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¢ Introduction

* Cellular Geometry
+ Construction of CAD / Structural models

1° Design issues and methods

“» Delivery of Tender documentation
* Site Construction
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* Olympic Green antral Area

* Site arga = 6.3 hectares

« Site dimensions 305m x 230m
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Design Objectives
] A
* 2008 Olympic Games venue for swimming,
diving, synchronised swimming and water
polo events.

£ A A )
 Large-scale multifunctional aquatic sports
centre before and after the 2008 Olympic

~ Games.

¢ Multifunctional recreation, sports and
fitness services for the public.
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The illusion of randomness

Formed Structure through
cutting out of block of
duplicated repeating unit

internal members + surface members =  total structure
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Creation o__f Water Cube CAD model

Creation of CAD / Structural Models

[Hﬂ} N stionnl Swimming Genter MXEX PO [Hﬂ} N utional Swimming Center AXES PO

Discovery Channel Animation of Geometry Creation... Conversion of CAD model to structural analysis model

Initially,export CAD centre-line
model as DXF file

* DXF import of CAD model
into structural analysis package

I  Final structural models generated
N by scripting software used to
perform design

Final Strand7 structural analysis model

[Hﬂ} N stionnl Swimming Genter MXEX PO [Hﬂ} N utional Swimming Center AXES PO

Mark Arkinstall 4



LSAA 2007 Lightweight Architecture

Conference

October 29 2007

Beam distributed loads created

Application of structural loadings

+ Define pressures on facade
surfaces

* Complex loading on steel from
Facade ETFE pillows

* Automatic conversion of pressures
to distributed beam loads

* 750,000 beam loads in 55 basic
load cases
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Structural loadings

* Steel self weight * Wind Load
- Member Weight ~ 100 year, 10min avg, h=10m
- Node weight — q,= 0.5kPa basic wind pressure
¢ Superimposed dead load ~ Roof pressure = +0.17 kPa ult
— Down cases (0.54kPa) * Seismic Load
— Uplift cases (0.15kPa) — Level 1 (pga=0.07g, Tg=0.45s)
¢ Live load (0.3kPa) — Level2 (pga=0.20g , Tg=0.45s)
& nitorm - Level3 (pga=0.44g , Tg=0.90s)

~ Out of Balance cases
* Snow Load

~ Uniform

— Out of Balance cases

(0.45kPa)

& Coefficient

Period (sec)
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Structural Design Issues and Methods
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Structural design issues and methods - Key topics

* CAD automation, visualisation and documentation
— Rapid prototyping visualisation

 Structural design automation

* Gilobal structure optimisation

* Cross section optimisation

* Seismic modal analysis
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Centre-line CAD model.
Tags define beam sizes
from structural analysis

CAD automation and visualisation — Competition stage

CAD visualisation of beam sizes
using VBA Scripting
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CAD automation and visualisation
Competition stage
Rapid Prototyping
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b CAD automation and visualisation - Final VBA scripting
CAD automation and visualisation — Design stage options

Cross section

*Member sizes set from Structural Analysis

*Node size, type, & orientation set by VBA
scripting

Partially run CAD VBA script Connection +All CAD and VBA scripting performed on project
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Automated Tender d tation deli -
s e i Microstation 3d CAD model generated for Tender

*Drawings created by VBA scripting
*3000+ lines of VBA code in Microstation
*Approx 25 minutes run-time

*Creates 30Mb CAD file
*Members drawn and trimmed for connections
*Connections drawn
*Members tagged with design information

*Excel spreadsheet of node connections data
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. P Structural design automation developed on Project
Microstation wireframe 3d CAD model generated for Tender — 9 P ]
i | L=l ~ Structural Design Process... Produce complete Tender design documents for
3 . = . / G ...model creation to drawings steel superstructure in only 7 months
*Wireframe tagged with design information T i .
. J' To meet the Tender issue date design options
+2d drawings created from 3d CAD models T | feed fast anlrelatle assessment methods.
Nasian xpon
+Automation/integration of Structural Design
Anallis and CAD drawings ensured :
" Resus . .

Nastian mport *Rapid design option assessment
= Analysi

Aot Funcions *CAD drawings consistent with structural

e design
+Other benefits
= Dt +3d CAD visualisation of design solution
— ig structural desigr
«Confidence in design solution

ud :. i

[ ]
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ts (Chinese design code)
cases)x(11 code equations)

ion

lints are active

+Setup automated design/optimisation routines to find
beam sizes that satisfy all constraints.

>

sing strength/mass ratio

o
* Cross section choices determined by maximising strength/imass ratio|
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* Cross section choices determined by maximising strength/mass ratio
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o

Check if all constraints are satisfied for all membe: Check if all constraints are satisfied for all membe:

‘ No 4
‘Change of all members not satistying constraints to
Next size UP o DOWN.

Checkif all members o one current secton size need to
remain grouped together and all move UP or DOWN

“* Cross section choices determined by maximising strength/mass ratio
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** Cross section choices determined by maximising strengthimass ratiol
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Global structure optimisation process (Constraint satisfaction) 1 8 . i )
— Desmn/op}gmlsatlon process - Cross-section/design parameters

Group1
Roof/Wall

Substructure
(by CSCEC+Des)

[ For each member select smallest section for its group |

.
All members start in one of 3 groups... Perform Structural Analysis ] GROUP 1
‘ Cross-section choices
Checkif all constraints are satisfed for all members |¥%%,{ Solution . Analysis properties 1-13
‘ o Complete|
Change of all members ot satisfying constraints to
Next size UP or DOWN
Check if all members of one current section size need to
remain grouped together and all move UP o DOWN
Update Structural Analysis Model ficede
- Surface Members
...Member i after process. | ** Cross section choices determined by maximising strength/mass ratio
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Design/op}i]msation process - Cross-section/design parameters

Design/op}bmsation process - Cross-section/design parameters

GROUP 1
Cross-section choices
~ Analysis properties 1-13

GROUP 2
Cross-section choices
Analysis properties 41-48

GROUP 1
Cross-section choices
~ Analysis properties 1-13

GROUP 2
Gross-section choices
Analysis properties 41-48

GROUP 3
Cross-section choices
Analysis properties 81-96

Facade Facade Facade Facade Internal
Surface Members Edge Members Surface Members Edge Members Web Members
[H"] Mautionn Swimming Genter BEEA PO [H"] Mationn Swimming Center DEEL 0

Design/opj'[misation process - Cross-section/design parameters Design/gptimisation process - Cross-section Choice Controls

T oay =
o o 0 Cross Section Strength
o o0 o Choice Utilisation
= i Y Controls Controls
o e
= e
Siand? Tlement Group i Propery | Wax Property | Wax Allowable | Cower eas Praery
. Vo ongne et Cescrption Nomoarto” | Nomberto’ | Csaion” | " Uewon * Together
e R e GROUP 1 GROUP 2 GROUP 3 oy —_—
o= P Cross-section choices Cross-section choices Cross-section choices o2
- T Analysis properties 1-13 Analysis properties 41-48 | Analysis properties 81-96 08
o= e . o
e i o 65
e e 3
v T o
i T as!
iz T — o5
35 e e o 450300 40 40 RS o5
Facade Facade Internal s
Surface Members Edge Members Web Members a
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[Category Num _JCategory Name [Vin Propert Viax Property | Acive (Vi 5 [Category Num _JCategory Name _[vin Pr Miax Propery | Active (Vi 5
T [Roof Box Sections| §E] X ories of unique S [ T i ot = X ories of unique
2 [Wall Box Sections a1 28 12 smic ductility factor 2 [Wall Box Sections a1 a8 52 ic ductility factor
3 [CHS webs_ [ 81 96 :f‘ lefined by Strand7 Property : JCHS webs I 81 96 :: lefined by Strand7 Property
\ \
Category => 1 2 3 3 3 Category => 1 2 3 2 '
TOAD | Roof Box Sections| Wall Box Sections| CHS webs TOAD | Roof Box Sections| Wall Box Sectons] CHS webs @— Each category has ductility
COMBINATION COMBINATION factor defined for each load
combination
4 R=1 for non-seismic cases
186 166
167 167
168 168
189 165
190 100
. [“T MNationnl Swirnming Center HEBXF0 . [“T MNationnl Swirnming Center HEBXF0
r contro r contro
v v
ategory Num__[Category Name _[Win Property Miax Property | Active: 5 ategory Num _[Category Name _[Min Property Max Property | _Active (VN .
S 71T I S I S —  categories of unique S 171 S S S S —  categories of unique
2 [Wall Box Sections a1 28 Y smic ductility factor 2 [Wall Box Sections a1 a8 52 ic ductility factor
i CHS webs 1 G 56! x lefined by Strand7 Property : CHS webs ! R 56! : lefined by Strand7 Property
\ \
Category == T 2 3 7 ' B Category == T 2 3 7 ' B
TOAD | Roor Box Box Sections| _GHS webs Each category has ductility TOAD | RooT Box G Secions| _CHS webs 4— Each category has ductility
°°M5‘;‘”'°N | factor defined for each load COMBINATION | factor defined for each load
1 e combination
f R=1 for non-seismic cases R=1 for non-seismic cases
5
5 = Seismic load combinations = 4= Seismic load combinations
= Ductility factor R=3 e Ductility factor R=3
150 150
rS Automated Forced Reduction
Design/optir

integration and
of:

“VBA design code (Excel)
“Analysis (Strand7)
«Calculations (MS Access)

+12000 lines of VBA code

0]
takes 2 da

timisation run

ressed Members

«Outputs are :
+Final structural model section choices
+Full calculation set *maximising utilisation limits
+Input data for CAD VBA scripts to
generate drawings

o

ss-section choices
lisation limits

susing optimised cross-

Mark Arkinstall



LSAA 2007 Lightweight Architecture
Conference

S 5 & § 8 £ 8§
£ 08 5 8 B § £ i

Enveloped Maximum Element % Strength Utilisation

o010 200%

October 29 2007

Number of Critical Beams
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Critical Load Combinations for steel super-structure
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Critical Load Combinations for steel super-structure
5000 93% of beams have
2 . .
§ o Non-seismic —
1]
. critical load combinations**
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Critcal Buckling Stress (MPa
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Plastic Buckling - Maximum Total Strai

5

o001
10 100 100 10000 100000
Bucking length (mm)

1 10 100 100 10000 100000
Buckling length (mm)

——Plasic Bucking - o S

beyond first yield.

Conter RSO

ss (WPa

Critical Buckling Stres
Plastic Buckling - Maximum Total Strai

0001
10 100 1000 10000 100000
Buckiing length (mm)

| stif s enst )(inion up to first yield.
| Pl o ediately on first yield.
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Methoodal analysis for 90% mass participation
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Mass p@ation per mode (90% cumulative mass)
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Cumulative mass participation up to 90% of total mass
(First natural modes)
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Whole Structure Modal Frequency (Hz)
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