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Thin glass probably never have the chance to come in a metastable configuration.
Because of lack of sustain any compressive normal forces: membrane behaviour.

thin glass is more sensitive to buckling.
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VERTICAL PRODUCTION PROCESS FLAT GLASS

1. Down-drawn 2. Fusion overflow
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Na

Glass 3Molten salt bath KNO

+
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Glass 3Molten salt bath KNO
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+
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In a salt bath

thickness not limited
size is limited to 1.5m 1.5m

by ion-exchange

CHEMICAL STRENGTHENINGThin glass is designated to

Na

Glass 3Molten salt bath KNO

+

+K

Glass 3Molten salt bath KNO
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Chemical strengthening method is

8X 
tougher 

than thermal tempering method

Annealed

Value

Prestressing method

45

70

120

750-1000*

in MPa [N/mm ]

Heat-strengthened

Fully tempered

Chemically strengthened

2
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8X 
tougher 

than thermal tempering method

HIGH STRENGTH THIN GLASS

Annealed

Value

Prestressing method

45

70

120

750-1000*

in MPa [N/mm ]

Heat-strengthened

Fully tempered

Chemically strengthened

2
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Reached: 225 MPa
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bending tensile strength!
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> 3 of 4 above 30000N

> 2 of 4 force/strain 
functions are not linear

circa 3000 kg

Specimen 5

St
an

da
rd

 f
or

ce
 [

N
]

0

5000

10000

15000

20000

Strain [mm]

-15 0 15 30 45 60Specimen 6

St
an

da
rd

 f
or

ce
 [

N
]

-10000

0

10000

20000

30000

40000

Strain [mm]

-15 0 15 30 45 60

Specimen 6

St
an

da
rd

 f
or

ce
 [

N
]

-10000

0

10000

20000

30000

40000

Strain [mm]

-15 0 15 30 45 60

Fo
rc

e 
in

 N

Fo
rc

e 
in

 N

Fo
rc

e 
in

 N

Fo
rc

e 
in

 N

Strain in mm Strain in mm

Strain in mmStrain in mm



81 / 172 INTRODUCTION RESEARCH 
DEFINITION

LITERATURE 
RESEARCH

DESIGN 
CONCEPT

EXPERIMENTAL 
INVESTIGATION

PRELIMINARY 
DESIGN

NUMERICAL 
INVESTIGATION

DEFINITIVE 
DESIGN

DESIGN
IDEA

EXPERIMENTAL 
INVESTIGATION

STANDARD TEST 
METHODS

NON-STANDARD 
TEST METHOD

PULL-OUT TEST
DESIGN
PREPERATION

CONCLUSION

RESULTS & 
DISCUSSION

RESULTS SPECIMENS

> 3 of 4 above 30000N

> 2 of 4 force/strain 
function is not linear

circa 3000 kg

because of failure 
adhesive between 
glass and alumium 
plate
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TEST RESULT SPECIMEN #1

Failure at
36 286 N
3.570 mm



83 / 172 INTRODUCTION RESEARCH 
DEFINITION

LITERATURE 
RESEARCH

DESIGN 
CONCEPT

EXPERIMENTAL 
INVESTIGATION

PRELIMINARY 
DESIGN

NUMERICAL 
INVESTIGATION

DEFINITIVE 
DESIGN

DESIGN
IDEA

EXPERIMENTAL 
INVESTIGATION

STANDARD TEST 
METHODS

NON-STANDARD 
TEST METHOD

PULL-OUT TEST
DESIGN
PREPERATION

CONCLUSION

RESULTS & 
DISCUSSION

TEST RESULT SPECIMEN #2

Failure at
19 038 N
3.184 mm
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TEST RESULT SPECIMEN #3

Failure at
30 164 N
3.576 mm
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Failure at
32 767 N
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1/3
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...of course, there has to be a design safety 
factor taken into account

1/3
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WHERE TO APPLY THE SUPPORT?

Thin glass

Goal: equal stress distribution within the glass sheet

A. Linear distributed support

1 2 3

1

1 2 3

B. Linear support

C. Punctiform support

Adhesive surface area

Tensioning method | force & geometry
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HOW DOES THE SUPPORT GOING TO LOOK LIKE?

STRENGTH

Reviewed aspects:
Easiness of fabrication & assembling
Structural behaviour
Lightweightness

OPPORTUNITY

WEAKNESS

THREAT
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Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

FRP

Connection method 6

Thin glass

Tensioning cable

Aluminium

Stainless steel

FRP

Connection method 7

Thin glass
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Stainless steel

Connection method 8

Thin glass
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Stainless steel

Connection method 9

Thin glass
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Thin glass
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#1

#5

#9

#2

#6

#10

#3

#7

#11

#4

#8

DYNAMIC EDGE 
STIFFNESS

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10
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Thin glass

Connection method 1
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Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass
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Stainless steel

FRP

Connection method 3

Thin glass
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Stainless steel

FRP

Connection method 4

Thin glass

Bolted connection
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FRP

Connection method 5

Thin glass
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FRP

Connection method 6

Thin glass

Tensioning cable
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FRP

Connection method 7

Thin glass
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Stainless steel

Connection method 8

Thin glass
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Stainless steel

Connection method 9

Thin glass

Aluminium
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Connection method 12

Thin glass
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Thin glass
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Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#1

#5

#9

#2

#6

#10

#3

#7

#11

#4

#8
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Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

#1 #2 #3 #4
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Thin glass

Connection method 1
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Stainless steel

Connection method 2

Thin glass
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Stainless steel

FRP

Connection method 3

Thin glass
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FRP

Connection method 4

Thin glass

Bolted connection
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FRP

Connection method 5

Thin glass
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Connection method 6

Thin glass

Tensioning cable
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Connection method 7

Thin glass
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Connection method 8

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12
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Thin glass
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Connection method 3

Thin glass
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Rubber/POM/Neoprene

Connection method 10

#1

#5
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#2

#6

#10

#3

#7

#11

#4

#8

CATEGORY EXTRUDED PROFILE
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Connection method 12
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Thin glass
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Connection method 3

Thin glass
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Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

Stainless steel

Connection method 8

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#5 #8

CATEGORY BOLTED CONNECTION
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Thin glass

Bolted connection

Aluminium
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Connection method 5

Thin glass
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Stainless steel

Connection method 8

Thin glass
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Stainless steel
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Connection method 3
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Connection method 10

#5 #8
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Thin glass
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Thin glass
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Thin glass

Aluminium

FRP

Connection method 6

Thin glass

Tensioning cable
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FRP

Connection method 7

Thin glass
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Stainless steel

FRP

Connection method 3

Thin glass
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Stainless steel

Rubber/POM/Neoprene

Connection method 10

#6 #7

CATEGORY LACING
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Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass
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Stainless steel

Connection method 2

Thin glass
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Stainless steel

FRP

Connection method 3

Thin glass
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Connection method 4

Thin glass

Bolted connection
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Connection method 5

Thin glass
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Connection method 6

Thin glass

Tensioning cable
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Connection method 7

Thin glass
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Connection method 8

Thin glass
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Connection method 9

Thin glass
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Connection method 12

Thin glass
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Thin glass
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Connection method 3

Thin glass

Aluminium
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Rubber/POM/Neoprene

Connection method 10

#1
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DESIGN
IDEA

PRELIMINARY 
DESIGN

DESIGN OF THE 
CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

FRP

Connection method 6

Thin glass

Tensioning cable

Aluminium

Stainless steel

FRP

Connection method 7

Thin glass

Aluminium

Stainless steel

Connection method 8

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#1

#5

#9

#2

#6

#10

#3

#7

#11

#4

#8

CATEGORY EXTRUDED PROFILE

CATEGORY BOLTED
CONNECTION

CATEGORY 
LACING



108 / 172 INTRODUCTION RESEARCH 
DEFINITION

LITERATURE 
RESEARCH

DESIGN 
CONCEPT

EXPERIMENTAL 
INVESTIGATION

PRELIMINARY 
DESIGN

NUMERICAL 
INVESTIGATION

DEFINITIVE 
DESIGN

DESIGN
IDEA

PRELIMINARY 
DESIGN

DESIGN OF THE 
CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#9 #11

CATEGORY SUBSTRUCTURE
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IDEA

PRELIMINARY 
DESIGN

DESIGN OF THE 
CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#9 #11

CATEGORY SUBSTRUCTURE
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PRELIMINARY 
DESIGN

DESIGN OF THE 
CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

FRP

Connection method 6

Thin glass

Tensioning cable

Aluminium

Stainless steel

FRP

Connection method 7

Thin glass

Aluminium

Stainless steel

Connection method 8

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#1

#5

#9

#2

#6

#10

#3

#7

#11

#4

#8

CATEGORY EXTRUDED PROFILE

CATEGORY BOLTED
CONNECTION

CATEGORY 
LACING

CATEGORY SUB-
STRUCTURE
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Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

FRP

Connection method 6

Thin glass

Tensioning cable

Aluminium

Stainless steel

FRP

Connection method 7

Thin glass

Aluminium

Stainless steel

Connection method 8

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#1

#5

#9

#2

#6

#10

#3

#7

#11

#4

#8

CATEGORY EXTRUDED PROFILE

CATEGORY BOLTED
CONNECTION

CATEGORY 
LACING

CATEGORY SUB-
STRUCTURE
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DYNAMIC EDGE 
STIFFNESS

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#10

CATEGORY CLEAN CONNECTION
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SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

FRP

Connection method 6

Thin glass

Tensioning cable

Aluminium

Stainless steel

FRP

Connection method 7

Thin glass

Aluminium

Stainless steel

Connection method 8

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#1

#5

#9

#2

#6

#10

#3

#7

#11

#4

#8

CATEGORY EXTRUDED PROFILE

CATEGORY BOLTED
CONNECTION

CATEGORY 
LACING

CATEGORY 
CLEAN CONNECTIONCATEGORY SUB-

STRUCTURE
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Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

I

II III

IV V

CATEGORY EXTRUDED PROFILE

CATEGORY BOLTED
CONNECTION

CATEGORY 
LACING

CATEGORY 
CLEAN CONNECTIONCATEGORY SUB-

STRUCTURE
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CATEGORY I EXTRUDED PROFILE

DYNAMIC EDGE 
STIFFNESS

Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

#1 #2 #3 #4

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10
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- TOO HEAVY

CATEGORY I EXTRUDED PROFILE

DYNAMIC EDGE 
STIFFNESS

Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

#1 #2 #3 #4

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3
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- HIGH INTERNAL STRESSES
IN EXTRUDED PROFILE

CATEGORY I EXTRUDED PROFILE

DYNAMIC EDGE 
STIFFNESS

Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

#1 #2 #3 #4

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3
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- DIFFICULT TO FABRICATE

CATEGORY I EXTRUDED PROFILE

DYNAMIC EDGE 
STIFFNESS

Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

#1 #2 #3 #4

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3



119 / 172 INTRODUCTION RESEARCH 
DEFINITION

LITERATURE 
RESEARCH

DESIGN 
CONCEPT

EXPERIMENTAL 
INVESTIGATION

PRELIMINARY 
DESIGN

NUMERICAL 
INVESTIGATION

DEFINITIVE 
DESIGN

DESIGN
IDEA

PRELIMINARY 
DESIGN

DESIGN OF THE 
CONNECTION

SWOT ANALYSES

- DIFFICULT TO ASSEMBLY

CATEGORY I EXTRUDED PROFILE

DYNAMIC EDGE 
STIFFNESS

Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

#1 #2 #3 #4

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3
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PRELIMINARY 
DESIGN

DESIGN OF THE 
CONNECTION

SWOT ANALYSES

+ TENSILE STRESSES CAN BE CONTROLED 
BY COMPOSITE MATERIAL

CATEGORY I EXTRUDED PROFILE

DYNAMIC EDGE 
STIFFNESS

Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

#1 #2 #3 #4

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3
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Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

Stainless steel

Connection method 8

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

#5 #8

CATEGORY II BOLTED CONNECTION
PRELIMINARY 
DESIGN

DESIGN OF THE 
CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

- DISTANCE BETWEEN PANELS
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Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

Stainless steel

Connection method 8

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

#5 #8

CATEGORY II BOLTED CONNECTION
PRELIMINARY 
DESIGN

DESIGN OF THE 
CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

+ REDUCED DISTANCE BETWEEN PANELS
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DEFINITIVE 
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DESIGN
IDEA

Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

Stainless steel

Connection method 8

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

#5 #8

CATEGORY II BOLTED CONNECTION
PRELIMINARY 
DESIGN

DESIGN OF THE 
CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

- LOTS OF BOLTS
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DESIGN OF THE 
CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

Thin glass

Aluminium

FRP

Connection method 6

Thin glass

Tensioning cable

Aluminium

Stainless steel

FRP

Connection method 7

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

#6 #7

CATEGORY III LACING

- DIFFICULT TO MOUNT
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CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#9 #11

CATEGORY IV SUBSTRUCTURE

- LOTS OF SUBSTRUCTURE > LOOSING TRANSPARENCY



126 / 172 INTRODUCTION RESEARCH 
DEFINITION

LITERATURE 
RESEARCH

DESIGN 
CONCEPT

EXPERIMENTAL 
INVESTIGATION

PRELIMINARY 
DESIGN

NUMERICAL 
INVESTIGATION

DEFINITIVE 
DESIGN

DESIGN
IDEA

PRELIMINARY 
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DESIGN OF THE 
CONNECTION

SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#9 #11

CATEGORY IV SUBSTRUCTURE

- NO CONTROL OF APPLIED TENSION
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DYNAMIC EDGE 
STIFFNESS

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#9 #11

CATEGORY IV SUBSTRUCTURE

+/- ADDED SUBSTRUCTURE OF RUBBER CAN BE STRAINED
BUT HAS NO CAPABILITY OF TRANSFERRING TENSION
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SWOT ANALYSES

DYNAMIC EDGE 
STIFFNESS

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#9 #11

CATEGORY IV SUBSTRUCTURE

+ ADDING FIBRES WOULD GIVE THE POSSIBILITY OF 
TRANSFERRING TENSILE STRESSES
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Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#10

CATEGORY V CLEAN CONNECTION

+ BETTER TO MAKE IT FROM 1 
MATERIAL WITHOUT THE USE 
OF EXTRA CONSTRUCTION 
MATERIAL
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Thin glass

Connection method 1

Aluminium

Stainless steel

Thin glass

Aluminium

Stainless steel

Connection method 2

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

FRP

Connection method 4

Thin glass

Bolted connection

Aluminium

FRP

Connection method 5

Thin glass

Aluminium

FRP

Connection method 6

Thin glass

Tensioning cable

Aluminium

Stainless steel

FRP

Connection method 7

Thin glass

Aluminium

Stainless steel

Connection method 8

Thin glass

Aluminium

Stainless steel

Connection method 9

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 12

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

#1

#5

#9

#2

#6

#10

#3

#7

#11

#4

#8

CATEGORY EXTRUDED PROFILE

CATEGORY BOLTED
CONNECTION

CATEGORY 
LACING

CATEGORY 
CLEAN CONNECTIONCATEGORY SUB-

STRUCTURE
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STIFFNESS

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Thin glass

Aluminium

Stainless steel

FRP

Connection method 3

Thin glass

Aluminium

Stainless steel

Rubber/POM/Neoprene

Connection method 10

CATEGORY EXTRUDED PROFILE

CATEGORY BOLTED
CONNECTION

CATEGORY 
LACING

CATEGORY 
CLEAN CONNECTIONCATEGORY SUB-

STRUCTURE
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WITH A COMPOSITE MATERIAL NEEDED STRAIN/TENSION CAN BE CONTROLLED
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FRP9 FRP9

FRP1 FRP3

FRP3

FRP3

FRP3 FRP1Thin glass
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FRP1 FRP9

FRP9
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FRP9 FRP9

I. Twisting from the    
 middle

II. Twisting from the   
 corners

III. Twisting from the    
 corners

DYNAMIC EDGE STIFFNESS: THREE MODELS
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A.  Constant stiffness B. Linear 
 decreased stiffness

C. Linear increased    
 stiffness
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APPLYING THE 5 DIFFERENT STIFFNESS GRADIENTS TO THE MODELS

How far the thin glass plate can be 
twist within allowable generated 
stresses?
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B. Linear decreased   
 stiffness

Model III

NUMERICAL 
INVESTIGATION

THREE NUMERICAL 
MODELS

RESULTS & 
DISCUSSION

CONCLUSION

FIVE DIFFERENT 
STIFFNESS 
GRADIENTS

MODEL III TWISTING FROM & AT THE CORNERS

dZ =  30mm

tFRP =  50mm

tGlass =  0.55mm

Maximum twist

> Highest tension in the FRP



142 / 172 INTRODUCTION RESEARCH 
DEFINITION

LITERATURE 
RESEARCH

DESIGN 
CONCEPT

EXPERIMENTAL 
INVESTIGATION

PRELIMINARY 
DESIGN

NUMERICAL 
INVESTIGATION

DEFINITIVE 
DESIGN

DESIGN
IDEA

TxzTxz

Txz
Txz

Txz

Txz
Txz

Txz

Txz

Txz
Txz
Txz

Tyz Tyz
Tyz

TyzTyz
Tyz

Tyz
Tyz

Tyz

Tyz
Tyz

Tyz

Txyz

Txyz

Txyz

Txyz

dZ

dZ

-dZ

-dZ

x
y

z

Model III

NUMERICAL 
INVESTIGATION

THREE NUMERICAL 
MODELS

RESULTS & 
DISCUSSION

CONCLUSION

FIVE DIFFERENT 
STIFFNESS 
GRADIENTS

MODEL III STIFFNESS IN THE CORNERS NEED TO BE HIGHER THAN MIDDLE

dZ =  20mm
tFRP =  50mm

tGlass =  0.55mm

Maximum twist

> Highest tension in the glass

C. Linear increased  
 stiffness
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APPLYING THE 5 DIFFERENT STIFFNESS GRADIENTS TO THE MODELS
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APPLYING THE 5 DIFFERENT STIFFNESS GRADIENTS TO THE MODELS

Stresses too high, not able to twist dZ = 20-30mm

tFRP = 50mm

tGlass = 0.55mm
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APPLYING THE 5 DIFFERENT STIFFNESS GRADIENTS TO THE MODELS

dZ = 20mm

tFRP = 5mm

tGlass = 0.55mm
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I.  Twisting from the middle
 Supports difficult to design

II.  Twisting from the cornes
 FRP gets too thin
 Connection in mind would fail

III.  Twisting from the cornes
 FRP thick enough where the  
 connection is in mind

Thin glass

FRP
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