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Thin Glass

Built environment
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2mm Alumino silicate

6mm Soda lime

Alumino silicate - 1720

Density (kg/m3) 2520
Thickness (m) 0,002
Weight (kg) 5,04
Embodied energy, primary production 13,95 70,308
CO2 footprint, primary production 0,9405 4,74012
Water usage 21,15 106,596
Glass molding energy 11,15 56,196

Processing energy, CO2 footprint & water

Glass molding CO2 0,892 4,49568
Glass molding water 3,94 19,8576
Grinding energy (per unit wt removed) 33,8 170,352
Grinding CO2 (per unit wt removed) 2,535 12,7764
CO2 KG 22,0122
WATER LITER 126,4536
ENERGY M) 226,548

Soda lime - 0080

Density (kg/m?3)

Thickness (m)

Weight (kg)

Embodied energy, primary production 10,6
CO2 footprint, primary production 0,758
Water usage 14,35
Glass molding energy 8,655

Processing energy, CO2 footprint & water
Glass molding CO2 0,6925
Glass molding water 3,06

Grinding energy (per unit wt removed) 26,95

Grinding CO2 (per unit wt removed) 2,02
CO2 KG
WATER LITER
ENERGY MJ

2470
0,006
14,82

157,092
11,23356
212,667
128,2671

10,26285
45,3492

399,399
29,9364

51,43281
258,0162
527,6661

234%
204%
233%

Estimation based on data from:
CES Edupack 2015. Soda lime — 0080, Alumino silicate - 1720 (Granta Design Limited). 2015.



Hundevad (2014)

20 % energy reduction demands for a 10m? roof

6mm heat Jrempered X Imm Chemica”y ’rempered g|0|ss

2 x 6mm Heat Tempered glass 2 X 1mm Chem temp Glass. Source
1000 1000
Weight 30 30000 kg 5 5000 kg
Float Glass 30 Ml/kg 30 900000 MJ  69% 30 150000 WU 69%
Tempering 1 Ml/kg 1 30000 MJ 2% 1 5000 MJ 2% Xinology.com
Shipping Assume 5000km 2500 375000 M) 29% 2500 62500 MJ 29% US Trade Dept.
Road 2500 kJ/t km
TOTAL 1305000 M) 217500 M)
Gallons of Gas 122 MJ/gal 10697 Gallons 1783 Gallons
House Consumption USA Average 10500 kWh 37800 MIJ 37800 MJ

35 Households 6 Households



Thin Glass
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Research question

How can a thin glass double skin facade panel be

made qdqptive?



HOW can a ’cl'un g'].G.SS dOU.]D].G skin fo.gade panel ]DG

made ad.o.p’cive?

1. To what purposes can a thin g|oss pone| be made odop’rive?
2. How does bending influences the stress generation in the thin glass panel?

3. What are the influences of bending and thickness on the load resistance of the thin
glass panel?

4. What are the possibilities of movement for this panel?

5. How can supports influence the movement Tjnd geometry of the thin glass adaptive
?
panel:

6. How to translate the necessary degrees of freedom for the movement of the panel to
its detailing?



Research structure

Literature Review and definition of research focus

Understand the behavior of the material in the context of facade
adaptive panel

Development of an example of a thin glass adaptive fcgode
oanel




Research structure

Literature Review and definition of research focus

* Analyze current applications

 Explore different possibilities, to understand the material and
possible applications




Research structure

Understand the behavior of the material in the context of facade
adaptive panel

* Study models and Numerical models for the simulation of
bending

* Numerical models applying wind loads to the thin glass panel.

. S’rudy of possib|e movements and supports by numerical
models




Research structure

Deve|opmen’r of an exomp|e of a thin g|c:ss odop’rive fagode
oanel

* Analyze possible design strategies based on developed
knowledge

* Select most suitable design strategy for detailing
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Geometry Exploration
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e Structural Elements

* Planar panels
* Single Radius

e Double Curvature
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Unique characteristics

* [ransparency
e Adaptability
e Flexibility

Development of low mass adaphve panels/strucmres



Adaptive Structures/Facades

L.
—l—
®
R
Q
—l—
-
N
®
20
0
<.
0
g

e Change of properties/shape;
* Respond to the necessities of the building;

* Enhance the performance of a building;

* And/or the comfort of the occupants.
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Adaptive Structures/Facades

* Active Bending
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Adaptive Structures/Facades

* Adaptive fritting
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Adaptive Structures/Facades

e Control - Material

(Sung, D. et al. Bloom. 2011)



Adaptive Structures/Facades — Thin Glass
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Facade
e Adapt without obstructing the view;
¢ Light weight - lower loads on the main structure.
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Adaptive Structures/Facades — Thin Glass

Facade
e Ventilation

° Wlﬂd ‘OOC] red uction (Addp’rive Facade for Wind load reduction in High-rise, P.

Vongsingha 2015)
¢ ACOUSHC (Acousﬂco| Invisible Envelopes, Holger Techen, QO]S)

* Sun shading (fritting -Agbar Tower)

* Visua
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Literature Review




Conclusions
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* Facade

e Double skin

Deve|opmen+ of transparent low mass odop’rive pone|s In @
double skin facade



Study Models

* Physical Model

e Numerical Models
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Numerical models

* Initial bending

e Movement bending

* Wind loads
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Numerical models

¢ Definition of plate size
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Numerical models

* Initial bending

e Movement bending
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Numerical models

* Wind Load

* 1 KN/m? perpendicular pressure
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Wind load

* Non convergence
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Numerical models

¢ 1750 mm wide thin glass plate

¢ 1.1mm thick glass
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Thin Glass Adaptive panel

* Support

e Move

* Degrees of Freedom
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Material Behavior




How to Support

* Protect edges
e Avoid stress concentration

e Allow movement
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* Avoid blocking the view




Material Behavior
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How to Move

* Evidence of movement
* Avoid multiple actuators

* Increase stiffness by geometry

* Double curvature is constrained by the strain of the
glass plate
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Material Behavior
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Move and Support

e Degrees of freedom
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1 degree of freedom
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Z
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Move and Support

* Number ano type of supports can influence the
geometry

* Fewer olegrees of freedom - stress concentration

* More degrees of freedom - excess of complexity on
design or unpredictability

e Suitable type of support and degrees of freedom
depends on the desired movement and geometry
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Parameters for design solution

* [ransparency
e Stiffness

* Adaptiveness

* Feasibility
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+3.2777Te+002
03%

+3.02561e+002
03%

+2.77345e+002
03%

+2.52128e+002
03%

+2.2601 2e+002
+2.01636e+002
+1.76480e+002
+1.51264e+002
+1.26047e+002
+1.00831e+002

+7.56151e+001
16.3%

+3.51390e+002
4.2%

+3.26990e+002
4.2%

+3.06591e+002
8.3%

+2.64191e+002

4.2%
+2 61791e+002

4.2%

+2.38392e+002
4.2%

+2.16992e+002
4.2%

+1.94592e+002
4.2%

+1.72193e+002
8.3%

+1.48793e+002
4.2%

+1.27394e+002
4.2%

+1.04994e+002
4.2%

+5.25942e+001
4.2%

+6.01945e+001
4.2%

+3.77948e+001
8.3%

+1.53952e+001
25.0%

-7 .00448e+000

'./////////////////////K///////_-":

T 77 7 7 7 777777777777 777777777777
ST 7 7 7 7 7 77 777 7 77 7777777777

VAT AT AT A A A AT A A A A A A A Al

+3.23822e+002
+3.03203e+002
+2.82583e+002
+2 E1964e+002
+2.41344e+002
+2.207 25e+002
+2.00105e+002
+1.79486e+002
+1 58366e+002
+1.38247e+002
+1 17627e+002
+3.70079e+001
+7 E3334e+001
+5 57689e+001
+3.51484e+001
+1.45299e+001

230%
-6 08863e+000

/0MP3a

+7.02186e+001
51%

+6.55250e+001
5.1%

+6.1431 3e+001
2B%

+5. 7037 7e+001

26%
+5. 26441 e+001

26%

+4.52504e+001
73%

+4.35565e+001
10.5%

+3.94632e+001
6.6%

+3.50695e+001
9.0%

+3.06759e+001
9.0%

+2 B28238+001
5.3%

+2.18386+001
S1%

+1.74350e+001
6.4%

+1.31014e+001
S1%

+8 7077 Se+000
S1%

+4.3141 2e+000
12.8%

-7.85137e-002

45MPa

+4.54806e+001
+4.26438e+001
+3.97970e+001
+3.69302e+001
+3.41035e+001

+3.12367e+001
+2.54093e+001
+2.55631 e+001
+2.27163e+001
+1.98695e+001
+1.70227e+001
+1.41758e+001
+1.13281 e+001
+5.458235e+000
+5 B3556e+000
+2.75877e+000

1M.7%
-5.80192e-002




+3 8542104002
+3.61329e+002
+3.37238e+002
+3.131 46e+002
. 0.5%
+2 39054e+002
. 07%
+2 F4953e+002
+2 4087 1e+002
+2 167790002
+1 92685 +002
+1 BB596e+002
+1 44505e+002
+1.204132+002
+0.63215e+001
+7 2229%+001
16.9%
+4 31383e+001
237%
+2 40467e+001

34.6%
-4.49413e-002

300MPa

S S S
IS
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Conclusions

* Pros:

* Transparency, visual effect,
stiffness, feasibility

3

P A
®* I'TOS:

* Stiffness, feasibility

* Cons:
* Cons: * Transparency, visual effect,
* Feasibility feasibility
* Pros: * Pros:
* Transparency, stiffness, * Visual effect
feasibility e Cons:
* Cons:

* Visual effect, stiffness,
feasibility

* Transparency, feasibility



Conclusions

* Adjust this design
strategy to reduce peak m

stresses and facilitate
feasibility of the concept




Analysis of the design strategy

e Movement and Support

° \IQCQSSO ry oleg rees O]C freedom

e Fem analysis

* Translation in design
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Movement and support
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Analysis of the panel degrees of freedom

4 degrees of freedom
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Initial Bending

+1.29641 8+002
4.3%

+1.21339e+002
4.3%

+1.13438e+002
4.3%

+1.03337e+002
4.3%

+9.72361e+001
4.3%
+3.891350e+001

4.59%
+8.10338e+001

g6%
+7 29327 e+001

+6.45316e+001

+3 67 305e+001

+4 56294e+001

+4 05253e+001

+3.24271e+001

+2.43260e+001

+1 62248e+001

+8.12375e+000

+2 . 26555e-002

Bending Stresses

Increased Bending Asymmetric Bending

Absolute tensile stress on the top surface

130 N/mm?

280 N/mm?

+2 BE352e+002
4.53%

+2 G3457e+002
4.53%

+2.50361 e+002
4.53%

+2.32666e+002
4.53%
+2.1477 1 e+002

4.53%
+1 9657Ee+002

4.9%
+1.73951 e+002

4.3%

+1 61086e+002

4.3%
+1.43190e+002
4.3%
+1.25295e+002
GE%
+1.07400e+002
4.53%
+5.95049e+001
& 6%
+7. 16097 e+001
4.53%
+3.37146e+001

+2.95240e+002
0.3%

+2.795597e+002
0.5%

+2 B0333e+002
0.6%

+2.42310e+002
0.9%
+2 23667 e+002

1.2%
+2.05024e+002

1.5%
+1.56350e+002

300 N/mm?

28%
+1 B7737e+002

+1.49094e+002

+1.50451 e+002

+1.11808e+002

+9.3164 3e+001
10.4%

+7 45211 e+001
14.7%

+5 5577 9e+001
15.1%

+3.72347e+001
15.59%

+1.5581 de+001
15.9%

-5.17852e-002
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Initial Bendi

ng

+3.03594e+002
4.0%

+2.84705e+002
4.0%

+2 6571 5e+002
4.0%

+2 467 25e+002
4.0%

+2.27736e+002
4.0%

+2 057 45e+002
4 0%

+1 89757 e+002
4.0%

+1 70767 e+002
G.0%

+1.51778e+002
4.0%

+1.32785e+002
4.0%

+1.13799e+002
4.0%

+9.45091e+001
4.0%

+7.58195e+001
5.0%

+5.65500e+001
4.0%

+3.75404e+001
12.0%

+1 .G5309e+001
24 0%

-1 . 386:55e-001

Wind O.5 KN/m?2

Increased Bending Asymmetric Bending

Absolute tensile stress on the top surface

303 N/mm?

362 N/mm?

+3.62630e+002
4.3%

+3.39981 e+002
4.3%

+3.17328e+002
4.3%

+2 9467 4e+002
4.3%

+2.72020e+002
4.53%

+2.49366e+002
4.3%

+2.26713e+002
4.3%

+2.04059e+002
4.53%

+1.5814052e+002
4.53%

+1.58751e+002
4.3%

+1.36097e+002
4.53%

+1.13444e+002
G 5%

+9.07599e+001
4.3%

+6.51362e+001
GE%

+4.54524e+001
5%

+2 . 25286e+001
22.2%

+1.74341-001

504 N/mm?

+5.04507e+002
0.2%

+4.7287de+002
03%

+4. 41441 e+002
05%

+4.08508e+002
0.5%

+3.78375e+002
08%

+3.46542e+002
1.2%

+3.15309e+002
1.5%

+2.53776e+002
28%

+2.52243e+002
35%

+2.20710e+002
51%

+1.89177e+002
56%

+1.57644e+002
12.0%

+1.26111e+002
9.5%

+2.4575de+001
13.7%

+6.30454e+001
13.2%

+3.15125e+001
28.7%

-2.045435e-002
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Wind 1T KN/m?

Initial Bending  Increased Bending Asymmetric Bending

+4 80948e+002 +5.20397e+002
4 2% 4.3%
+4 G0254e+002 +4.87863e+002
4. 2% 4 3%
+4 2956 0e+002 +4 55330e+002
4 2% 4.3%
- +3.96866+002 — +4 22797 e+002
4.2% 4.3%
- +3.68172e+002 I +3.90264e+002
4.2% & 3%
— +3.37477e+002 — +3.57730e+002
42% 4.5%
— +3.06753e+002 — +3.25197e+002
4.2% 43%
- +2 76089e+002 || +2 QoERde+ 002
2% 4.3%
I +245395e+002 - +260131e+002
. 2.14700e+002 M
] o e = - +2 27585e+002
- +1 54006e+002 3%
4 — +1.95064e+002
- +1.533126+002 3%
. — +1 B2531e+002
- +1.22618e+002 3%
4 2% — +1.29998:+002
+8,19236e+001 3%
p— +9.74646e-+001
+6.122948+001 87%
4 2%, +6.4931 4e+001
+3.05352e+001 43%
g 29 +3.23982e+001
-1.58980e-001 30.4%
-1.350342-001

Absolute tensile stress on the top surface
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490 N/mm? 520 N/mm?




Changes to increase stiffness

e Thickness to 2 mm

e Plate size reduction to 1500mm
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Movement magnitude

1250 mm
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Initial Bending

+1.62114e+002

Increased Bending Asymmetric

Bending

BT% | 1953e4002 FE +2.89899e+002 0% +3.23770e+002
+1. 2+ R E

4 4% | 41851 e+002 YT +2.71734e+002 : +3.03536e+002
+1 ., 2+ K -

4 4% +2.5366%9e+002 ————+2.83303e+002
+1.31720e+002 4.4% T

5.9% +2.35554e+002 ————+2.63070e+002
+1.21588e+002 44%

4 4% +2.17439e+002 +2.42837e+002
+1.11457e+002 59%

4.4% +1.89324e+002 +2.22604e+002
+1.01325e+002 44%

59% +1.81209e+002 +2.02371e+002
+9.11936e+001 4.4% :

4 4% +1.63094e+002 —+1.82138e+002

so% +5.10621+001 5.9% B% 16190454002

. +1.44579e+002 +1. +

+7.09307e+001 4 4% 6.8% >

4.4% +1.26864e+002 - —+1.41671e+002
+5.07992e+001 4 4%, %,

S59% +1.08748e+002 ———+1.21438e+002

+3.0667 7e+001
4.4%

+4,05362e+001
§.9%

3.9%

+9.06335e+001
4.7%

+7.25182e+001

+1.01205e+002
+5.09719e+001

4 o, T3 DA0ATERO0T 5.9% !
A e o o 54403584001 55, 0 073676+001
59% +3 52584e+001 ~+4 05056e+001
+1 0141 7e+001 5.0%
4.4% +1 51734e+001 ~+2.02725e+001

+1.02323e-002

4.4%
+3.84084e-002

9.0%
+3.93163e-002

Absolute tensile stress on the top surface
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289 N/mm? 320 N/mm?

162N/mm?




nitial Bending

+2.533295e+002
+2. 187 15e+002
+2.0413de+002
+1 59555e+002
+1.74973e+002
+1 60392e+002
+1.43811e+002
+1.31231e+002
+1.16650e+002
+1 .02069e+002
+8.74855e+001
+7 29051 e+001
+3.83272e+001
+4.37469e+001
+2 91662e+001
+1.45836e+001

i
+4 95929e-003

Wind 1T KN/m?

Increased Bending Asymmetric Bending

+3.33395e+002
5.7%

+3.12958e+002
4.4%

+2.91721e+002
4.4%

+2.70853e+002

4.4%
+2 500462+002

4.4%
+2.29209e+002

4.4%
+2 0537 2e+002

3.9%

+1 87535e+002
4.4%

+1 BEE9Ge+002
4.4%

+1.45860e+002
5.9%

+1.259023e+002

4.4%
+1 041 56e+002

4.4%
+8.33455e+001

Absolute tensile stress on the top surface

233 N/mm?

333 N/mm?

3.9%

+6.251 1Ge+001
3.9%

+4 167 45e+001
3.9%

+2 0537 3e+001
3.9%

+1.08112e-004

+3.701618+002
0.5%

+3.47025e+002
1.2%

+3.2355848+002
1.4%

+3.007608+002

2.2%
+2.77626e+002

2.8%
+2.54452e+002

3.8%

+2.31358e+002
5.1%

+2.08224e+002
G.1%

+1.5350808+002
B.6%

+1.619568+002
B.5%

+1.38822e+002

B.5%
+1.13566588+002

9.1%
+9.25340e+001

k3

+5.94200e+001
+4.62861e+001
+2.31321e+001
+1.51375e-002

370 N/mm?
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Wind 2 KN/m?2

nitial Bending  Increased Bending Asymmetric Bending

S +3.07545e+002 +3.58924e+002 +4 2577 Se+002
E4'4% +2 BE3248+002 o+ G461 G002 ﬁ»,a_gg]ssemnz
4-4 +2 6910384002 —+3.40309e+002 1% +3.72556e+002

: +2.49352e+002 +3.16001e+002 3 +3 450946e+002
+2 0BG 1 e+002 +2 91693e+002 +3.1933Te+002
+2.11440e+002 +2 G7386e+002 +2 B2T2Te+002
+1 92219e+002 +2 4307 5e+002 +2 BE117e+002
YT +1.72898e+002 +2.18771e+002 +2.39508e+002

) 4 5%

I ggw | Tieel2 +2.128988+002
+1.345552+002

4.4

4.4

B.A%
e 19446384002 —
~ ™ 41.701558+002
+1.153342+002 44
44

1
2
27%
4
B

. +1 .86288e+002
+1.45545e+002

T.2%
+1.59675e+002
7%

+3.511328+001 1 21e400en0s i
44 :;?3??::32: +9.72323e+001 oy + 0B45GE+002
B5% 3 845002001 +7.23247e+001 T 95401
44 +4 561 70e+001 +5.32397e+001

13.7%
+2 BE300e+001
19.0%
+2.0301 5e-002

+1.92289e+001
222%
+7.52569e-003

. +2.43094e+001
17.7%
+1.74431e-003

Absolute tensile stress on the top surface
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307 N/mm? 388 N/mm? 425 N/mm?




Wind 2 KN/m?2

nitial Bending  Increased Bending Asymmetric Bending

S +3.07545e+002 +3.58924e+002 +4 2577 Se+002
E4'4% +2 BE3248+002 o+ G461 G002 ﬁ»,a_gg]ssemnz
4-4 +2 6910384002 —+3.40309e+002 1% +3.72556e+002

: +2.49352e+002 +3.16001e+002 3 +3 450946e+002
+2 0BG 1 e+002 +2 91693e+002 +3.1933Te+002
+2.11440e+002 +2 G7386e+002 +2 B2T2Te+002
+1 92219e+002 +2 4307 5e+002 +2 BE117e+002
YT +1.72898e+002 +2.18771e+002 +2.39508e+002

) 4 5%

I ggw | Tieel2 +2.128988+002
+1.345552+002

4.4

4.4

B.A%
e 19446384002 —
~ ™ 41.701558+002
+1.153342+002 44
44

1
2
27%
4
B

. +1 .86288e+002
+1.45545e+002

T.2%
+1.59675e+002
7%

+3.511328+001 1 21e400en0s i
44 :;?3??::32: +9.72323e+001 oy + 0B45GE+002
B5% 3 845002001 +7.23247e+001 T 95401
44 +4 561 70e+001 +5.32397e+001

13.7%
+2 BE300e+001
19.0%
+2.0301 5e-002

+1.92289e+001
222%
+7.52569e-003

. +2.43094e+001
17.7%
+1.74431e-003

Absolute tensile stress on the top surface
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307 N/mm? 388 N/mm? 425 N/mm?




Wind 2 KN/m?2 one side

Initial Bending

+1.797 41 e+002
B.6%

+1 68307 e+002
4.7%

+1 5727 4e+002
4.4%

+1.46040e+002

4.4%
+1.34806e+002

3.9%
+1 2357 2e+002

4.4%
+1.12338e+002

4.4%

+1.01104e+002
6.6%

+3 937 03e+001
B.6%

+7 .56369e+001
1%

+6.74026e+001

. +5.61688e+001
4.4%

+4.49349e+001
B.E%

+3.37010e+001
B.6%

+2.2457 2e+001
4.4%

+1.12333e+001
9.9%

-5.64654e-004

Absolute tensile stress on the top surface

179 N/mm?

+3.11365e+002
+2.91305e+002
+2.72444e+002
+2.52984e+002
+2.33523e+002
+2.14063e+002
+1.94603e+002
+1.75142e+002
+1.55682e+002
+1.36222e+002
+1.16761e+002
T +9.73003e+001

+7.78405e+001
E.B: +5.83801 e+001
FEn +3.89197e+001
+1.94594e+001

G.6%
-5.90128e-004

4.4%,
B %
4.4%

G.6%

311 N/mm?

0.7%

7.3%
B.1%

332 N/mm?

Increased Bending Asymmetric Bending

+3.32810e+002
+3.12011e+002
+291211e+002
+270411e+002
+2 4961 1e+002
+2.28812e+002
+2 0801 2e+002
+1 87212e+002
+1 BE412e+002
+1 43561 2e+002
+1 24813e+002

+1.04013e+002
kS

+3.32131e+001
+5 241 53e+001
+4.16135e+001
+2 0581 35e+001
+1.386863e-002
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Design example

T

in design

Translation



Translation in design
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Translation in design
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Profile exploration

* Clamp and adhesive
e Minimum structural glazing tape width 35mm

* Circular shape was difficult to adequate.

35 mm
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P MARE FOR POSIMIONING SCREWS

SCREW PORT FOR ALUMINIUM CAPS

3M VHB STRUCTURAL GLAZING TAPE
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Displacement of 0.9mm > Tape compression (0.6mm)
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SELFT TAPPING SCREW

3M VHB STRUCTURAL GLAZING TAPE
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+2 44787 2-001

1.1%
+2.29487e-001

0.9%
+2.14197e-001
L 41 98395e-001

0.9%
- +1.53595e-001
L L 41 G3295e-001
L +1.52955e-001
- 1' +1.37698e-001
L 4y 22399:-001
o +1.07099e-001
L +9.17989e-002
- 1' +7 64931 e-002
L +£.11933=-002

+4.55995e-002
1.5%

+3.0:2996e-002
29%

+1.529958e-002
g1.1%

+0.00000e+000

(o

Displacement of 0.24mm < Tape compression (0.6mm)
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Actuator

Aluminum profile Silicone

Adhesive Thin glass

p )
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Actuator

Pressure load diagram

600

500

400 \\
300

200

100
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Design example
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Case study - Vocational Schools in
Recklinghausen

* Double skin glass facade
oanels as a permeob\e layer.
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(Scholl Architekten Partnerschaft. best of Detail: GLASS. 2014)
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Design example
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Ventilation estimation

. ;}*.’
- S
& V- 4 A |
_ - 8
2 _./ ‘.A. .>" 4 :‘
> a7 i p
g 4!
H
LY f P
>
| | >
o e
| |
[ %3
|

v,
®
o,
Q
>
O
X
Q
3
O
®




Ventilation estimation
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Ventilation estimation
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Ventilation estimation

Thin glass panel - Airflow for wind at 90 o
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HOW can a ’cl'un g'].G.SS dOU.]D].G skin fo.gade panel ]DG

made ad.o.p’cive?

1. To what purposes can a thin g|oss pone| be made odop’rive?
2. How does bending influences the stress generation in the thin glass panel?

3. What are the influences of bending and thickness on the load resistance of the thin
glass panel?

4. What are the possibilities of movement for this panel?

5. How can supports influence the movement Tjnd geometry of the thin glass adaptive
?
panel:

6. How to translate the necessary degrees of freedom for the movement of the panel to
its detailing?
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Conclusions of the research

* Thin glass as a building material
e Research is still necessary to be applied in this context;
* |s an alternative to common glass for sustainability aspects;

* Opens new design possibilities which are not feasible by glass.



Conclusions of the research

* Thin glass as an adaptive facade panel

* Challenge of the concept of glass as a static material;

 Further research is still necessary to allow for large scale applications.



Conclusions of the research

* Contribution on the grow’rh of know\edge over this
material

* Behavior of the material under simple bending and on assuming
different shapes;

* Applying this material to a fagade context.



Suggestion further studies

e Study of material properties
¢ Pre stresses on SUF'FOCQ ClnCI edges;

e Fracture behavior

* _amination
* Influence of lamination on the bending capacities;

* Delamination by continuous bending.

* Integration with other materials

e Bimetals as actuators;

o Stiffening of the panel.
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