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Motivation: For centuries.....
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Glasstec dome (Wurm, 2007). Delft glass dome (Wurm, 2007). Stuttgart glass shell (Wurm, 2007). Glasstex dome (Wurm, 2007).



Motivation: What about the future.....

An all-glass dome out of cast glass components

o

(source: www.brickowl.com)
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(source: http://www.mon-maire.fr). (Meteoblue, 2017)

‘Villars Les Dombes’

Moderate climate



Bird park: ‘Parc des Oiseaux’
Aviary for Lori parrots



Main question

‘‘"How can a solely glass dome be developed and assembled from
structural cast glass components while providing thermal comfort
and being minimum invasive for the local environment?”’,

Sub questions

\WWhat is the optimal shape of the cast glass components?

\What technigues can be used to minimize the number of
different molds?

=\What technigques can be used to connect the components
and create a demountable structure?

\WWhat strategies can optimize the dome transparency?
\What strategies can be used to create thermal comfort
while being minimum invasive for the local environment?



The idea....
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1. Literature results §=

Domes | Thermal performance | Glass | Interlocking systems
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Circumferential Hoop-Stress |
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Circumferential Hoop Stress

(source: http://shells.princeton.edu/Balz.html)

Literature results: Domes | Thermal performance | Glass | Interlocking systems 17,
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Domes: Shallow Glass Dome...

SHALLOW DOME

p 17988,4 ,
I
|
|
i
| ) 28750,8 v
| A A
o 35976,8
Y =ad A A
( ?7=17988,4/(sin(45))
|

I:] Non usable are, height limit h=3000m

35976,8

50878,9

For who?



COMFORT




Modified by author based on (Nakano, 2003).
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Literature results: Domes | Thermal performance | Glass | Interlocking systems 21,
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PASSIVE STRATEGIES

@ © ©

\I " I
LA LT NN |

OVERHEATING RISK

Mean daily temperature (CC)

30 ~ —
26

Jan — Feb  Mar Apr May Jun Jul Aug Sep Oct Nov ch

e \laXimum e )\inimum

(Meteoblue, 2017)

Literature results: Domes | Thermal performance | Glass | Interlocking systems 23,



Thermal performance: [Nermal MQOSS. .. E.
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Thermal performance: : NOtUrQl VN Qi ON. ... «fﬁ\a

North South

35944,8

Literature results: Domes | Thermal performance | Glass | Interlocking systems 25,
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Literature results: Domes | Thermal performance | Glass | Interlocking systems 26,



SHALLOW (AVIARY) DOME

-~ - - -3 GLASSTYPE?



(Oikonomopoulou et al,, 2014).

4+  HIGH FORM FLEXIBILITY + MONOLITHIC STRUCTURE

(Schwartz, 2005).



— ANNEALING PHASE

S

a. Dependent factors

= Temperature difference
= Thermal expansion

= Thickness

= Type of glass

Literature results: Domes | Thermal performance | Glass | Interlocking systems 29,
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‘OPTICAL HOUSE'
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(Fujii, nacasa & partners, 2013). (Nijsse, 2015).

(+) Demountable (+) Transparent



Demountable & Transparent

INTERLOCKING SYSTEMS



(Macleaod, 2074).

(source: Archiweb, 2014). (Roblin, 2017).

Literature results: Domes | Thermal performance | Glass | Interlocking systems 33



INTERLOCKING SYSTEM
INTERLAYER INTERLOCK
4 N O
RING ARCH
R1
R1 RT
" §
R3
R2
(@)
peak stresses
()
interlayer
o NG




(source: www.swimart.com.au).

Literature results: Domes | Thermal performance | Glass | Interlocking systems 35,



2. General design < >

Floor plan | Cross section | Oculus



General design: Floor plan | Cross section | Oculus 37



395944,8

General design: Floor plan | Cross section | Oculus 38,



General design: Oculus... e =
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of safety glass
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General design: Floor plan | Cross section | Oculus 39,



General design: Oculus detail A ...

MAX: 3.2X16M =il 9
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General design: Floor plan | Cross section | Oculus 40,



3. Component design (D)

Design principles | Previous attempts | Final component | Interlayer | Feasibility






1. Mass <I0KE oo, - <\:_> Reduce annealing time

) O COMBOMENT - ) @ e et st ol
3. ROUNG AGES oo - () Prevent peak stresses

4. Homogeneous mass distribution -~~~ > % Ensure homogeneous shrinkage




5. Spherlcal COhfigUI’ation ............................ > DeS/gn Omn/d/rectlonol

6. Small elements = o > ODQ Reduce rotation Cmg/e

DOUBLE CURVED

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 44,
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One component Two components

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 46,



outside

inside

Sphere Radius (mm) | Diameter (mm)

A 45,025 92,05
B 46,192 92,19
C 33,460 66,92



#Rings #Components

128

197 /33

1225

Total : 139132

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 48,
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(a) Anterior view showing regions
of the vertebral column

(Tortora and Derrickson, 2009).

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 49,



Steel precision

Disposable
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Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 52,



Final component: Post-processing....

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 53,



FINAl. COMPONENT: T7ONSPDOIEIICU koot

Positive lens «: > Positive lens

v

Negative

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 54,



FINal COMPONENT: TIONSDOIEIICU k11 e

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 55,
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2

1&2 = 10,1-116 mm
J 3&4 = 10,7-1720mm

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 57,



Dome top

Centre dome

R W

Dome foot

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 58,
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Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 59,



(Arthur, 2017).
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Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 61,



TOP

Component design: Design principles | Previous attempts | Final component | Interlayer | Feasibility 2.
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Structural performance | Thermal performance



Structural validation: Focus on....

1.

Support-wall Compressive - Interlayer

thickness | ! forcesystem :  selection

<
2,
N
Symmetrical - : Asymmetrical
load-case - -  load-case

3.




Stress resultants: entire hemisphere Stress resultants: glass dome
200000 0
150000 -10000 (I) 10 20 30 40 50
100000 -20000
-30000
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Z ’ Z .50000
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b,
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Circumferential Hoop Stress
(Tensile)

Structural validation | Thermal performance 5.
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Structural validation | Thermal performance 66.



MATERIAL SELECTION
s 1. Structural requirements: B s 2. General requirements: B
6 <20 MPa = Optical quality/transparent
24 = Durable
. = Service temp: > 50°C
(@) (o)
o = E*e = E*(AL/L) 3. Mar!ufacturing
requirements:
O-contac:t = Eint 2A/tint = Thickness: 2-12mm
E_/t_ <20/(2*0,25) < 40 N/mm3 » Solid complex 3D
\_ J \_ J
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Structural validation | Thermal performance 68.



(soure: www.nl.aliexpress.com)

Structural validation | Thermal performance 69,



Structural validation: Diana....

Compressive force system

LC1: Self-weight LC2: Self-weight + Wind

Structural validation | Thermal performance  70.



Resultants arch (Nxx)

LC1: Self-weight LC2: Self-weight + Wind

-1 68e+04
-2 46e+04
™ _325e+04
-404e+04
_4.83e+04
-5.62e+04 e -6.22e+04
6412404 5 7.12e+04
7 20e+04 LR S ' _8.00e+04
-7 99e+04 HHH a2 -8 52e+04

Structural validation | Thermal performance 7.



Resultants ring (Nyy)

LC1: Self-weight LC2: Self-weight + Wind

Nyy
(M/rm)
-1.68e+04
2.47e+04
-3.26e+04
-4 05e+04
-4.83e+04
-562e+04
£.41e+04
-/ 20e+04
-7 00e+04

Structural validation | Thermal performance 72,



LC1(Sym) | LC1(Sym)




LC1 LC2
(symmetrical) (asymmetrical)

: Diana
1 LC2 (Asym)
' -/12

-1,72
-/,12
-8,92




Maximum principle stress (S3)

LC1: Self-weight
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53
(N/mA2)
-302e+05
-3.24e+05
-3.46e+05
-3.67e+05
-3.80e+05
-4.11e+05
-4.33e+05
-4.54e+05
-4.76e+05

LC2: Self-weight + Wind

53
(N/rm2)
-3.21e+05
-3.62e+05
402e+05
-4.42e+05
-4.83e+05
-523e+05
-b&de+05
-6.04e+405
-6.44e+05

Structural validation | Thermal performance

75.



Principle stresses at base (N/m2)

| Lci1(sym) | LC2(Asym)

S2 (min) | -8,86E+04 -7,.98E+04
S3 (max) | -4, 76E+05 -6,44E+05

6,44E5(SYSTEM) N/m? < 61,6E°(TPU) N/m?
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Structural validation | Thermal performance 78,
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Thermal performance: Natural ventilation rate....

a ™
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Structural validation | Thermal performance 30,



VENTILATION RATE:

n=Q/NV =100 * 35 (m¥h)/V= 0,6h"' ©
v<0,5m/s

slight breeze

v=0,5m/s n= 2h' ®
OPENINGS
_ Vv b2 2
A= Cd*3600 \| 28D —m 9’3m

AP = gh*(P/R)*(1/Tout-1/Tin) = -0,21Pa  AT=0,6
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Structural validation | Thermal performance g2,
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Time/Diate 1:00 200 300 400 500 &0 T:00 B3 S00 0.0 190D 1200

100 200 3200 400 6D 600 T:00 B0 500 1000 1100 T Sun

Air Termpearature (75

Fadiant Temperature (7C)
Crperatve Temperature [F5)
Cutside Dry-Bulb Temperature (70}
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Structural validation | Thermal performance g5
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Ternperature {
Temnperature ("C)

TimefDate
Air Temperature (°C) 11,73 24 95 3298 31,13 30,63 30,58 17,48 14,03 12,92 16,13
Radiant Temperature (*C) 12,55 25 83 35,00 35,55 33,58 3433 20,15 18,82 14,45 17,05
Operative Temperature (°G) 12,19 25 44 34 45 33,59 32,16 32 .46 18,81 15.43 13,59 16,50
utsid ulb Temperature {°C) 9 04 22 .88 29,00 2417 25,83 26,54 13,45 9,83 8,13 13,02

19/18°C>T > 30°C

Structural validation | Thermal performance 3g,
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Structural validation | Thermal performance 37
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Structural validation | Thermal performance 8s,



5. Evaluation g@

Conclusions | Recommendations



"How can a solely glass dome be developed and assembled from
structural cast glass components while providing thermal comfort
and being minimum invasive for the local environment?”.
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2"%: PASSIVE STRATEGIES
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Changing thickness

Conclusions | Recommendations 95,



HEATING TUBE

Conclusions | Recommendations g,



REAL PHYSICAL EXPERIMENTS %




G

“Architecture is measured against the past, you build in the present, and try to imagine the future”

(Richard Rogers)
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