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Self-Anchored Suspension Bridge
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History Development

o Initial Style

* Original Cologne-Deutz Bridge
(1915, Germany)
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» Seventh Street Bridge
(1928, Pittsburgh)
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History Development

 Modern Style

« Konohana Bridge
(1990, Japan)

* Yongjong Bridge
(1999, Korea)
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History Development

» Major Self Anchored Suspension Bridge

Name (Location) Year

Cologne-Deutz (Germany) 1915

Seventh Street (Pittsburgh) 1928

Kiyosu (Japan) 1928

Cologne-Mulheim (Germany) 1929

Konohana (Japan) 1990

Yongjong (Korea) 1999

(JOHNA.O.,DAVID P.B))
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Structural Concept

« Anchored System

» Massive Anchorage
* Long span suspension bridge

* Longitudinally supported by
stiffening girder

» Vertical camber of girder




Sorok Bridge




.~ SorokBridge

 General View

« Completed in 2008

 Located in Sorok
Island, Cheonlla-
Namdo, Korea
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e Elevation diagram
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 Main span : 250m (nearly 17% shorter then the Konohana Bridge)

 Navigational clearance : 110m X 21.5m




* General Layout

Steel box girder
Girder width : 15.4m

Mono cable system

PPWS main cable system

 Diamond shape concrete pylon
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Initial Equilibrium Condition




Initial Force Method (IFM)

e Initial Force Method
* Yongjong bridge, Sorok bridge in design stage
» Excessive vertical camber : 175.6mm

e Calculation Procedure

» 1st step : divide dead load into Pre-dead load and Post-dead load
« 2"d step : Calculate internal force of girder, pylon, and hanger
o final step : camber calculation in correspondence with target profile
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Improved Initial Force Method (IIFM)

e Optimum analysis method for self anchored suspension system

* Improved Initial Force Method (lIFM)

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




Improved Initial Force Method (IIFM)

e Calculation Procedure

o 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
corresponding to this boundary
condition




Improved Initial Force Method (IIFM)

e Initial Equilibrium Analysis

 FEA software : RM space frame RM module

« A number of non-linear analyses are developed
by controlling hanger forces

* FEA model
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IFM Vs. IIFM
e« Camber diagram of « Moment diagram of
initial equilibrium initial equilibrium
condition condition

displacement (mm)
Interal B ending Moment (kN m)
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« The maximum bending moment of 215 KN-m (nearly 70% shorter
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 Analysis




. i

» Construction method of self-anchored suspension bridge
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e Girder Jack-down Method

e 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

* Finally, internal axial forces of cables are automatically applied
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 Hanger pulling Method

e 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
 Finally, the reaction on temporary supports are almost removed




e Stage moment
diagram for both
construction
Method

Hanger Pulling Method

Girder Jack-down Method
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* Result of stage analysis for construction method

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

Hager Jack-
Construction Method pulling down Remark
method method

Center

Fist Step KN m -6025 -6697 Span

Moment | Middle Step | kN m -5221 -5530
Span

Final Step KN m -640 -640 Side Span

Hager force KN 837 407

Girder Stress MPa -247 255

\-) No big difference between two methods




Hanger Pulling Method




- Hanger Pulling Method

e Construction method decision factor

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




 Hanger install sequence

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

» Decided erection sequence of hanger cable

Step.4 Step.4 Step.3 Step.4 Step.5 Step.1 Step.5 Step.4 Step.3 Step.4 Step.4

Step.1 Step.5 Step.2 Step.6 Step.2 Step.3 Step.3 Step.2 Step.6 Step.2 Step.5 Step.]




~_Hanger Pulling Method

e Consideration for real erection

» Pulling of hanger cable in construction site




Verification with Site Measurement
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 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

e Final profile change

» The final profile of stiffening girder of the Sorok Bridge is changed a little after
girder and main cable are constructed
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« Comparison of girder profile value

 The original profile is changed according to the [IFM application
« Completion : Site measurement after hanger and pavement completion
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—m— Analysis
After hanger erection

Completion
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« Comparison of girder profile value

Check Point Original | Analysis | Completion

1/2 Side Span 20.058 29.057 29.017

1/4 Center Span 29.500 29.552 29.575

1/2 Center Span 29.620 29.725 29.723
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