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A Simplified Analysis Method for Determining an Optimized Initial
Shape of Cable-Stayed Bridges

ABSTRACT

A simplified analysis method is first proposed in order to determine an optimized initial shape of cable-stayed bridges including all
unstrained element lengths without using complicated nonlinear FE analysis. The unstrained-length based FE method is then
presented using the unstrained lengths by the simplified analysis. To demonstrate validity and accuracy of the proposed method,
Incheon bridge model having the fabrication camber is constructed and initial shaping analysis is performed using the presented method
and commercial finite element analysis program, MIDAS. Resultantly it is shown that the initial solutions by the proposed algorithm
are well optimized and in good agreement with those by MIDAS except for axial displacements of the main member.

Key words : Simplified analysis method, Cable-stayed bridge, Unstrained length method, Initial shape analysis, Geometrically nonlinear
finite element method
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Fig. 1. Nodal Force Vector of an Elastic Catenary Cable Element
Under the Self-Weight
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Table 1. Material and Geometric Properties

Table 3. Max. Internal Forces and Displacements of the Main
Cable, the Girder and Towers

SAM | MIDAS | ULM

Member E A2 14 W
(GPa) (m°) (m") (KN/m)
Girder 200 2.12 3.16 250
Tower 1 37.50 43.00 240.27 1065.60
Tower 2 37.50 24.13 141.71 689.10
Cable 1 195.00 0.02 - 1.86
Cable 2 195.00 0.01 - 0.93

Table 2. Unstrained Cable Lengths by Simplified Analysis Method

Max. Vertical Displacement

- 0.6 0.8
(mm)
Girder Max. Axial Shortening i %1. 233
(mm)
Max. Moment 7,858.5 | 7,856.9 | 7,244.8

(KN-m) -10,141.3]-10,144.8 | -10,746.5
Max. Vertical Displacement i 494 14
(mm)

Max. Horizontal
1 . - 1.0 7.2
Pylon Displacement (mm)

48,40.6 | 4,844.8 | 51754
-16,681.4|-16,667.8 | -15,563.4

Max. Moment
(KN-m)

Max. Tension (kN) 17,056.4 | 17,060.7 | 17,295.7

Cable No. Unstrained Length (m) Remarks
1 380.5374 back stay
3 361.302 stay cable
5 340.8021 stay cable
7 321.1997 stay cable
9 302.6536 back stay
11 265.9562 stay cable
13 230.8508 stay cable
15 197.3629 stay cable
17 167.3898 stay cable
19 142.4909 stay cable

21 125.7505 stay cable
23 130.386 stay cable
25 149.8214 stay cable
27 176.3974 stay cable
29 207.715 stay cable
31 241.4963 stay cable
33 276.9854 stay cable
35 310.2988 stay cable
37 340.458 stay cable
39 370.9955 stay cable
41 401.9189 stay cable
42 416.9025 stay cable
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