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Where we are in South East Asia

Indonesia

• 1,900,000 sq km

• 230 m people

Malaysia

• 329,847 sq km

• 27.7 m people

Singapore

• 710 sq km

• 5.0 m people

Singapore An artificial 

diamond created 

by stress



8th Jul 2010 6

Singapore Has 3 Resources Location, Land and People

•Location 

•Land = 710.4 sq km (22% reclaimed)

•People = 5.0m (3.3m citizens)

Maximize Land Utilization



Singapore

EDB (Economic Development)

URA (Planning)

STB  (Tourism)

LTA (Transport)

SLA (Land)

NParks (Parks and Trees)



SingaporeFlyer

Marina Bay Sands IR

Double Helix Bridge

Downtown MRT Line

Gardens by the Bay East

Singapore Sports Hub

Marina Bay Promenade

Gardens by the Bay South
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Singapore Flyer Double Helix Bridge

MRT Downtown Line 

Singapore Sports Hub

2014

Marina Bay Sands

Gardens by the Bay
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The Singapore Flyer



SingaporeFlyer
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Private Developer led 

(Melchers Pty Ltd)

Government supported 

(STB/SLA)

$200M
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History & Evolution
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Millennium Wheel
Initial idea (architect led)
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Millennium Wheel
Initial idea (structural feedback)



Competition Entry
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Design Evolution
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efficiency h = 1/W x A

Design Evolution



Tension Wheels
Superposition



Tension Wheels
Understanding cause & effect



23

Cables act to provide restraint to rim both laterally and 

torsionally (resisting applied loads and controlling rim 

compression buckling):

135m diam : 64 + 16 = 80 Cables:

• Lateral/Radial restraint & stiffness

• Torsional buckling restraint

Millennium Wheel



+ =

150m diam : 112 Cables performing both:

• Lateral/Radial restraint & Stiffness

• Torsional buckling restraint

Singapore Flyer
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Engineering-led design

The final rim structure for the Singapore 

flyer was approximately 15% larger than 

its predecessor the London Eye, and

used approximately 15% less steel.



155m diam : 112 cables

Cables provide:

• Lateral/Radial restraint & Stiffness

Annulus action in rim provides:

• Torsional stiffness / Stability

Las Vegas High Roller

1 4

32
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A vertical erection method was developed to satisfy site area 

constraints and to ensure maximum benefit was gained from the two 

leg supports adopted.

Erection



Vertical 

Strut

Ri

m
Ri

m

Spoke 

cable

STEP 6

① Installed rim segments are jacked in 

for installation of subsequent 

segment.

② This process is repeated with 

installation of all segments.



STEP 7

① Temporary struts installed every 5th

segment.

② Tie-member used to prevent rim 

buckling.

Vertical Strut

Tie-

member

Spoke cable



Tie-

member Spoke Cable

Vertical 

Strut

STEP 8

Whole process is repeated until 

all rim segments are installed.



Spoke Cable 

SW14 -

SW16

STEP 9



STEP 10

Vertical Strut
Tie-

member
Spoke Cable



Rim 

R27
Rim 

R28

Rim 

R26

Completion of rim 

installation.

STEP 11
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Laser technology was used in ensuring acceptable erection tolerances 

and in measuring the tensions in the prestressed spoke cables.
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Singapore Flyer



Marina Bay Sands ®

Integrated Resort



Marina Bay Sands

SingaporeFlyer



Government Land & 

Gaming License release

3 month competition 

(URA)

awarded Aug 2006

completed Feb 2011

US$5.5b



Arts Science Museum

Hotels

Skypark

MRT

Crystal  Pavilions

Marina Bay Sands ® Integrated Resort | Singapore 

MICE

Casino

Theatres

DCS

Promenade

Retail



Buildling Modelling | Reaching new 
technical boundaries Skypark / Hotels
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340m deck structure sitting on top of 3 x 55 storey hotel towers…
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with a 65m cantilever at one end...
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...and a 150m long infinity edge swimming pool



Basement works in soft clay conditions...built on up to 35m of reclaimed land/marine clay
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Hotel Towers



► 600mm thick typical RC shearwalls

► Concrete grade = 60 N/mm2 (lower)

50 N/mm2 (upper)

► Floor concrete grade = 40 N/mm2

► Height to L55 = 176.8 m

► Height to Skypark deck (L56) = 190 m

► Height to Skypark roof (L58) = 199.1 m

Tower 1 – Wall Elevation

Linking 

Truss

Hotel Superstructure

L23







Location of Interest

1. Angular rotation at top of tower

2. Maximum deflection on elevation

3. Differential settlement between

straight and curved wall

4. Differential settlement between

adjacent wall bays

Deflection Studies



1. Angular rotation at top of tower

Deflection Studies
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25mm

57mm
21mm200-250mm

200-250mm
200-250mm

400-500mm

400-500mm
400-500mm

WindEarthquakesDead Loads

Tower Movements
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MJ MJ
MJ MJ

Dealing with movements
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1
2 4

5

3

Dealing with movements



Dealing with movements



Dealing with movements



Plan

Elev.

4m wide x 3.55m ~10m deep box girder

1.25m/ 1.75m dp. 

transverse plate 

girder at 4.2m c/c

175/ 225mm 

thk. composite 

deck slab

4m wide x 3.55m ~10m deep box girder

Column 

support

6 x 31 high strength post 

tensioned cables

Cantilever Construction
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Segment  5 (24th December 2009)

Cantilever Construction
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Wind

Seismic

Human

Dynamics



Dynamic Studies – In situ Testing

People - Testing under real excitation



… groups of up to 160 people







Measured Mode 1: Predicted Mode 1:

Predicted Mode 3:Measured Mode 3:

Findings



Skypark Fast Facts:

• Skypark length 340m

• Steel Tonnage 7,700t

• Cantilever Length 65m

• Cantilever Weight 3,500t





Singapore Sports Hub | Location

Singapore Sports Hub



SingaporeFlyer

Singapore Sports Hub

Marina Bay Sands



Government led PPP 
(to replace old National Stadium)

DSPL / HSBC / Arup & 

DPA

$1.2B



Singapore Sports Hub | An Integrated 
Sports Hub

1
3

4

5

2

6

7

8

9

1. National Stadium

3. Multi-purpose Indoor Arena

4. Singapore Indoor Stadium

5. Water Sports Centre

2. Aquatic Centre

9. Leisure Water

7. Offices

6. Retail/Commercial

8. Sports Information Resource Center

8

Sports promenade



Singapore Sports Hub | The Old Stadium









National Stadium | Efficient Structure

312m span dome

5m deep truss

2.5m deep truss



National Stadium | Landmark



National Stadium | Fixed Roof Structure



National Stadium | Integrated 
Architecture & Engineering



National Stadium | Fixed Roof Structure









Predominantly a 3d axial load system



•12,800 cycles over 50 years

(FOS of 2 on design)

•Local fatigue from bogie movement

Fatigue Considerations

Fatigue

Non-fatigue



Primary & Secondary Truss Detail
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Connection Break up

Group 1
(55%)

 Group 2

(35%)

 Group 2

(10%)

Single chord

(457 or 355.6 CHS) 

+bracing

457 chord with  355.6 secondary 

chord or X-brace

+bracing

At truss 

junctions -

many 

intersecting 

chords and 

bracing
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non-FEA CHS connection design

Research
 CIDECT

 Eurocode 3

 American Petroleum Institute (API)

 American Welding Standard (AWS)

 Plus many papers

Failure mechanisms

Design methodology



Finite element modeling of complex connections
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Architectural 
Design

Structural 
Design Model

Structural 
Detailing Model

Combined 

Services Model

Sports Design

DPA Pte. Ltd.

Arup Singapore

Pte. Ltd.Arup Associates

BYME Int’l.
Sigmabear 

Inc.

Master Revit 
Model

BIM on SSH
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Combined model of structure, architecture and MEP ready to use for co-

ordination, take-offs, visualisations, walk-throughs etc

Design Coordination
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Services are especially difficult to visualise as the only views the architectural and structural

teams traditionally see during the critical stages of the co-ordination process are the single

line diagrammes. BIM makes problems such as low-headroom much more obvious.

Design Coordination



Arup Scope:

Sports venue design, civil, structural, 

fire and maritime engineering, 

acoustics, security and risk consulting, 

moving structures, geotechnics, 

feature lighting design, sports 

lighting, pedestrian modelling and  

turf consulting

Fast Facts:

• 312m dia dome roof 85m above pitch

• 8000t of CHS steelwork

• Over 20,000 steel elements

• 6 analysis models to cover different 

movable roof configurations

• Each analysis model with 1,5000 

combination cases

• 2,500 fixed roof +1,000 movable roof 

+1,750 louvre connections



National Stadium | Moveable Lower 
Tiers

Football 

54,417

Cricket

51,293

Athletics

50,745

• 8 moving tiers elements

• 49 concourse platforms

• 36 concourse tiers elements

• Reconfiguration Athletics to Football in 48hrs



National Stadium | Response to Climate

Giant louvres provide shade 

and rain protection to space 

outside the stadium

Insulated metal roof reflects

sunlight to reduce heat gain

Moving roof blocks out solar 

radiation and rain during 

event

Roof designed to provide naturally 

ventilated space which reduces 

energy required for cooling.



National Stadium | Response to Climate

Cooled air is provided at each seat location 

providing a low energy comfort cooling for all 

spectators 

Moving roof opens when no event is on in the stadium 

and provides natural daylight required for pitch growth

Lower Tier Middle Tier Upper Tier

Moving roof blocks out solar 

radiation and rain during 

event

Roof designed to provide naturally 

ventilated space which reduces 

energy required for cooling.
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Air Supply

Air Supply

Roof closed

Comfort cooling operated



National Stadium | Complete 2014



National Stadium | SEA Games 2015



National Stadium | Complete 2014




