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Self Anchored Suspension BridgeSelf Anchored Suspension Bridge

• Initial Style

History Development

• Initial Style

• Original Cologne-Deutz Bridge
(1915, Germany)
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• Seventh Street Bridge

(1928, Pittsburgh)



Self Anchored Suspension BridgeSelf Anchored Suspension Bridge
History Development

• Modern Style• Modern Style

• Konohana Bridge
(1990, Japan)
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• Yongjong Bridge

(1999, Korea)



Self Anchored Suspension BridgeSelf Anchored Suspension Bridge
History Development

• Major Self Anchored Suspension Bridge• Major Self Anchored Suspension Bridge

Name (Location) Year
Main
Span

Side
Spans

Sag : 
SpanSpan Spans Span

Cologne-Deutz (Germany) 1915 184.5 92.3 1:8.6

S th St t (Pitt b h) 1928 134 8 67 5 1 8 1Seventh Street (Pittsburgh) 1928 134.8 67.5 1:8.1

Kiyosu (Japan) 1928 91.5 45.8 1:7.1

Cologne-Mulheim (Germany) 1929 315.0 91.0 1:9.1

Konohana (Japan) 1990 300.0 120.0 1:6.0

Yongjong (Korea) 1999 300.0 125.0 1:5.0

Sorok (Korea) 2008 250.0 110.0 1:5.0
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Self Anchored Suspension BridgeSelf Anchored Suspension Bridge

• Anchored System

Structural Concept

• Anchored System

• Massive Anchorage
• Long span suspension bridge

• Self Anchored System

Long span suspension bridge

• Self Anchored System

• Longitudinally supported by 
stiffening girder
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• Vertical camber of girder



Sorok BridgeSorok Bridge
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Sorok BridgeSorok Bridge

• General View

• Completed in 2008 
• Located in Sorok• Located in Sorok 

island, Cheonlla-
Namdo, Korea
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Sorok BridgeSorok Bridge

• Elevation diagram
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• Main span : 250m  (nearly 17% shorter then the Konohana Bridge)
• Navigational clearance : 110m × 21.5m



Sorok BridgeSorok Bridge

• General Layout

• Steel box girder 
• Girder width : 15.4m

M bl t• Mono cable system 

• PPWS main cable system

• Diamond shape concrete pylon 8
7
.4
m

• Diamond shape concrete pylon

CL

15.7m

m
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m

11



Initial Equilibrium ConditionInitial Equilibrium Condition
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Initial Equilibrium ConditionInitial Equilibrium Condition
Initial Force Method (IFM)

• Initial Force Method

• Yongjong bridge, Sorok bridge in design stage
• Excessive vertical camber : 175.6mm

Initial Force Method

• Calculation Procedure

• 1st step : divide dead load into Pre-dead load and Post-dead load1 step : divide dead load into Pre dead load and Post dead load
• 2nd step : Calculate internal force of girder, pylon, and hanger
• final step : camber calculation in correspondence with target profile

175.6mm
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Initial Equilibrium ConditionInitial Equilibrium Condition
Improved Initial Force Method (IIFM)

• Optimum analysis method for self anchored suspension systemOptimum analysis method for self anchored suspension system

TargetTarget • Minimizing camber of stiffening girder• Minimizing camber of stiffening girder

Self-anchored systemSelf-anchored system
•Stiffening girder is erected before the cable installation
•Not to divide dead load for initial condition
•Stiffening girder is erected before the cable installation
•Not to divide dead load for initial conditionyy
•Hanger force can be controlled•Hanger force can be controlled

• One-time calculation possible for all dead load 
• Minimize the camber by controlling cable force

• Improved Initial Force Method (IIFM)

• Minimize the camber by controlling cable force
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Initial Equilibrium ConditionInitial Equilibrium Condition

• Calculation Procedure

Improved Initial Force Method (IIFM)

• Calculation Procedure

• 1st step : 
Set up simultaneous equations as 
same number of cables

• 2nd step : 
Establish boundary conditions not to 
allow secondary vertical  displacement

• final step : 
Find optimum cable forces

di t thi b dcorresponding to this boundary 
condition
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Initial Equilibrium ConditionInitial Equilibrium Condition

• Initial Equilibrium Analysis

Improved Initial Force Method (IIFM)

• FEA software : RM space frame
• A number of non-linear analyses are developed 

by controlling hanger forces

q y

RM module

• Stay Cable Nonlinearby controlling hanger forces • Stay Cable Nonlinear 
• P-Delta effects
• Large displacements
• ADDCON• ADDCON

• FEA model
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Initial Equilibrium ConditionInitial Equilibrium Condition
IFM Vs. IIFM 

• Camber diagram of • Moment diagram ofCamber diagram of 
initial equilibrium 
condition

Moment diagram of 
initial equilibrium 
condition

• The maximum bending moment of 215 kN·m    (nearly 70% shorter 
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then bending moment of 740 kN·m by initial force  method without 
iterated calculation )

• Girders are fabricated without camber and can be easily constructed



Erection Stage AnalysisErection Stage Analysis
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Erection Stage AnalysisErection Stage Analysis

• Construction method of self-anchored suspension bridge

Stiffening girder is erected on 
temporary girder

Stiffening girder is erected on 
temporary girderp y gp y g

M i bl tiM i bl tiMain cable erectionMain cable erection

Girder Jack-down 
method

Girder Jack-down 
method

Hanger erection : Connecting 
sequence of cable and girder
Hanger erection : Connecting 
sequence of cable and girder

methodmethod

Pavement and MiscellaneousPavement and Miscellaneous

Hanger pulling methodHanger pulling method
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Erection Stage AnalysisErection Stage Analysis

• Girder Jack-down Method

• Girder is set up the level which can make hanger installed without pulling force
• Hanger could be installed without pulling force
• Girder settled down to target profile• Girder settled down to target profile
• Finally, internal axial forces of cables are automatically applied
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Erection Stage AnalysisErection Stage Analysis

• Hanger pulling Method

• Girder is set up at the level with final target profile
• Hanger directly installed to the girder
• According to hanger erection proceed the bending moments of girder decrease• According to hanger erection proceed, the bending moments of girder decrease
• Finally, the reaction on temporary supports are almost removed
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Erection Stage AnalysisErection Stage Analysis

• Stage moment 
diagram for bothdiagram for both 
construction 
Method
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Erection Stage AnalysisErection Stage Analysis

• Result of stage analysis for construction method

• Non-linear stage analysis for large scale deformation
• Backward analysis 
• FEA software : RM space frame

Remark
Jack-
down 

method

Hager 
pulling 
method

UnitConstruction Method

p

Center

Center 
Span-6697-6025kN mFist Step

methodmethod

Side Span-640-640kN mFinal Step

Center 
Span-5530-5221kN mMiddle StepMoment

255-247MPaGirder Stress

407837kNHager force

23No big difference between two methods



Hanger Pulling MethodHanger Pulling Method
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Hanger Pulling MethodHanger Pulling Method

• Construction method decision factor

Structural stabilityStructural stability • Both method have an enough Structural stability• Both method have an enough Structural stability

Effectiveness of 
Construction

Effectiveness of 
Construction

•Girder jack down method require elaborate controlling 
skill

•Huge scale facilities and supports under the stiffening

•Girder jack down method require elaborate controlling 
skill

•Huge scale facilities and supports under the stiffeningConstructionConstruction Huge scale facilities and supports under the stiffening 
girder need to be installed 
Huge scale facilities and supports under the stiffening 
girder need to be installed 

SafetySafety •Hanger pulling method is to be done on the stiffening •Hanger pulling method is to be done on the stiffening SafetySafety girdergirder

Q/AQ/A •Hanger pulling method can easily control the hanger 
force

•Hanger pulling method can easily control the hanger 
forceforceforce

Hanger pulling method is more advantageous for constructional
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Hanger pulling method is more advantageous for constructional 
effectiveness, safety and cost minimization



Hanger Pulling MethodHanger Pulling Method

• Hanger install sequence

• 9 cases of hanger install sequence are investigated to find structural feasibility 

• The slip stability for main cable on the saddle• The slip stability for main cable on the saddle

Feasibility IssueFeasibility Issue
• Safety for maximum cable force at end hanger 
• Maximum stress of main cable by excessive bending
• Two type of hanger cable system (pin / socket)

• Safety for maximum cable force at end hanger 
• Maximum stress of main cable by excessive bending
• Two type of hanger cable system (pin / socket)

• Decided erection sequence of hanger cable
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Hanger Pulling MethodHanger Pulling Method
• Consideration for real erection

S k hS k hSocket type hanger 
should be installed at 

first step

Socket type hanger 
should be installed at 

first step

• To tension with minimum jacking force
• Minimum scale jacking equipments are required 
• To tension with minimum jacking force
• Minimum scale jacking equipments are required 

Tension sequence 
and/or pulling force 

control

Tension sequence 
and/or pulling force 

control

• Not to damage the stability of whole cable system
• Hanger erection are directly controlled by site engineer
• Not to damage the stability of whole cable system
• Hanger erection are directly controlled by site engineer

• Pulling of hanger cable in construction site
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Verification with Site MeasurementVerification with Site Measurement
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Verification with Site MeasurementVerification with Site Measurement

• To complete this well matched construction

• Expection of displacement and force of structural elements at every stage
• Axial force of hanger and main cable, the camber and internal forces of girder 

and pylon are investigated in detail and applied at site

• Final profile change

• The final profile of stiffening girder of the Sorok Bridge is changed a little after 
girder and main cable are constructed 

• 2nd dead load is larger than expected value• 2nd dead load is larger than expected value

Profile IssueProfile Issue

• 2nd dead load is larger than expected value 
• Excessive creep of pylon  
• Aesthetic features of the bridge

Rain drainage problem

• 2nd dead load is larger than expected value 
• Excessive creep of pylon  
• Aesthetic features of the bridge

Rain drainage problem• Rain drainage problem• Rain drainage problem

29
Axial force of hanger cable and unstrained cable length 

is changed to move girder profile upward
Axial force of hanger cable and unstrained cable length 

is changed to move girder profile upward



Verification with Site MeasurementVerification with Site Measurement

• Comparison of girder profile value

• The original profile is changed according to the IIFM application 
• Completion : Site measurement after hanger and pavement completion
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Verification with Site MeasurementVerification with Site Measurement

• Comparison of girder profile value

Check Point Unit Original Analysis Completion Error

1/2 Side Span m 20.058 29.057 29.017 0.041/2 Side Span m 20.058 29.057 29.017 0.04

1/4 Center Span m 29.500 29.552 29.575 -0.023

1/2 Center Span m 29.620 29.725 29.723 0.002

Gap IssueGap Issue •Pavement density 10~15% larger than actual density about •Pavement density 10~15% larger than actual density about Gap IssueGap Issue 21kN/m321kN/m3

If we consider this factor, the results of analysis are very preciseIf we consider this factor, the results of analysis are very precise
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ConclusionConclusion

Initial 
Equilibrium

Initial 
Equilibrium

• Improved initial force method are applied
• Girder is fabricated without vertical camber
• Improved initial force method are applied
• Girder is fabricated without vertical camberEquilibrium 

Condition
Equilibrium 
Condition

• Girder is fabricated without vertical camber
• The results are verified by measurement in site
• Girder is fabricated without vertical camber
• The results are verified by measurement in site

• To expect deformation and force• To expect deformation and force
Stage AnalysisStage Analysis

• To expect deformation and force
• To ensure structural stability during construction
• Precise profile control are carried out

• To expect deformation and force
• To ensure structural stability during construction
• Precise profile control are carried out

Hanger Pulling 
Method

Hanger Pulling 
Method

• Effectiveness of construction
• To ensure erection stability

Cost efficienc Impro ement

• Effectiveness of construction
• To ensure erection stability

Cost efficienc Impro ement• Cost efficiency Improvement• Cost efficiency Improvement

Improved analysis method for initial equilibrium condition and 
hanger pulling method, used in the Sorok Bridge, are confirmed 

as proper and effective analysis method and construction skill for

Improved analysis method for initial equilibrium condition and 
hanger pulling method, used in the Sorok Bridge, are confirmed 

as proper and effective analysis method and construction skill for
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as proper and effective analysis method and construction skill for 
erection of self-anchored suspension bridge 

as proper and effective analysis method and construction skill for 
erection of self-anchored suspension bridge 



Analysis for Initial Equilibrium Condition 
d E i S f S k

Analysis for Initial Equilibrium Condition 
d E i S f S kand Erection Stages of Sorok

(Self Anchored Suspension) Bridge
and Erection Stages of Sorok
(Self Anchored Suspension) Bridge

Engineering with Vision and ConfidenceEngineering with Vision and Confidence

Thank youThank you
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