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design by Frei Otto demonstrated by Carlyn Simoen
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by temperature by ion-exchange

thickness not limited

thickness limited to 2.8mm

2
TUDelft size is limited to 3m x 6m size is limited to 1.5m x 1.5m
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Thin glass is designated to CHEMICAL STRENGTHENING

Molten salt bath KNO3
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PRODUCTION

Chemical strengthening method is

Value
2

SBANSSSTéaCTION Prestressing method in MPa  [N/mm]
MATERIAL Annealed 45

SAFE Heat-strengthened 70

STIFF & STABLE tougher Fully tempered 120

STRONG Chemically strengthened 750-1000*

than thermal tempering method

<1
TUDelft
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+ SAFETY BY ENHANCED SAFETY MECHANISM: LAMINATION
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+ STIFFNESS & STABILITY BY ADDING MATERIAL OR GEOMETRY
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1. Flat 2. Single curved 3. Double curved
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CONVENTIONAL TECHNOLOGY TO CREATE AN ANTICLASTIC SURFACE

Based on the idea that the pane can resist COMPRESSION, and a little TENSION
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SURFACE
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RESULTS SPECIMENS
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RESULTS SPECIMENS

- 3 of 4 above 30000N
circa 3000 kg

- 2 of 4 force/strain
function is not linear

because of failure
adhesive between
glass and alumium

plate
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EXPERIMENTAL
INVESTIGATION TEST RESULT SPECIMEN #3

Failure at
30 164 N
3.576 mm

PULL-OUT TEST

RESULTS &
DISCUSSION
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Failure at
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PULL-OUT TEST

RESULTS &
DISCUSSION
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STANDARD TEST
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RESULTS &
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TENSILE STRENGTH
STANDARD TEST
METHODS 250 MPa

NON-STANDARD

TEST METHOD 1 /3 of th-e earlier mentioned bending
tensile strength of 750MPa...

DESIGN
PREPERATION

RESULTS &
DISCUSSION
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TENSILE STRENGTH

STANDARD TEST 250 MPa

METHODS

NON-STANDARD

TEST METHOD 1 /3 of th-e earlier mentioned bending
tensile strength of 750MPa...

DESIGN

- Same yield strength as structural A36

DISCUSSION steell
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RESULTS &
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TENSILE STRENGTH

250 MPa

1 /3 of the earlier mentioned bending
tensile strength of 750MPa...

Same yield strength as structural A36
steel

...of course, there has to be a design safety
factor taken into account
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WHERE TO APPLY THE SUPPORT?
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DESIGN OF THE
CONNECTION

DYNAMIC EDGE
STIFFNESS
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HOW DOES THE SUPPORT GOING TO LOOK LIKE?

STRENGTH WEAKNESS

OPPORTUNITY THREAT

Reviewed aspects:
Easiness of fabrication & assembling

Structural behaviour
Lightweightness

INTRODUCTION RESEARCH DESIGN LITERATURE DESIGN EXPERIMENTAL
DEFINITION IDEA RESEARCH CONCEPT INVESTIGATION

PRELIMINARY
DESIGN

NUMERICAL
INVESTIGATION

DEFINITIVE
DESIGN



PRELIMINARY
DESIGN

o
i af

INTRODUCTION RESEARCH DESIGN LITERATURE DESIGN EXPERIMENTAL PRELIMINARY NUMERICAL DEFINITIVE
DEFINITION IDEA RESEARCH CONCEPT INVESTIGATION DESIGN INVESTIGATION DESIGN

SWOT ANALYSES

Thin glass

Aluminium

Stainless steel

FRP

80000

Rubber/POM/Neoprene




PRELIMINARY
DESIGN

SWOT ANALYSES

Thin glass

Aluminium

Stainless steel

FRP

80000

Rubber/POM/Neoprene

B}

INTRODUCTION RESEARCH DESIGN LITERATURE DESIGN EXPERIMENTAL PRELIMINARY NUMERICAL DEFINITIVE
DEFINITION IDEA RESEARCH CONCEPT INVESTIGATION DESIGN INVESTIGATION DESIGN



DESIGN OF THE
CONNECTION

DYNAMIC EDGE
STIFFNESS

23
TUDelft
98 /172

CATEGORY EXTRUDED PROFILE

INTRODUCTION

RESEARCH
DEFINITION

DESIGN
IDEA

LITERATURE
RESEARCH

DESIGN
CONCEPT

EXPERIMENTAL
INVESTIGATION

PRELIMINARY
DESIGN

NUMERICAL
INVESTIGATION

DEFINITIVE
DESIGN



PRELIMINARY
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SWOT ANALYSES

’

CATEGORY EXTRUDED PROFILE
#2 Z /
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DESIGN OF THE
CONNECTION

DYNAMIC EDGE
STIFFNESS

\-——————————_,

LT e e e e s e e

Aluminium
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PRELIMINARY | #2
DESIGN |

SWOT ANALYSES
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CONNECTION
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FRP
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W

INTRODUCTION RESEARCH DESIGN LITERATURE DESIGN EXPERIMENTAL PRELIMINARY NUMERICAL DEFINITIVE
DEFINITION IDEA RESEARCH CONCEPT INVESTIGATION DESIGN INVESTIGATION DESIGN



" CATEGORY EXTRUDED PROFILE
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PRELIMINARY
DESIGN

B CATEGORY BOLTED

CONNECTION
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Rubber/POM/Neoprene
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CATEGORY EXTRUDED PROFILE

a1

CATEGORY BOLTED
CONNECTION

)Y

1 CATEGORY
1 LACING
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SWOT ANALYSES
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SWOT ANALYSES
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DESIGN OF THE
CONNECTION
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+ TENSILE STRESSES CAN BE CONTROLED
BY COMPOSITE MATERIAL
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- CATEGORY IV SUBSTRUCTURE

- LOTS OF SUBSTRUCTURE - LOOSING TRANSPARENCY
SWOT ANALYSES
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- CATEGORY IV SUBSTRUCTURE

- NO CONTROL OF APPLIED TENSION
SWOT ANALYSES

Aluminium
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PRELIMINARY
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S BUT HAS NO CAPABILITY OF TRANSFERRING TENSION
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+ ADDING FIBRES WOULD GIVE THE POSSIBILITY OF
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DESIGN OF THE
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NUMERICAL
INVESTIGATION DYNAMIC EDGE STIFFNESS: THREE MODELS

THREE NUMERICAL
MODELS

FRP1 — FRP9  FRP9 — FRP1  Thin glass FRP1 «— FRP3 Thin glass FRP3  «— FRP1 FRP1 R FRP?  FRP9 — FRPT Thin glass
! r" : "'1 !
I FRP3 l FRP3 | I
FRP9 3 FRP9 FRP9
FRP9 3 FRP9 FRP9
FRP3 FRP3
! ‘ ! !
FRP1 — FRP9  FRP9 — FRP1 FRP1 < FRP3 FRP3 «—  FRPI FRP1 — FRP9  FRP9 — FRP1
. Twisting from the Il. Twisting from the Il Twisting from the
middle corners corners
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DYNAMIC EDGE STIFFNESS: FIVE DIFFERENT GRADIENTS

THREE NUMERICAL

IEIDELS E (MPa) |
E(MPa) o o o 0o oo oo T E (MPa)
; Mo i \
'\0\0\‘0 I
A. Constant stiffness B. Linear D. Digressive decreased
decreased stiffness stiffness

RESULTS &
DISCUSSION

pre]

/ Pttt R

CONCLUSION Vi
* / s
E (MPa) E (MPa)
M v
C. Linearincreased E. Digressive increased
P stiffness stiffness
TUDelft
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NUMERICAL

APPLYING THE 5 DIFFERENT STIFFNESS GRADIENTS TO THE MODELS

INVESTIGATION

Model Il

How far the thin glass plate can be
twist within allowable generated

stresses?

DEFINITIVE
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NUMERICAL
INVESTIGATION

RESULTS &
DISCUSSION

MODEL Il TWISTING FROM & AT THE CORNERS

E=30000-14000_tFRP=50mm_tGlass=0,55mm_dZ=100mm
Load-step 3, Load-factor 0.30000
Cauchy Total Stresses S1 layer 1

— Highest tension in the FRP

INTRODUCTION RESEARCH DESIGN LITERATURE
DEFINITION IDEA RESEARCH

S1
(N/mimA2]
157.21
137.78
118.35
Q892
79.49
006
4063
2120

E [MPa) ~

Maximum twist T
'\O\O\

dZ = 30mm ~

tFRP - FRP1- FRP2 FRP3 FRP4 FRP5 FRP6 FRP7 FRP8 FRP9
B. Linear decreased
tGlass = 0.55mm

stiffness

50mm

1.77
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NUMERICAL
INVESTIGATION

RESULTS &
DISCUSSION

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

E=14000-30000_tFRP=50mm_tGlass=0,55mm_dZ=100mm
Load-step 2, Load-factor 0.20000
Cauchy Total Stresses S1 layer 1

— Highest tension in the glass
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Maximum twist f

dZ = 20mm E (MPa) el

tFRP = 50mm
tGlass = 0.55mm C.

FRP1 FRP2 FRP3 FRP4 FRP5 FRP6 FRP7 FRP8 FRP9

Linear increased
stiffness

5957
5225
4494
37.62
30.31
2299
1568
8.36
108
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THREE NUMERICAL EMpal

EM Pa] 600000000 - E [MPal
D == z g e
E (MPa] : E(MPal

FRP1 FRPZ FRPO FRP4 FRPS FRPG FRP7 FRPO FRF FRP1 FRP2 FRP3 FRP4 FAPS FRPO FAPT FRPO FAF

BR1 Fer mes mea mps fes Fer mes FPT FRPZ PG FAPA FRPS FRPG FRPT FRPE FAF P 1 FRP2 FRPQ FRP4 FRPS FRPO FRPT FRPE FRPO
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tFRP =50mm

. Elwpa)
EMMPa) o 0 0 0 0 00 0o i [Mpa]
tGlass = 0.55mm FEESEEEES E
E[MPa] 0 c [MPa] %

P1 FRP2 FRP3 FRP4 FRPS FRPG FRP7 FRPS FRF

RESULTS & g e
DISCUSSION

dZ = 20-30mm

— FRPS FRPY —
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FRP1 FRP2 FAPG FRP4 FRPS FRPG FRP7 FRPB FRPO FRP1 FRP2 FRP3 FRP4 FRPS FRPG FRP7 FRPB FRPO

1 ez FRa FPa mPS fes Fer FRe R T FRPZ PG FAPA FRPS FAPO FRPT FRPE FAPO FAP1 FAP2 FAPG FRP4 FRPS FRPG FRP7 FRPB FAPO

PR P FRPY FRPT fhin glass
FRPY FRPY
FRPS FRPS
FRP1 FRPY FRPY FRP1
FRE1 FRP3 Thin glass FRP3 FRP1
— =

FRP3 FRPZ

FRP3 FRP3

== =

FRP1 FRP3 FRP3 FRP1

FRP1 FRPY FRPY FRP1 [hin glass
FRPY FRPY

FRPY FRPY

FRP1 FRPS FRPY FRP1



N
0O 0o 0o 0o 0o 0 0 0 O

E (MPa)

‘-
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FRPY FRPY
FRPS FRPS
FRP1 — FRPY FRPY — FRP1
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FRP3 FRPS

FRP3 FRP3

FRPI -~ FRP3 FRP3 ——  FRPI

FRPI — FRPY  FRPY — FRP1 [hin glass

FRPY FRPY

FRPY FRPY

FRP1 — FRPS FRPY — FRPT

FRP1 FRP2 FAPG FAP4 FRPS FAPG FRP7 FRPE FRPO
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77777777 E(MPa) S
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I. Twisting from the middle
Supports difficult to design

R ES' l | _I_S & FRP1  — FRP3 Thin glass FRP3 —  FRP1
FRP3 FRP3

Il. Twisting from the cornes
DISCUSSION

FRP gets too thin
Connection in mind would fail

| 1 lll. Twisting from the cornes :

FRP thick enough where the |

connection is in mind :

| | I

= A 1
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BY ADDING TENSION TO THE CURRENTLY USED COLD TWISTING TECHNIQUE?"
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