast 
interlayers contain no plasticizer 
and are based on unique ionoplast 
chemistry.

Stiff PVB provides structural 
performance at moderate 
temperatures while Ionoplast 
interlayers provide structural 
performance over a broader range 
of temperatures because of the 
unique chemistry.
 
Ionoplast processing
Ionoplast interlayers have a very 
different chemistry than that of 
PVB. Ionoplast is a semi 
crystalline polymer while PVB is 
more amorphous. This unique 
chemistry gives the high strength, 
tear resistance and enhanced 
structural properties. This also 
results in Ionoplast requiring 
slightly modified processing when 
compared to PVB. Special 
lamination settings are required to 
achieve the optimum adhesion 
and optics.

The lamination must be done 
using the tin side of glass or when 
not possible using a primer to 
achieve good adhesion. To 
eliminate haze, which is caused by 
the polymers crystallinity, the 
cooling rate in the autoclave must 
be fast enough to prevent haze 
formation. If the laminate does 
show unacceptable levels of haze, 
i t can easi ly be f ixed by 
re-autoclaving the laminate.
When processed properly the final 
laminate has very high adhesion 
and superior optical quality.
 
Ionoplast for improved processing
The objective of the development 
of a next generation ionoplast was 
to design it to be able to process 
closer to PVB while maintaining 
the same structural properties as 

Ionoplast.

The development of the new 
Ionoplast was focused on 
improving the adhesion to the air 
side of glass which eliminates the 
need for primer. This will make 
lamination of multiply easier as 
well as removing the need to orient 
glass to laminate to the tin side in 
single ply laminates. The other 
focus was on improving the optics 
by reducing the haze formation 
with slower autoclave cooling 
rates. This will reduce the need to 
re-autoclave due to haze as well 
as the possibility to increase the 
autoclave loading density.
 
Adhesion
Improvements of the adhesion to 
the air side of the glass have been 
achieved for the next generation 
Ionoplast without compromising 
the adhesion to the tin side. The 
below chart shows the pummel 
adhesion of both the air side and 
tin side for Ionoplast and next 
generation Ionoplast. No primer 
was used during lamination of the 
air or tin side.

Figure 1: Next Generation 
Ionoplast Adhesion to Air vs Tin 
Side of Glass
Freeze thaw cycling tests were 
conducted to understand the 
robustness of adhesion. Laminate 
samples were prepared both tin 
side and air side orientation with 
various interlayer moisture levels. 
The laminates were then 
pummeled and weighted. 
Laminates were immersed in 
water overnight and then placed 
fully wet into a freezer at -20°C. 
The laminates were weighed 
again. The cycle was repeated 4 
times and total weight loss was 
recorded.

Next generation Ionoplast showed 
very little weight loss and a high 

pummel value with air side 
orientation indicting very high 
glass retention. The tin side 
orientation results were slightly 
lower with a increase in weight 
loss seen at a moisture of .6%.
 

Figure 2. Freeze Thaw Adhesion 
Results

Ionoplast interlayer must be kept 
stored in sealed bags to protect 
from moisture. Moisture levels 
above .15% can affect the 
laminate adhesion. A study was 
conducted to understand the 
effects of storage conditions of the 
interlayer on the final laminate 
adhesion. The below figure 3 
shows the effects of interlayer 
exposure to ambient air conditions 
and the effect of adhesion for the 
new Ionoplast interlayer. Pummel 
adhesion remains high even after 
21 days of exposure and moisture 
level of .35%

Figure 3. Effect of Interlayer 
Exposure to Ambient Conditions 
on Pummel Adhesion
 
Haze
While PVB optics are not effected 
by autoclave cooling rate the 
optics of Ionoplast interlayers are 
influenced by cooling rate. Haze 
formation is dependent on the 
cooling rate and spacing of 
laminates in the autoclave. If 
cooling rate is not adequate 
laminates, particularly large or very 
thick, will show some haze. This is 

easily reversible by re- autoclaving 
the laminates. Next Generation 
Ionoplast shows much less haze 
sensitivity to autoclave cooling 
rate. Although not the same as 
PVB, it is much improved. Figure 
4 shows the haze versus 
autoclave cooling rate for both 
Ionoplast and next generation 
Ionoplast.

 

Figure 4. Effect of Autoclave 
Cooling Rate on Haze Formation
 
Structural performance
One of the objectives in the 
development was to improve the 
sensitivity of haze to autoclave 
cooling rate while maintaining 
structural properties. The haze 
formation is a result of the polymer 
morphology and changes to this to 
reduce haze have the potential to 
affect the structural properties.

Modulus data was developed over 
a range of temperatures and 
loads. This incorporated included 
bending studies, creep 
measurements and DMA. 
Preservation of structural 
performance was achieved with 
the exception of higher 
temperatures with longer load 
durations. The below table shows 
comparison versus stiff PVB, 
standard Ionoplast and next 
generation Ionoplast.
 

Figure 5. Shear Relaxation 
Modulus
 
Physical and Impact properties
The basic physical properties of 
the next generation Ionoplast are 

similar to the current Ionoplast.

One concern with improving 
adhesion is the effect it will have 
on impact properties. Typically, 
when adhesion is increased the 
impact performance is 
compromised. Next Generation 
Ionoplast with 0.76 mm caliper 
was tested per EN12600 and 
EN356. Performance was the 
same as original Ionoplast passing 
P1A and 1B1 using 3 mm glass.

 

Figure 6: Physical Properties of 
Ionoplast and Next Generation 
Ionoplast
 
Conclusion
Next generation ionoplast 
improves adhesion to air side of 
glass, adhesion robustness and 

haze sensitivity to cooling rate. All 
of these improvements make the 
lamination process for Ionoplast 
closer to that of PVB while still 
preserving the structural and 
physical properties of Ionoplast. 
With the lower haze sensitivity, 
making very thick or large 
laminates becomes much less 
demanding with a lower risk of 
haze due to improper cooling.



On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

Engineers and designers are 
using glass in increasingly 
demanding applications such as 
stairs, floors, bridges, large 
minimally supported facades and 
overhead glazing. The use of 
laminated glass in structural 
applications has become more 
recognized and preferred as a 
safer choice to monolithic 
tempered or heat strengthen 
glass. Structural interlayers are 
stiff interlayers that increase the 
safety of the laminated glass by 
increasing the strength
.
There are two options when 
choosing a structural interlayer, 
Stiff PVB or ionoplast interlayer. 
Both interlayers provide improved 
post breakage strength and 
structural benefits; however, some 
significant differences in properties 
that affect the final laminate 
performance exist. Applications 
that require high temperatures 
above 30°C or long load 
duration’s, ionoplast interlayers 
perform the best.

Ionoplast interlayers require some 
special processing to ensure 
optimum quality of the final 
laminate such as lamination to tin 
side of glass and fast cooling rate 
in the autoclave to prevent haze 
formation. In the case of multi-ply 
laminations, a primer is needed for 
proper adhesion to the air side of 
the glass. Recent developments in 
Ionoplast have greatly improved 
the lamination processability with 

improved adhesion to the air side 
of glass and haze less dependent 
on autoclave cooling rate.
 
Introduction
The use of laminated glass greatly 
increases the safety of monolithic 
glass because of its glass 
retention properties. When 
laminated glass breaks, the glass 
will remain in place providing 
protection from glass shards. 
While the glass retention provides 
some level of protection once the 
glass is broken, the post breakage 
strength can be compromised 
reducing its ability to withstand 
loads. Laminated annealed glass 
provides some residual post 
breakage strength due to the 
breakage pattern; however, 
laminated tempered glass is very 
poor. Laminated tempered glass 
when broken breaks in very small 
pieces and will quickly lose its 
ability to bear any load.

Structural interlayers are stiff 
interlayers that provide a coupling 
effect with the glass, which 
increases the effective thickness 
of the laminate. This creates 
stronger laminates allowing the 
use of thinner glass or higher or 
longer load durations. Laminated 
glass with structural interlayer has 
much higher strength and can be 
used in more demanding glass 
applications such as minimally 
supported, floors, stairs, railings 
and very large glass panels. 
Structural interlayers have much 
improved post breakage 
performance when compared to 
standard interlayers. This greatly 
improves human safety.
 
Types of structural interlayers
Today there are two types of 
structural interlayers, Stiff PVB and 
Ionoplast interlayer. Stiff PVBs are 
based on PVB chemistry with 

lower levels of plasticizer, which 
increases the modulus. Ionoplast 
interlayers contain no plasticizer 
and are based on unique ionoplast 
chemistry.

Stiff PVB provides structural 
performance at moderate 
temperatures while Ionoplast 
interlayers provide structural 
performance over a broader range 
of temperatures because of the 
unique chemistry.
 
Ionoplast processing
Ionoplast interlayers have a very 
different chemistry than that of 
PVB. Ionoplast is a semi 
crystalline polymer while PVB is 
more amorphous. This unique 
chemistry gives the high strength, 
tear resistance and enhanced 
structural properties. This also 
results in Ionoplast requiring 
slightly modified processing when 
compared to PVB. Special 
lamination settings are required to 
achieve the optimum adhesion 
and optics.

The lamination must be done 
using the tin side of glass or when 
not possible using a primer to 
achieve good adhesion. To 
eliminate haze, which is caused by 
the polymers crystallinity, the 
cooling rate in the autoclave must 
be fast enough to prevent haze 
formation. If the laminate does 
show unacceptable levels of haze, 
i t can easi ly be f ixed by 
re-autoclaving the laminate.
When processed properly the final 
laminate has very high adhesion 
and superior optical quality.
 
Ionoplast for improved processing
The objective of the development 
of a next generation ionoplast was 
to design it to be able to process 
closer to PVB while maintaining 
the same structural properties as 

Ionoplast.

The development of the new 
Ionoplast was focused on 
improving the adhesion to the air 
side of glass which eliminates the 
need for primer. This will make 
lamination of multiply easier as 
well as removing the need to orient 
glass to laminate to the tin side in 
single ply laminates. The other 
focus was on improving the optics 
by reducing the haze formation 
with slower autoclave cooling 
rates. This will reduce the need to 
re-autoclave due to haze as well 
as the possibility to increase the 
autoclave loading density.
 
Adhesion
Improvements of the adhesion to 
the air side of the glass have been 
achieved for the next generation 
Ionoplast without compromising 
the adhesion to the tin side. The 
below chart shows the pummel 
adhesion of both the air side and 
tin side for Ionoplast and next 
generation Ionoplast. No primer 
was used during lamination of the 
air or tin side.

Figure 1: Next Generation 
Ionoplast Adhesion to Air vs Tin 
Side of Glass
Freeze thaw cycling tests were 
conducted to understand the 
robustness of adhesion. Laminate 
samples were prepared both tin 
side and air side orientation with 
various interlayer moisture levels. 
The laminates were then 
pummeled and weighted. 
Laminates were immersed in 
water overnight and then placed 
fully wet into a freezer at -20°C. 
The laminates were weighed 
again. The cycle was repeated 4 
times and total weight loss was 
recorded.

Next generation Ionoplast showed 
very little weight loss and a high 

pummel value with air side 
orientation indicting very high 
glass retention. The tin side 
orientation results were slightly 
lower with a increase in weight 
loss seen at a moisture of .6%.
 

Figure 2. Freeze Thaw Adhesion 
Results

Ionoplast interlayer must be kept 
stored in sealed bags to protect 
from moisture. Moisture levels 
above .15% can affect the 
laminate adhesion. A study was 
conducted to understand the 
effects of storage conditions of the 
interlayer on the final laminate 
adhesion. The below figure 3 
shows the effects of interlayer 
exposure to ambient air conditions 
and the effect of adhesion for the 
new Ionoplast interlayer. Pummel 
adhesion remains high even after 
21 days of exposure and moisture 
level of .35%

Figure 3. Effect of Interlayer 
Exposure to Ambient Conditions 
on Pummel Adhesion
 
Haze
While PVB optics are not effected 
by autoclave cooling rate the 
optics of Ionoplast interlayers are 
influenced by cooling rate. Haze 
formation is dependent on the 
cooling rate and spacing of 
laminates in the autoclave. If 
cooling rate is not adequate 
laminates, particularly large or very 
thick, will show some haze. This is 

easily reversible by re- autoclaving 
the laminates. Next Generation 
Ionoplast shows much less haze 
sensitivity to autoclave cooling 
rate. Although not the same as 
PVB, it is much improved. Figure 
4 shows the haze versus 
autoclave cooling rate for both 
Ionoplast and next generation 
Ionoplast.

 

Figure 4. Effect of Autoclave 
Cooling Rate on Haze Formation
 
Structural performance
One of the objectives in the 
development was to improve the 
sensitivity of haze to autoclave 
cooling rate while maintaining 
structural properties. The haze 
formation is a result of the polymer 
morphology and changes to this to 
reduce haze have the potential to 
affect the structural properties.

Modulus data was developed over 
a range of temperatures and 
loads. This incorporated included 
bending studies, creep 
measurements and DMA. 
Preservation of structural 
performance was achieved with 
the exception of higher 
temperatures with longer load 
durations. The below table shows 
comparison versus stiff PVB, 
standard Ionoplast and next 
generation Ionoplast.
 

Figure 5. Shear Relaxation 
Modulus
 
Physical and Impact properties
The basic physical properties of 
the next generation Ionoplast are 

similar to the current Ionoplast.

One concern with improving 
adhesion is the effect it will have 
on impact properties. Typically, 
when adhesion is increased the 
impact performance is 
compromised. Next Generation 
Ionoplast with 0.76 mm caliper 
was tested per EN12600 and 
EN356. Performance was the 
same as original Ionoplast passing 
P1A and 1B1 using 3 mm glass.

 

Figure 6: Physical Properties of 
Ionoplast and Next Generation 
Ionoplast
 
Conclusion
Next generation ionoplast 
improves adhesion to air side of 
glass, adhesion robustness and 

haze sensitivity to cooling rate. All 
of these improvements make the 
lamination process for Ionoplast 
closer to that of PVB while still 
preserving the structural and 
physical properties of Ionoplast. 
With the lower haze sensitivity, 
making very thick or large 
laminates becomes much less 
demanding with a lower risk of 
haze due to improper cooling.

Glasswerks Acquires Northwestern 
Industries Inc.

S o u t h e r n 
C a l i f o r n i a - B a s e d 
Fabricator Acquires NWI 
Assets from Central 
Glass Co., Ltd.

Glasswerks, a full-service 
premier fabricator of architectural 
g lass headquartered in 
Southgate, CA, has acquired the 
assets of Northwestern 
Industries, a subsidiary of 
Japan-based Central Glass Co., 
Ltd. This acquisition marks the 
latest investment as Glasswerks 
expands its reach and share in 
the western glass marketplace, 
having recently added jumbo, 

bent, and heat soak capabilities. 
These great achievements have 
effectively made Glasswerks the 
largest privately-owned custom 
glass fabricator west of the 
Mississippi.

NWI has two fabrication plants, 
one in Seattle, WA, and one in 
Yuma, AZ. The company offers a 
complete selection of tempered, 
laminated, insu la ted, 
silkscreened, and spandrel 
glass. All management and 
personnel at the Yuma plant will 
remain onboard and the 
company will retain the NWI 
name and branding. I t is 
G lasswerks goa l and 
commitment to NWI customers 
and employees to avoid any 
business disruptions and ensure 
a smooth acquisition process.

Glasswerks currently operates in 
over 700,000 sq.ft. of fabrication 

space across locations in 
Southgate, Temecula, and 
Carson, CA. The NWI acquisition 
substantial ly adds to the 
company’s capaci t ies, 
distribution, and overall foothold 
in the glass and glazing industry.
Commenting on the acquisition, 
Randy Steinberg, president, 
Glasswerks, said: “I’ve long 
admired the excellent reputation 
for quality and service that NWI 
has built in this industry. Beyond 
the complementary product 
offerings, I feel our values, 
culture, and service align as well. 
We’re happy to welcome NWI 
employees to the Glasswerks 
family.”



17.1 Meters! NorthGlass Super Glass on 
Taikang Financial Tower

After applied in Apple Park and 
Hong Kong Taikoo Place-phase 
2A, this is another glass project 
with a single piece of glass 
exceeding 17 meters.

The Taikang Financial Tower, 
located in the heart of Beijing's 
central business district, has 
become a real hit recently: our 
moments are overwhelmed by 
the news of its super-luxury 
glass curtain wall with the single 
piece of glass reaches 17.1 
meters and 6.5 tons, which 
showed the world the level of 
Chinese creativity.

The Taikang Financial Tower, 
adjacent to famous buildings 
such as CITIC Tower, CCTV 
Headquarters, covers a total 
area of about 8,427 square 

meters, with an overall floorage 
of about 182,135 square meters. 
The tower has 5 f loors 
underground and 45 floors 
aboveground, with a height of 
216 meters. These super-large 
glass are embedded in this 
modern building.
 
At first, this kind of super-large 
glass curtain wall system was 
widely used in apple stores as a 
"standard accessory" for apple's 
flagship stores, and Tianjin 
NorthGlass played an important 
role in the application of 
super-large glass in apple's 
flagship stores. After years of 
research, Tianjin NorthGlass has 
used the production process, 
transportation and installation of 
this kind of glass with great 
facility, the market prospect of 
super-large glass is also more 
and more extensive.

For this project, Taikang 
Insurance Group chose Tianjin 
NorthGlass. They equipped the 
project with laminated glass and 
double-laminated insulating 
low-e ultra-clear glass, with a 
s ing le g lass s ize o f 
17.1m×3.107m and a single 
glass weight of 6.5t. Most of the 
projects in China that adopt 
all-glass curtain walls are usually 
set in the lobby of the ground 
floor, while the Taikang Financial 
Tower set the glass curtain wall 
above the awning.

After installing the glass, an 
oversized hemline is formed. 
After applied in Apple Park and 
Hong Kong Taikoo Place-phase 

2A, this is another glass project 
with a single piece of glass 
exceeding 17 meters. This not 
only demonstrates the strength 
of NorthGlass, but also allows 
NorthGlass to keep its 
advantages in the production 
and process of super-large 
glass.
 
If you go to the scene and look 
up at such a large piece of glass, 
you will definitely overturn the 
perception of "glass". For 
architects, beauty is superficies, 
and behind it is the philosophy, a 
way of dealing with the world. No 
matter how times change, the " 
Craftsman’s spirit" is always 
associated with the classics, 
NorthGlass has been steadily 
pursuing this philosophy. In the 
future, we will also meet more 
and greater challenges.

On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!
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officially unveiled.

On December 31, with the last 
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the roof unit plate and facade 
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Winter Games attended the 
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The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.
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is Lincui Road. The hall, with 
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height of 33.8 meters, will 
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competition during the 2022 
Olympic Winter Games.
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The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
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innovative in China. The 
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days after placing the order, 
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is equipped with "Ice Ribbon" 
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assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
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configurations of glass sheets are 
different in shape and form a 
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Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
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been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

Novel Method for Cold Bending Glass – Transparent 
Structural Silicone Adhesive

During a recent project to 
understand the ability to use 
Transparent Structural Silicone 
Adhesive (TSSA) via linear 
bonding for cable wall fittings, a 
unique aspect of the material 
indicates a potential novel 
method for cold bending glass.

Used in long sections and small 
widths, the TSSA was able to 
effectively bend and hold shape 
after processing in an autoclave. 
The original purpose of the study 
was to evaluate at what length 
would the TSSA connection 
would fail in shear due to a 
mismatch in coefficient of 
thermal expansion for the glass 
and metal. However, the lengths 
studied indicated a potential to 
control the amount of bending 
due to length. The technique 
presents a potential art to create 
curved facades in lieu of the use 
of conventional structural 
silicone sealants under constant 
loads. As the TSSA is now the 
material under constant load, the 
curved glass could be installed in 
different façade assemblies via 
fittings.
 
Introduction:
Transparent Structural Silicone 
Adhesive (TSSA) is a unique 
crystal-clear film adhesive that is 
used to bond point supports of 
metal, typically stainless steel to 
glass. The TSSA is cured in an 
autoclave where glass is 

laminated usually with Polyvinyl 
butyral (PVB) or ionomer 
interlayers. Once the TSSA is 
cured onto the glass inside the 
autoclave, the fabrication and 
erection of the panels involves 
the simple attachment of 
engineered hardware on a 
pro ject s i te . The TSSA 
appl icat ion is a h igher 
performance option than drilled 
mechanical attachments in glass 
which include the following 
advantages:
1. Use of Tempered glass is not 
mandatory, rendering a smoother 
façade appearance
2. TSSA attachment points can 
be designed to be applied to the 
edge of glass compared to drilled 
holes that should be twice the 
glass thickness from the edge.  
3. TSSA attachments do not 
breach the cavity of an IG unit 
therefore increasing thermal 
efficiency and durability with 
regards to gas leakage 
4. Attachment fittings do not have 
to be circular and can be 
rectangular or custom designs.
5. TSSA has design stress of an 
order of magnitude higher than 
conventional wet applied 
structural silicone. 
6. Transparency is maximized 
because mechanical fitting 
dimensions are minimized by 
being able to be bonded to the 
edge of the glazing.

TSSA performance was 
introduced to the commercial 
glazing industry through 
pub l ica t ions and data 
presentations. [3-11]. The 
authors encourage the readers 
to be famil iar with these 
publications to understand the 
material science and application 
engineering that has been 
established to validate design 

and performance of TSSA.

The authors were challenged to 
assist in a design guideline for 
linear metal plates bonded to 
glass that would be used to 
support a cable net wall, an 
architectural vision of maximized 
transparency. The challenge was 
to use typical stainless steel 
plates with a different coefficient 
of thermal expansion (CTE) 
compared to glass. Generally, 
metals with a better matched 
CTE to glass are used such as 
t i tanium to control shear 
differential.

Commercial applications of this 
technology presented by Bruno, 
[9] have lengths of ~350mm to 
support the width of a glass stair 
tread. Vladimir Marinov of 
Design Engineers, London UK, 
used TSSA in lengths of 400mm 
steel pieces in triplicate on a 
piece of glass to support a car at 
the Glasstec event in 2018 in 
Dusseldorf. [12] This was labeled 
as the Gravity Project.

TSSA has a shear movement 
limitation because of its 1mm 
supplied thickness. Curved 
surfaces on flat fittings have 
successfully used 2mm of 
thickness to avoid higher 
modeled shear stresses under 
loading. [5]. The additional 
thickness was done by applying 
2 layers of TSSA in the factory 
before the autoclave cycle. 
Demonstrations of tensile 
strength on 3 layers of TSSA was 
done by Hagl. 

The idea that when induced 
shear is imminent due to thermal 
or mechanical loads, a variation 
in thickness can reduce stress. 
The is the same concept of glue 

thickness in the design of 
conventional structural silicone 
j o i n t s . The TSSA was 
demonstrated to be viable at 
thicknesses greater than 1mm.
The authors designed a simple 
experiment on a piece of clear 
tempered glass 914mm x 
1524mm x 6mm. Aluminum and 
Stainless steel bars, 25mm wide, 
were attached to glass in lengths 
of 50mm, 100mm, 150mm, 
300mm, 610mm, and 1220mm 
with both 1 and 2 layers of TSSA. 
Figure 1 shows the configuration.
 

Figure 1: Placement of metal 
bars of various lengths on glass.
The glass sheet and metal 
pieces were placed as noted in 
the sketch in Figure 1. The glass 
plate was placed in vacuum 
laminator to reside under 
vacuum and the heat was 
applied to allow the TSSA a 30 
minute soak time at 130 °C.

The purpose of the experiments 
was to observe the TSSA 
distress from the aluminum and 
steel attachments by viewing the 
TSSA through the glass. The 
distress by TSSA shown as 
whitening is an indication that the 
adhesive is near a failure point 
for loading[1]. It was expected to 
see a cohesive failure of the 
TSSA at the ends of the long 
spans of aluminum with 1mm 
thickness.

To our surprise, no failures or 
distress whitening were 
observed after the sample was 
removed from the laminator, 
however, the g lass was 
significantly deformed. This failed 
experiment resulted in the idea 

that TSSA could be used to 
permanently bend glass that 
could then be placed into 
applications where a cold bent 
piece of glass would have 
aesthetic desire.
 
Testing protocol
Additional experiments were 
fabricated to validate the 
potential application of metal 
strips onto glass with TSSA to 
control the amount of warpage. 
The authors had a glass size 
limitation of 914 x 1524 mm due 
to the size of the vacuum 
laminator used to cure the TSSA.
Testing commenced using 
parallel strips of metal on the 
long side of the glass as shown 
in figure 2.

Figure 2: Strips of parallel metal 
bonded with TSSA on long 
edges Figure 3 str ips of 
perpendicular metal bonded
Steel strips were compared to 
a luminum st r ips in th is 
experiment. All bonding was 
done wi th 1mm of TSSA 
thickness since no visual distress 
of the TSSA was apparent in the 
first failed experiment noted 
above.

The Parallel bonding study 
p laced the long s t r ips 
symmetrical to the center point. 
Hence there was an even 
152mm of unbonded glass at 
each end. The long strips of 
metal were 1219mm in length 
attached to the 1524mm piece of 
glass. One piece of glass used 
steel strips and the second piece 
of glass used aluminum strips. 
The metal strips used in both 
cases measured 6.4mm x 19mm 

x 1219mm long.

The perpendicular bonding study 
had the metal strips much closer 
to each other at the corner. This 
was to try and induce the 
maximum double bend in the 
corner.

After the specimens were 
fabricated and cured, the 
warpage of the glass was as 
expected, meaning the parallel 
bonding provided warpage in 
one direction and the aluminum 
strips showed more warping 
compared to the steel strips.

The perpendicular specimens 
had a double warp and again the 
measured warpage was greater 
for the aluminum compared to 
the steel.

The amount of warpage was 
measured by placing a tight 
string from one corner to the 
other and measuring the 
deflection at the maximum. 
Figure 4 shows an example of 
the measurement technique. 
Table 1 reports the data of each 
panel.

 

Figure 4 Measuring the warpage 
at the maximum deflection 
between corners 

Figure 5 Steel and Aluminum 

Table 2 Hyperelastic values
 
Results of the Design of 
Experiments
Based on the des ign o f 
experiments, the variable of the 
width of steel and the thickness 
of the TSSA has the most impact 
on the parallel and corner edge 
bonding methods. From the 
design of experiments, design 
equations can be written to 
determine deflection using 
relevant dimensions of the 
variables.

For the corner edge bonding, the 
design equation is written as 
follows:

 
Where,
Wm = Width of Metal in mm
tm = Thickness of Metal in mm
ttssa = Thickness of TSSA in mm
For the parallel boding, the 
variables of metal width and 
TSSA thickness had the most 
impact on the deflection. The 
design equation is written as 
follows:
 
Where,
Wm = Width of Metal in mm
ttssa = Thickness of TSSA in mm
The expressions can be used in 
a solver where variables can be 
iterated or held static to calculate 
for desired deflections.

Using TSSA to cold bend glass 
before final installation has 
unique applications for both 
internal and external use. This 
idea can be further explored 
using TSSA attachment points at 
specific locations on the glass 
and us i ng cab les and 
turnbuckles to custom or 
dynamically warp glass. The 

Parallel warping deflections 

Figure 6: Steel and Aluminum 
Parallel warping deflections
 
Modeling of the Phenomena
To understand the impact of 
different variables of the potential 
art, a finite element model was 
developed for a parallel bonding 
and a corner edge method. The 
intent of a parallel bonding 
method was to curve the glass 
only along one length of the lite 
where the corner edge was used 
to develop an elliptic paraboloid 
with a scallop shape through 
bending along perpendicular 
axis. (insert pics).

Important material properties for 
the model were modulus and 
Poisson Ratio for glass, 
aluminum and steel and 
hyperelastic models for the 
TSSA. Coefficient of Thermal 
Expansion (CTE) was used for 
all materials. Data for each 
material is shown in table 1 and 
2.

The model was then used to 
predict the expected curvature of 
each bonding method as the 
assembly is cooled from 130 °C 
to 23 °C due to CTE mismatch of 
the materials.

In a design of experiments using 
the model, width of steel was 
varied between 12.7 and 
38.1mm, thickness of steel 
varied between 3.175 and 
9.525mm and thickness of TSSA 
was varied between 2 and 6mm.
 

Table 1 Material properties 

amount of warping can be 
dramatic above and beyond the 
adhered metal strip approach, 
however the cables would be a 
visual chord behind the arc of the 
glazing.
 
Conclusions
Due to differences in coefficients 
of thermal expansion, metal 
bonded to the surface of a glass 
plate can create a cold bent plate 
as materials cool from the 
autoclave process to room 
temperature. Increasing the 
width of the metal connection will 
increase the amount of deflection 
in the glass plate. Increasing the 
thickness of TSSA will decrease 
the overall deflection. A parallel 
bonding technique creates a 
bend along the length of the lite 
while a corner edge bonding 
technique creates a paraboloid 
shape. These shapes can be 
incorporated into a curved or 
bubbled appearance as shown in 
Figure 7.

 

Figure 7: Warped and bubbled 
wall rendering
This creates additional design 
freedom for the architectural 
community by incorporating cold 
bent glass in glass wall design. 
Further design options are 
possible by using turnbuckles 
and cables between traditional 
TSSA attachment points on the 
glazing. Proper engineering must 
be done to accommodate the 
stresses in the glass and 
adhesive so that long term 
durability can be maintained that 
enables this design freedom.



On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

During a recent project to 
understand the ability to use 
Transparent Structural Silicone 
Adhesive (TSSA) via linear 
bonding for cable wall fittings, a 
unique aspect of the material 
indicates a potential novel 
method for cold bending glass.

Used in long sections and small 
widths, the TSSA was able to 
effectively bend and hold shape 
after processing in an autoclave. 
The original purpose of the study 
was to evaluate at what length 
would the TSSA connection 
would fail in shear due to a 
mismatch in coefficient of 
thermal expansion for the glass 
and metal. However, the lengths 
studied indicated a potential to 
control the amount of bending 
due to length. The technique 
presents a potential art to create 
curved facades in lieu of the use 
of conventional structural 
silicone sealants under constant 
loads. As the TSSA is now the 
material under constant load, the 
curved glass could be installed in 
different façade assemblies via 
fittings.
 
Introduction:
Transparent Structural Silicone 
Adhesive (TSSA) is a unique 
crystal-clear film adhesive that is 
used to bond point supports of 
metal, typically stainless steel to 
glass. The TSSA is cured in an 
autoclave where glass is 

laminated usually with Polyvinyl 
butyral (PVB) or ionomer 
interlayers. Once the TSSA is 
cured onto the glass inside the 
autoclave, the fabrication and 
erection of the panels involves 
the simple attachment of 
engineered hardware on a 
pro ject s i te . The TSSA 
appl icat ion is a h igher 
performance option than drilled 
mechanical attachments in glass 
which include the following 
advantages:
1. Use of Tempered glass is not 
mandatory, rendering a smoother 
façade appearance
2. TSSA attachment points can 
be designed to be applied to the 
edge of glass compared to drilled 
holes that should be twice the 
glass thickness from the edge.  
3. TSSA attachments do not 
breach the cavity of an IG unit 
therefore increasing thermal 
efficiency and durability with 
regards to gas leakage 
4. Attachment fittings do not have 
to be circular and can be 
rectangular or custom designs.
5. TSSA has design stress of an 
order of magnitude higher than 
conventional wet applied 
structural silicone. 
6. Transparency is maximized 
because mechanical fitting 
dimensions are minimized by 
being able to be bonded to the 
edge of the glazing.

TSSA performance was 
introduced to the commercial 
glazing industry through 
pub l ica t ions and data 
presentations. [3-11]. The 
authors encourage the readers 
to be famil iar with these 
publications to understand the 
material science and application 
engineering that has been 
established to validate design 

and performance of TSSA.

The authors were challenged to 
assist in a design guideline for 
linear metal plates bonded to 
glass that would be used to 
support a cable net wall, an 
architectural vision of maximized 
transparency. The challenge was 
to use typical stainless steel 
plates with a different coefficient 
of thermal expansion (CTE) 
compared to glass. Generally, 
metals with a better matched 
CTE to glass are used such as 
t i tanium to control shear 
differential.

Commercial applications of this 
technology presented by Bruno, 
[9] have lengths of ~350mm to 
support the width of a glass stair 
tread. Vladimir Marinov of 
Design Engineers, London UK, 
used TSSA in lengths of 400mm 
steel pieces in triplicate on a 
piece of glass to support a car at 
the Glasstec event in 2018 in 
Dusseldorf. [12] This was labeled 
as the Gravity Project.

TSSA has a shear movement 
limitation because of its 1mm 
supplied thickness. Curved 
surfaces on flat fittings have 
successfully used 2mm of 
thickness to avoid higher 
modeled shear stresses under 
loading. [5]. The additional 
thickness was done by applying 
2 layers of TSSA in the factory 
before the autoclave cycle. 
Demonstrations of tensile 
strength on 3 layers of TSSA was 
done by Hagl. 

The idea that when induced 
shear is imminent due to thermal 
or mechanical loads, a variation 
in thickness can reduce stress. 
The is the same concept of glue 

thickness in the design of 
conventional structural silicone 
j o i n t s . The TSSA was 
demonstrated to be viable at 
thicknesses greater than 1mm.
The authors designed a simple 
experiment on a piece of clear 
tempered glass 914mm x 
1524mm x 6mm. Aluminum and 
Stainless steel bars, 25mm wide, 
were attached to glass in lengths 
of 50mm, 100mm, 150mm, 
300mm, 610mm, and 1220mm 
with both 1 and 2 layers of TSSA. 
Figure 1 shows the configuration.
 

Figure 1: Placement of metal 
bars of various lengths on glass.
The glass sheet and metal 
pieces were placed as noted in 
the sketch in Figure 1. The glass 
plate was placed in vacuum 
laminator to reside under 
vacuum and the heat was 
applied to allow the TSSA a 30 
minute soak time at 130 °C.

The purpose of the experiments 
was to observe the TSSA 
distress from the aluminum and 
steel attachments by viewing the 
TSSA through the glass. The 
distress by TSSA shown as 
whitening is an indication that the 
adhesive is near a failure point 
for loading[1]. It was expected to 
see a cohesive failure of the 
TSSA at the ends of the long 
spans of aluminum with 1mm 
thickness.

To our surprise, no failures or 
distress whitening were 
observed after the sample was 
removed from the laminator, 
however, the g lass was 
significantly deformed. This failed 
experiment resulted in the idea 

that TSSA could be used to 
permanently bend glass that 
could then be placed into 
applications where a cold bent 
piece of glass would have 
aesthetic desire.
 
Testing protocol
Additional experiments were 
fabricated to validate the 
potential application of metal 
strips onto glass with TSSA to 
control the amount of warpage. 
The authors had a glass size 
limitation of 914 x 1524 mm due 
to the size of the vacuum 
laminator used to cure the TSSA.
Testing commenced using 
parallel strips of metal on the 
long side of the glass as shown 
in figure 2.

Figure 2: Strips of parallel metal 
bonded with TSSA on long 
edges Figure 3 str ips of 
perpendicular metal bonded
Steel strips were compared to 
a luminum st r ips in th is 
experiment. All bonding was 
done wi th 1mm of TSSA 
thickness since no visual distress 
of the TSSA was apparent in the 
first failed experiment noted 
above.

The Parallel bonding study 
p laced the long s t r ips 
symmetrical to the center point. 
Hence there was an even 
152mm of unbonded glass at 
each end. The long strips of 
metal were 1219mm in length 
attached to the 1524mm piece of 
glass. One piece of glass used 
steel strips and the second piece 
of glass used aluminum strips. 
The metal strips used in both 
cases measured 6.4mm x 19mm 

x 1219mm long.

The perpendicular bonding study 
had the metal strips much closer 
to each other at the corner. This 
was to try and induce the 
maximum double bend in the 
corner.

After the specimens were 
fabricated and cured, the 
warpage of the glass was as 
expected, meaning the parallel 
bonding provided warpage in 
one direction and the aluminum 
strips showed more warping 
compared to the steel strips.

The perpendicular specimens 
had a double warp and again the 
measured warpage was greater 
for the aluminum compared to 
the steel.

The amount of warpage was 
measured by placing a tight 
string from one corner to the 
other and measuring the 
deflection at the maximum. 
Figure 4 shows an example of 
the measurement technique. 
Table 1 reports the data of each 
panel.

 

Figure 4 Measuring the warpage 
at the maximum deflection 
between corners 

Figure 5 Steel and Aluminum 

Table 2 Hyperelastic values
 
Results of the Design of 
Experiments
Based on the des ign o f 
experiments, the variable of the 
width of steel and the thickness 
of the TSSA has the most impact 
on the parallel and corner edge 
bonding methods. From the 
design of experiments, design 
equations can be written to 
determine deflection using 
relevant dimensions of the 
variables.

For the corner edge bonding, the 
design equation is written as 
follows:

 
Where,
Wm = Width of Metal in mm
tm = Thickness of Metal in mm
ttssa = Thickness of TSSA in mm
For the parallel boding, the 
variables of metal width and 
TSSA thickness had the most 
impact on the deflection. The 
design equation is written as 
follows:
 
Where,
Wm = Width of Metal in mm
ttssa = Thickness of TSSA in mm
The expressions can be used in 
a solver where variables can be 
iterated or held static to calculate 
for desired deflections.

Using TSSA to cold bend glass 
before final installation has 
unique applications for both 
internal and external use. This 
idea can be further explored 
using TSSA attachment points at 
specific locations on the glass 
and us i ng cab les and 
turnbuckles to custom or 
dynamically warp glass. The 

Parallel warping deflections 

Figure 6: Steel and Aluminum 
Parallel warping deflections
 
Modeling of the Phenomena
To understand the impact of 
different variables of the potential 
art, a finite element model was 
developed for a parallel bonding 
and a corner edge method. The 
intent of a parallel bonding 
method was to curve the glass 
only along one length of the lite 
where the corner edge was used 
to develop an elliptic paraboloid 
with a scallop shape through 
bending along perpendicular 
axis. (insert pics).

Important material properties for 
the model were modulus and 
Poisson Ratio for glass, 
aluminum and steel and 
hyperelastic models for the 
TSSA. Coefficient of Thermal 
Expansion (CTE) was used for 
all materials. Data for each 
material is shown in table 1 and 
2.

The model was then used to 
predict the expected curvature of 
each bonding method as the 
assembly is cooled from 130 °C 
to 23 °C due to CTE mismatch of 
the materials.

In a design of experiments using 
the model, width of steel was 
varied between 12.7 and 
38.1mm, thickness of steel 
varied between 3.175 and 
9.525mm and thickness of TSSA 
was varied between 2 and 6mm.
 

Table 1 Material properties 

amount of warping can be 
dramatic above and beyond the 
adhered metal strip approach, 
however the cables would be a 
visual chord behind the arc of the 
glazing.
 
Conclusions
Due to differences in coefficients 
of thermal expansion, metal 
bonded to the surface of a glass 
plate can create a cold bent plate 
as materials cool from the 
autoclave process to room 
temperature. Increasing the 
width of the metal connection will 
increase the amount of deflection 
in the glass plate. Increasing the 
thickness of TSSA will decrease 
the overall deflection. A parallel 
bonding technique creates a 
bend along the length of the lite 
while a corner edge bonding 
technique creates a paraboloid 
shape. These shapes can be 
incorporated into a curved or 
bubbled appearance as shown in 
Figure 7.

 

Figure 7: Warped and bubbled 
wall rendering
This creates additional design 
freedom for the architectural 
community by incorporating cold 
bent glass in glass wall design. 
Further design options are 
possible by using turnbuckles 
and cables between traditional 
TSSA attachment points on the 
glazing. Proper engineering must 
be done to accommodate the 
stresses in the glass and 
adhesive so that long term 
durability can be maintained that 
enables this design freedom.



On December 31 The National 
Speed Skating Hall was 
officially unveiled.

On December 31, with the last 
roof unit plate hoisted in place, 
the roof unit plate and facade 
curved curtain wall unit of The 
National Speed Skating Hall were 
all installed, finished the roof 
sealing and enclosure. The 
National Speed Skating Hall was 
officially unveiled!

The National Speed Skating Hall 
Finished the Roof-Sealing and 
Enclosure

At 13:30 p.m., a grand ceremony 
of " The National Speed Skating 
Hall Roof-Sealing and Enclosure 
" was held at the construction site 
of the project.

Wu Xiaonan, member of the Party 
Committee and vice President of 
Beijing State-owned Assets 
Management Co., Ltd., secretary 
of the Party Committee and 
Chairman of Board of Beijing 
National Speed Skating Hall 
Management Co., Ltd, Chen 
Daihua, secretary of the Party 
Committee and Chairman of 

Board of Beijing Urban 
Construction Group Co., Ltd., 
Ding Jianming, Vice-Director of 
Beijing Major Projects 
Construction Headquarters 
Office, Wang Gang, secretary of 
the Leading Party Members’ 
Group of Beijing Major Projects 
Construction Headquarters 
Office, Liu Yuming, head of 
Planning Construction and 
Sustainability Department of The 
Beijing Organising Committee for 
the 2022 Olympic and Paralympic 
Winter Games attended the 
ceremony.

The ceremony was also attended 
by participating units and 
principals of sub-supplier 
enterprises as well as laborers 
participating in the construction. 
Tianjin NorthGlass was awarded 
as excellent sub-supplier by the 
owner because for its outstanding 
performance in the construction of 
The National Speed Skating Hall 
project.

The Site of“The National Speed 
Skating Hall Roof-Sealing and 
Enclosure”Ceremony 

Tianjin Northglass was Awarded 

Outstanding Sub-Supplier

The National Speed Skating Hall 
project is located in the northwest 
of the south park of the Olympic 
Forest Park, adjacent to the 
National Tennis Center in the 
north. The stadium, to the east is 
Aolin West Road and to the west 
is Lincui Road. The hall, with 
about 12,000 seats and a building 
height of 33.8 meters, will 
undertake the speed skating 
competition during the 2022 
Olympic Winter Games.

The roof-sealing and enclosure of 
The National Speed Skating Hall 
marks the completion of the 2019 
goals for the construction of the 
Beijing 2022 Olympic Winter 
Games in Beijing division and 
Yanqing division. According to the 
plan, The National Speed Skating 
Hall will be completed in June 
2020 and meet the requirements 
of the test event. By then, The 
National Speed Skating Hall "Ice 
Ribbon", The National Stadium 
"Bird's Nest" and The National 
Aquatics Center "Water Cube" will 
form the landmark complex of the 
world's first "double Olympics 
city".

The National Speed Skating Hall 
(Design Sketch)

The National Stadium "Bird's 
Nest"  

The National Speed Skating Hall 
"Ice Ribbon"
 

Award certificate of the three 
Olympic Landmark Building

The facade of The National 
Speed Skating Hall is made up of 
3,360 curved glass units, each 
with a different curvature. At the 
same time, outside the curtain 
wall, there are 22 "ice ribbons" 
that hovering high and low, like 
floating around. Through close 
observation, we can also see that 
the transparent glass of the "ice 
ribbon" facade is decorated with 
white patterns like ice crystals, 
which seems to be covered with a 
crystal clear ice coat.

 
The person in charge of the 
general contractor of Beijing 
Urban Construction Group Co., 
Ltd. introduced that many 

construction techniques and 
technologies, such as the facade 
curved curtain wall and roof cable 
net structure of The National 
Speed Skating Hall, are 
innovative in China. The 
production and technical 
personnel of Tianjin NorthGlass 
worked day and night to 
successfully break through a 
number of technical difficulties.

In early September, that is, 60 
days after placing the order, 
NorthGlass successfully 
completed the supply of glass for 
The National Speed Skating Hall 
of the Olympic Winter Games. 
The National Speed Skating Hall 
is equipped with "Ice Ribbon" 
glass above the second floor- 
Small radius curved arc 
color-glazed laminated glass and 
coated tempered insulating 
energy-saving glass.

The arc facade curtain wall is 
assembled by Low-E 
energy-saving positive and 
negative bending, insulating 
tempered glass and coated 
tempered insulating 
energy-saving glass. The three 
configurations of glass sheets are 
different in shape and form a 
perfect curved curtain wall system 
after installation.

High Performance Low-E Positive 
and Negative Bending Tempered, 
Laminated and Insulting Glass 

"Ice Ribbon" Glass - Small Radius 
Color-Glazed Tempered Glass 

On September 7, Gao Li, 
President of NorthGlass, Gao Qi, 
Vice President of NorthGlass And 
General Manager Of Tianjin 
NorthGlass Came to the 
Construction Site to Check the 
Supply Progress

Looking forward to the future, 
after the Beijing 2022 Olympic 
Winter Games, The National 
Speed Skating Hall "Ice Ribbon" 
is expected to become a new 
sports complex with ice and snow 
sports as its prominent feature, a 
new landmark for people to 
experience the beautiful life in 
winter, and a "China plan" for the 
sustainable utilization of the "Ice 
Ribbon" to the world.

With the enterprise philosophy of 
"innovation is endless and hard 
work will win", NorthGlass has 
been highly recognized by the 
owner and the construction party 
through the high standard and 
high quality acceptance of 
customers. NorthGlass once 
again hand in hand with the 
Olympic Games, present for the 
motherland and cheer for the 
people!

During a recent project to 
understand the ability to use 
Transparent Structural Silicone 
Adhesive (TSSA) via linear 
bonding for cable wall fittings, a 
unique aspect of the material 
indicates a potential novel 
method for cold bending glass.

Used in long sections and small 
widths, the TSSA was able to 
effectively bend and hold shape 
after processing in an autoclave. 
The original purpose of the study 
was to evaluate at what length 
would the TSSA connection 
would fail in shear due to a 
mismatch in coefficient of 
thermal expansion for the glass 
and metal. However, the lengths 
studied indicated a potential to 
control the amount of bending 
due to length. The technique 
presents a potential art to create 
curved facades in lieu of the use 
of conventional structural 
silicone sealants under constant 
loads. As the TSSA is now the 
material under constant load, the 
curved glass could be installed in 
different façade assemblies via 
fittings.
 
Introduction:
Transparent Structural Silicone 
Adhesive (TSSA) is a unique 
crystal-clear film adhesive that is 
used to bond point supports of 
metal, typically stainless steel to 
glass. The TSSA is cured in an 
autoclave where glass is 

laminated usually with Polyvinyl 
butyral (PVB) or ionomer 
interlayers. Once the TSSA is 
cured onto the glass inside the 
autoclave, the fabrication and 
erection of the panels involves 
the simple attachment of 
engineered hardware on a 
pro ject s i te . The TSSA 
appl icat ion is a h igher 
performance option than drilled 
mechanical attachments in glass 
which include the following 
advantages:
1. Use of Tempered glass is not 
mandatory, rendering a smoother 
façade appearance
2. TSSA attachment points can 
be designed to be applied to the 
edge of glass compared to drilled 
holes that should be twice the 
glass thickness from the edge.  
3. TSSA attachments do not 
breach the cavity of an IG unit 
therefore increasing thermal 
efficiency and durability with 
regards to gas leakage 
4. Attachment fittings do not have 
to be circular and can be 
rectangular or custom designs.
5. TSSA has design stress of an 
order of magnitude higher than 
conventional wet applied 
structural silicone. 
6. Transparency is maximized 
because mechanical fitting 
dimensions are minimized by 
being able to be bonded to the 
edge of the glazing.

TSSA performance was 
introduced to the commercial 
glazing industry through 
pub l ica t ions and data 
presentations. [3-11]. The 
authors encourage the readers 
to be famil iar with these 
publications to understand the 
material science and application 
engineering that has been 
established to validate design 

and performance of TSSA.

The authors were challenged to 
assist in a design guideline for 
linear metal plates bonded to 
glass that would be used to 
support a cable net wall, an 
architectural vision of maximized 
transparency. The challenge was 
to use typical stainless steel 
plates with a different coefficient 
of thermal expansion (CTE) 
compared to glass. Generally, 
metals with a better matched 
CTE to glass are used such as 
t i tanium to control shear 
differential.

Commercial applications of this 
technology presented by Bruno, 
[9] have lengths of ~350mm to 
support the width of a glass stair 
tread. Vladimir Marinov of 
Design Engineers, London UK, 
used TSSA in lengths of 400mm 
steel pieces in triplicate on a 
piece of glass to support a car at 
the Glasstec event in 2018 in 
Dusseldorf. [12] This was labeled 
as the Gravity Project.

TSSA has a shear movement 
limitation because of its 1mm 
supplied thickness. Curved 
surfaces on flat fittings have 
successfully used 2mm of 
thickness to avoid higher 
modeled shear stresses under 
loading. [5]. The additional 
thickness was done by applying 
2 layers of TSSA in the factory 
before the autoclave cycle. 
Demonstrations of tensile 
strength on 3 layers of TSSA was 
done by Hagl. 

The idea that when induced 
shear is imminent due to thermal 
or mechanical loads, a variation 
in thickness can reduce stress. 
The is the same concept of glue 

thickness in the design of 
conventional structural silicone 
j o i n t s . The TSSA was 
demonstrated to be viable at 
thicknesses greater than 1mm.
The authors designed a simple 
experiment on a piece of clear 
tempered glass 914mm x 
1524mm x 6mm. Aluminum and 
Stainless steel bars, 25mm wide, 
were attached to glass in lengths 
of 50mm, 100mm, 150mm, 
300mm, 610mm, and 1220mm 
with both 1 and 2 layers of TSSA. 
Figure 1 shows the configuration.
 

Figure 1: Placement of metal 
bars of various lengths on glass.
The glass sheet and metal 
pieces were placed as noted in 
the sketch in Figure 1. The glass 
plate was placed in vacuum 
laminator to reside under 
vacuum and the heat was 
applied to allow the TSSA a 30 
minute soak time at 130 °C.

The purpose of the experiments 
was to observe the TSSA 
distress from the aluminum and 
steel attachments by viewing the 
TSSA through the glass. The 
distress by TSSA shown as 
whitening is an indication that the 
adhesive is near a failure point 
for loading[1]. It was expected to 
see a cohesive failure of the 
TSSA at the ends of the long 
spans of aluminum with 1mm 
thickness.

To our surprise, no failures or 
distress whitening were 
observed after the sample was 
removed from the laminator, 
however, the g lass was 
significantly deformed. This failed 
experiment resulted in the idea 

that TSSA could be used to 
permanently bend glass that 
could then be placed into 
applications where a cold bent 
piece of glass would have 
aesthetic desire.
 
Testing protocol
Additional experiments were 
fabricated to validate the 
potential application of metal 
strips onto glass with TSSA to 
control the amount of warpage. 
The authors had a glass size 
limitation of 914 x 1524 mm due 
to the size of the vacuum 
laminator used to cure the TSSA.
Testing commenced using 
parallel strips of metal on the 
long side of the glass as shown 
in figure 2.

Figure 2: Strips of parallel metal 
bonded with TSSA on long 
edges Figure 3 str ips of 
perpendicular metal bonded
Steel strips were compared to 
a luminum st r ips in th is 
experiment. All bonding was 
done wi th 1mm of TSSA 
thickness since no visual distress 
of the TSSA was apparent in the 
first failed experiment noted 
above.

The Parallel bonding study 
p laced the long s t r ips 
symmetrical to the center point. 
Hence there was an even 
152mm of unbonded glass at 
each end. The long strips of 
metal were 1219mm in length 
attached to the 1524mm piece of 
glass. One piece of glass used 
steel strips and the second piece 
of glass used aluminum strips. 
The metal strips used in both 
cases measured 6.4mm x 19mm 

x 1219mm long.

The perpendicular bonding study 
had the metal strips much closer 
to each other at the corner. This 
was to try and induce the 
maximum double bend in the 
corner.

After the specimens were 
fabricated and cured, the 
warpage of the glass was as 
expected, meaning the parallel 
bonding provided warpage in 
one direction and the aluminum 
strips showed more warping 
compared to the steel strips.

The perpendicular specimens 
had a double warp and again the 
measured warpage was greater 
for the aluminum compared to 
the steel.

The amount of warpage was 
measured by placing a tight 
string from one corner to the 
other and measuring the 
deflection at the maximum. 
Figure 4 shows an example of 
the measurement technique. 
Table 1 reports the data of each 
panel.

 

Figure 4 Measuring the warpage 
at the maximum deflection 
between corners 

Figure 5 Steel and Aluminum 

Table 2 Hyperelastic values
 
Results of the Design of 
Experiments
Based on the des ign o f 
experiments, the variable of the 
width of steel and the thickness 
of the TSSA has the most impact 
on the parallel and corner edge 
bonding methods. From the 
design of experiments, design 
equations can be written to 
determine deflection using 
relevant dimensions of the 
variables.

For the corner edge bonding, the 
design equation is written as 
follows:

 
Where,
Wm = Width of Metal in mm
tm = Thickness of Metal in mm
ttssa = Thickness of TSSA in mm
For the parallel boding, the 
variables of metal width and 
TSSA thickness had the most 
impact on the deflection. The 
design equation is written as 
follows:
 
Where,
Wm = Width of Metal in mm
ttssa = Thickness of TSSA in mm
The expressions can be used in 
a solver where variables can be 
iterated or held static to calculate 
for desired deflections.

Using TSSA to cold bend glass 
before final installation has 
unique applications for both 
internal and external use. This 
idea can be further explored 
using TSSA attachment points at 
specific locations on the glass 
and us i ng cab les and 
turnbuckles to custom or 
dynamically warp glass. The 

Parallel warping deflections 

Figure 6: Steel and Aluminum 
Parallel warping deflections
 
Modeling of the Phenomena
To understand the impact of 
different variables of the potential 
art, a finite element model was 
developed for a parallel bonding 
and a corner edge method. The 
intent of a parallel bonding 
method was to curve the glass 
only along one length of the lite 
where the corner edge was used 
to develop an elliptic paraboloid 
with a scallop shape through 
bending along perpendicular 
axis. (insert pics).

Important material properties for 
the model were modulus and 
Poisson Ratio for glass, 
aluminum and steel and 
hyperelastic models for the 
TSSA. Coefficient of Thermal 
Expansion (CTE) was used for 
all materials. Data for each 
material is shown in table 1 and 
2.

The model was then used to 
predict the expected curvature of 
each bonding method as the 
assembly is cooled from 130 °C 
to 23 °C due to CTE mismatch of 
the materials.

In a design of experiments using 
the model, width of steel was 
varied between 12.7 and 
38.1mm, thickness of steel 
varied between 3.175 and 
9.525mm and thickness of TSSA 
was varied between 2 and 6mm.
 

Table 1 Material properties 

amount of warping can be 
dramatic above and beyond the 
adhered metal strip approach, 
however the cables would be a 
visual chord behind the arc of the 
glazing.
 
Conclusions
Due to differences in coefficients 
of thermal expansion, metal 
bonded to the surface of a glass 
plate can create a cold bent plate 
as materials cool from the 
autoclave process to room 
temperature. Increasing the 
width of the metal connection will 
increase the amount of deflection 
in the glass plate. Increasing the 
thickness of TSSA will decrease 
the overall deflection. A parallel 
bonding technique creates a 
bend along the length of the lite 
while a corner edge bonding 
technique creates a paraboloid 
shape. These shapes can be 
incorporated into a curved or 
bubbled appearance as shown in 
Figure 7.

 

Figure 7: Warped and bubbled 
wall rendering
This creates additional design 
freedom for the architectural 
community by incorporating cold 
bent glass in glass wall design. 
Further design options are 
possible by using turnbuckles 
and cables between traditional 
TSSA attachment points on the 
glazing. Proper engineering must 
be done to accommodate the 
stresses in the glass and 
adhesive so that long term 
durability can be maintained that 
enables this design freedom.



Cost Effective Laser Jewelry Manufacturing 
and Repair Solutions from Coherent at 

Vicenzaoro T.GOLD 2020

At Vicenzaoro T.GOLD (January 
17 - 22, 2020, Vicenza, Italy), 
Coherent will once again 
showcase a range of systems 
which offer advanced 
functionality and exceptional 
ease-of-use, thus providing 
jewelers and goldsmiths with 
better and faster results, while 
also lowering their costs. In 
pavilion 9, booth 30, Coherent 
will present a range of products 
from manual welders to fully 
automated manufacturing 
systems: 

Desktop and Performance series 
manual welding systems: these 
products enable the user to 
achieve the unmatched quality of 
laser welded joints, yet are easy 
and fast to use. They can 
process a variety of materials, 
including silver, gold, platinum, 
titanium, and steel. The Desktop 
is a compact system that takes 
up minimal space, and is ideal 
for repair and short run 
production use. Performance 

series are full size systems which 
offer the next step up in terms of 
flexibility, control and capabilities, 
as well as the abil i ty to 
accommodate longer or bulkier 
workpieces. Performance 
products offer a range of 
advanced technologies and 
convenience features, such as 
SweetSpot Resonator® assuring 
constant weld quality from the 
very first pulse, SPEEDmode 
increasing the maximum pulse 
frequency significantly, Dynamic 
Foot Switch providing an intuitive 
control of welding speed or 
strength on-the-fly, and 
XE-Power package including 
various extra features to 
empower the process. This 
makes it easy to achieve virtually 
perfect welds on metals and 
alloys, including highly reflective 
ones. Plus, heavy duty 
construction makes Performance 
systems production workhorses 
which can operate in demanding, 
24/7 manufactur ing 
environments.

EasyJewel laser engraving 
system: a compact, desktop 
system that marks and engraves 
– even in 3D – metals, alloys, 
polymers, as well as ceramics 
with unmatched quality and 
consistency. It features 
SmartView an integrated camera 
system that allows the operator 
to visualize precisely where the 
mark will be placed before 
processing, thus ensuring 
successful results. A Ring 
Marking Module simplifies the 
task of creating sophisticated, 
distortion free marks on either 
the inner or outer radius of rings 
or other curved parts.  

The product portfolio is rounded 
off by the ExactCut, an 
automated fiber laser-based 
cutting, CNC controlled 
micromachining system that 
combines precision mechanics 
and an easy-to-use software 
interface to enable cutting of 
virtually any metal, as well as 
sapphire. ExactCut provides an 
efficient way to cut even complex 
geometries into parts with 
excellent edge quality. Its 
software interface facilitates 
rapid changeovers making it a 
cost-effective solution for short 
production runs.  

Coherent has become a leading 
innovator in laser-based systems 
for jewelry production and repair. 
In fact, the company has sold 
over 10,000 systems, and is the 
laser manufacturer with the 
longest history and greatest 
experience in the jewelry and 
goldsmithing businesses.



DELO and Xaar Partner to Enable Ultra 
High Viscosity Jetting of Optical Materials

Xaar’s Ultra High Viscosity jetting 
capability is proving instrumental in 
enabling German-based adhesives 
specialist DELO to successfully jet 
materials with viscosities up to 250 
mPa·s at room temperature, offering 
benefits for many industries 
including consumer and automotive 
optical applications.

Most inkjet printheads are capable 
of jetting materials with viscosities 
with a range of 10-25 mPa·s (10-25 
cP). Thanks to Xaar’s unique TF 
Technology, DELO’s advanced 
optical f luids which have 
significantly higher viscosities can 
now be successfully jetted. In this 
application, fluids with a viscosity of 
250 mPa·s at room temperature are 
heated to 43°C, reducing the 
viscosity to 63.5 mPa·s and 
enabling them to be effectively 
ejected with Xaar’s printheads.

UV-curing polymers are increasingly 
used for optical elements in 
consumer electronics and 
automotive applications (image 
courtesy: DELO)
 
Having the capability to jet fluids 
with viscosities greater than 25 
mPa·s provides much more 
flexibility for manufacturers of optical 
elements in consumer electronics 
and automotive applications, 
offering an alternative or addition to 
the predominantly used imprint 
technology for selected applications 
like micro lenses.

For nano-imprint applications, 
inkjet-printing can also replace 
spin-coating, reducing material 

waste by up to 80 percent. 
Manufacturers can now use Xaar’s 
inkjet technology to create thin 
protective layers, reduce reflection 
losses or build light blocking 
structures or spacers. The capability 
is also proving valuable for 
3D-printing to create single (micro) 
lenses and whole micro-lens arrays.

Optical material from DELO printed 
at 43 °C (approx. 65 cP) in 3-Cycle 
mode showing 7 drop sizes (8 levels 
of greyscale) ranging from 12 pL to 
84 pL at 6 kHz. Enabled by Xaar’s 
High Viscosity capability featuring 
TF Technology
 
DELO has worked closely with Xaar 
to evaluate and develop this 
application using Xaar’s new 5-step 
process. The new programme uses 
Xaar’s technical expertise and 
facilities, with dedicated laboratory 
space. The process helps with initial 
fluid evaluation and guidance 
through to sample production and 
application development, enabling 
customers to evaluate the 
technology with confidence. 
Continued support, technical advice 
and application improvements also 
form part of the process.

Optical materials based on 
UV-curing polymers instead of glass 
or injection-moulded plastics have 
become increasingly widespread in 
recent years. They are used as 
lenses for applications like 
flashlights, time-of-flight-sensors or 
diffractive optical elements (DOEs) 
for structured light emitters and 
miniature cameras.

DELO provides fast UV curing 
materials with excellent optical 
properties such as a matched 

refractive index, high transmission 
and non-yellowing. They are all 
solvent-free and provide adjusted 
mechanical functions and stability as 
well as good adhesion and 
application on various substrates.
“Xaar’s Ultra High Viscosity 
capability enables us to jet optical 
materials with digitally controlled 
precision,” comments Karl Bitzer, 
Head of Product Management at 
DELO. “We’ve been extremely 
impressed with the initial results 
which deliver both increased 
functionality of the fluid in the 
application and material savings and 
efficiencies.”

The precise placement of tiny 
droplets, a few picolitres in size, 
makes inkjet printing ideal for 
coating and protecting thin layers to 
achieve optical correction. It has 
proved to be a viable alternative to 
spin coating and other dispensing 
methods and has significantly 
reduced material waste, saving up 
to 80%.

Xaar’s unique recirculating TF 
Technology ensures unbeatable 
performance and excellent reliability 
without any nozzle blocking from 
large particles due to the fluid being 
kept in constant motion. It also offers 
increased functional capabilities for 
materials developers – such as 
flexibility, low migration and 
increased gamut.

“While many printheads now 
incorporate recirculation, Xaar’s 
unique TF Technology is 
characterised by the recirculation 
being directly behind the nozzles at 
a very high flow rate, enabling the 
laydown of high-viscosity materials,” 
comments Mike Seal, Business 
Development Manager at Xaar. 
“This, together with our range of 
proven printheads, means we can 
provide advanced material suppliers 
like DELO with a new solution for 
their specific manufacturing 
applications.” 
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