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Main question

How can a full glass dome structure be
built, to cover ‘Het Kruithuisje’in Alkmaar,
The Netherlands, in which the thermal
comfort iIs maintained in the most passive
manner, without impeding the visual
benefits of glass?
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General design

Paraboloid i

» Max. defl.: 0.39 mm

» Max. stress (tension):
1.58 N/mm2

* Max. stress
(compression):
2.16 N/mm2
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Paraboloid
 Max. defl.: 0.39 mm

» Max. stress (tension):

1.58 N/mm?2

* Max. stress
(compression):
2.16 N/mm2

Hemisphere

* Max. defl.: 0.70 mm

* Max. stress (tension):
2.63 N/mm2

» Max. stress
(compression):
3.37 N/mm2
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Different panels

12x
12x
12x
12x
6X
6X

5550 x 2500 mm
5550 x 2684 mm
5201 x 2684 mm
4194 x 2684 mm
6220 x 2684 mm
3707 x 2684 mm

Strengthening

methods

* Thermal treatment

» Lamination of glass
* SGP interlayer
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Component design
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Portals

* Height: 2500 mm
* Width: 2750 mm
 Depth: 500 mm
* Thickness: 35 mm
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Component design
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Component design
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Glued butt joint

Clamp connection
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Connections
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Structural adhesive

SGP interlayer
Heat-strengthened glass

Stainless steel profile

SGP interlayer
Heat-strengthened glass
Friction interlayer
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Connections

Validation settings:
Thickness: 10mm (Soda lime)

Applied loads: - self-weight
- Wind-load (1kN/m2)

- Snow-load (1kN/m2) (<30°)
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Glued butt joint
 Max. defl.: 0.76 mm

» Max. stress (tension):

2.53 N/mm2

* Max stress
(compression):
3.25 N/mm2
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Connections
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Clamp connenction
(150mm)

Max. defl.: 31.87 mm
Max. stress (tension):
73.41 N/mm?2

Max stress (compression):

76.57 N/mm2

Clamp connenction
(SOOm m)

Max. defl.: 20.70 mm
Max. stress (tension):
60.34 N/mm2

Max stress (compression):

67.90 N/mm2

Clamp connenction

(450m m)

Max. defl.: 16.70 mm
Max. stress (tension):
30.79 N/mm2

Max stress (compression):

43.48 N/mm2

Clamp connenction
(600mm)

Max. defl.: 14.80 mm
Max. stress (tension):
22.90 N/mm2

Max stress (compression):

33.91 N/mm?2
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Connections
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Connections
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afety analysis

Precaution to

Safety risk Descripti Explanati
ety risl escription xplanation reduce risk
Fault by people
Vandalism on Unlikely in the area .
Create barrier
glass facade 10 | 0.5 7 35 | of the dome .
. around building
pane (pedestrian area)
Periodic
Error in Contractor inspection of
construction 10 1 40 i constructive
elements
Fire 3 0.5 3 4.5
Periodic
Error in Contractor 10 1 0 inspection of
construction - constructive
elements
Element In the air elements
Terror attack
inside Bomb 0.5 | 0.5 | 100 25
building
Bullet hits as | s a G Laminated glass is
facade standard
Carcrashes | ) urpose 02 | 05 | 100 10
into facade
Natural caus
Bird Bird crashes into 10 3 1 20
facade
Hail 10 1 1 10
More snow on the
Snow on roof | roof than 3 0.5 | 40 60
expected/calculated
Wind on More snow on the
—— facade than 3 0.5 | 40 60
expected/calculated
Meteorite 0.5 | 0.5 40 10
Earthquake 0.2 | 0.5 40 60
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Glass thickness

10 mm
Max. defl.: 31.87 mm
Max. stress (tension):
73.41 N/mm2

Max stress (compression):

76.57 N/mm2

Glass thickness

20 mm
Max. defl.: 6.62 mm
Max. stress (tension):
17.95 N/mm2

Max stress (compression):

34.33 N/mm2

Glass thickness

30 mm
Max. defl.: 2.76 mm
Max. stress (tension):
9.79 N/mm?2

Max stress (compression):

26.34 N/mm?2
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Connections
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Connections dome

Vertical detalil 3D exploded view

190
100

L4 —é‘ Stainless steel profile
| | o——— Air cavity
ol —e—— SGP interlayer
! — Heat-strengthened glass
Friction interlayer
Nylon ring

,2

10124

10 10
12
2
2
—
o
N

Horizontal detail

L Heat-strengthened glass

Stainless steel profile

Black silicone

190

110

100
10

Nylon ring

TUDelft EEEHSS
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Connections between dome and base

Vertical detall Horizontal detall

190
100

Heat-strengthened glass

[ | o——— Air cavity
<. SGP interlayer
C Heat-strengthened glass

% Ii T H / Friction interlayer

|
- i Nylon rin
10/ ; 10 ¥ .
% Stainless steel profile

o
2 SUK

Friction interlayer S \

/ % \

® Steel rod

SGP interlayer

Air cavity

1010 10124

Stainless steel profile
Steel rod

80

Nylon ring

TUDelft —
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Energy Plus analysis

Highest operative
temperature: 70.35 °C

EnergyPlus Output 1 Jan - 31 Dec, Hourl Student
June 7 ¥ P Y

mssmmm Air Temperature msssssm Radiant Temperature msssssm Operative Temperature msssssm Outside Dry-Bulb Temperature

Lowest operative
temperature: -7.71 °C
Februari 14

Teperature (°C

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 2003
2002 Time/Date

epartmen
g
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Energy Plus analysis

Highest operative
temperature: 88.07 °C
June 7

EnergyPlus Output 7 Jun - 7 Jun, Hourly Student
mmmmmm Air Temperature wsssssm Radiant Temperature wsssssmm Operative Temperature mssssmm Outside Dry-Bulb Temperature
90 —
80 |
70 4
60 —
g
5
E 50
40 |
30 \
20
\
1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 8 sat
Jun 7 Fri 2002 Time/Date
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Thermal comfort design

NEN-EN-ISO 7730 (Class A: very good, score about 8.5)

. Operative temperature: Summer (0.5 clo): 23-26 °C
Winter (1.0 clo): 20-24 °C
. Maximum number of exceedance hours: 100h

*  Maximum air speed.: Summer (0.5 clo): 0.12 m/s
(The higher the temperature, the higher this value.)

Winter (1.0 clo): 0.10 m/s
- Limits vertical difference air temperature (head and ankles): <2 °C

- Limits of radiation temperature asymmetry:
- Warm ceiling: <2 °C
- Cold wall (glass): <2 °C
— Cold ceiling: <2 °C
- Warm wall: <2 °C
(Use common sense)

*  Floor temperature limits: 19-26 °C
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Passive strategies

|
Heating

Solar direct gain
Sunspace
Double skin glass facade
Mass Wall
Water Wall
Trombe wall
Wind protection

Passive Solutions

Cooling

TUDelft EEE
BKBouwkunde

| Solar shading

Green roof

MNatural ventilation

Might ventilation cooling
Ventilaled facade or roof
Solar chimney
Evaporative cooling
Wind catcher

Green roofs or walls

Thermal Energy Storage

Sensible Thérmal Energy
Storage - Thermal mass

Latent Thermal Energy
Storage - PCM

Underground spaces

Hybrid Solutions

Active solar shading

Fan-force ventilation cooling

Heat recovery systems

Ground-air heat exchange
Ground-water heat exchange
Mechanical night ventilation
Evaporative cooling
Dehumidification systems

Unglazed transpired solar facade
Low temperature radiant surfaces
Sensible Thermal Energy Storage - Bed
Latent Thermal Energy Storage Unit
Night sky radiator cooling

28



Outside temperature:
32.58°C

Baseline measurement . :
il P ossive strategies
Radiant temperature:

87.48 °C
Operative temperature: -

88.07 °C
Solar gains: 204.06 kW

Natural ventilation

(minimum requirements):
Air temperature: 66.56 °C
Radiant temperature:
77.50 °C
Operative temperature:
71.84 °C
Solar gains: 204.06 kW

Adding natural
ventilation

(ventilaton rate of 5):
Air temperature: 50.09 °C
Radiant temperature:
69.73 °C
Operative temperature:
59.84 °C
Solar gains: 204.06 kW

TUDelft |
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Outside temperature:
32.58°C

Baseline measurement . :
il Possive strategies
Radiant temperature:

87.48 °C
Operative temperature: -

88.07 °C
Solar gains: 204.06 kW

Using Low-E coatings:
Air temperature: 45.87 °C
Radiant temperature:
62.11 °C
Operative temperature:
53.95°C
Solar gains: 137.54 kW

Adding thermal mass:
Air temperature: 45.11 °C
Radiant temperature:
60.70 °C
Operative temperature:
52.87 °C
Solar gains: 137.54 kW

TUDelft |
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Outside temperature:
32.58°C

Baseline measurement
Air temperature: 89,01 °C
Radiant temperature:
87.48 °C
Operative temperature:
88.07 °C
Solar gains: 204.06 kW

Using fritted glass:
Air temperature: 45.14 °C
Radiant temperature:
61.69 °C
Operative temperature:
53.35°C
Solar gains: 100.37 kW

TUDelft |
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Passive strategies
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Outside temperature:
32.58°C

Baseline measurement . - |
sl Passive strategies
Radiant temperature: |
87.48 °C |
Operative temperature: o ————

88.07 °C
Solar gains: 204.06 kW

Using switchable glass: " . ; i
Air temperature: 40.21 °C T & ol =N
Radiant temperature:
52.10 °C
Operative temperature: ; =l >
46.14 °C & R \ o
Solar gains: 18.23 kW § e @ |

Adding natural /
ventilation N | | :
(ventilation rate of 6.05): = W e o
Air temperature: 32.58 °C ' ' Ho=
Radiant temperature:
51.61 °C
Operative temperature:
45.39 °C
Solar gains: 28.23 kW

TUDelft |
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Outside temperature:
32.58°C

Baseline measurement:
88.07 °C

Natural ventilation

(minimum requirements):
71.84°C

Adding natural ventilation

(ventilaton rate of 5):
59.84 °C

Using Low-E coatings:
53.95°C

Adding thermal mass:
52.87 °C

Using fritted glass:
53.35°C

Using switchable glass:
46.14 °C

Adding natural ventilation
(ventilation rate of 6.05):
45.39 °C

TUDelft EEESS
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Passive strategies

Cooling demand: 3
352.44 kW :

Using heat pump (CoP: 3.5~ = .
100.70 kW / o, s

S e—
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Final design
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