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Nonlinear FEM analysis of Cable-stayed PSC Bridges
Considering Time-dependent Behavior
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Abstract

In this paper the nonlinear analysis that include time-dependent characteristics of materials and geometric nonlinearity of
elements for the cable-stayed PSC bridges is presented. Analysis models for finite element method were developed based on the
flexibility based fiber beam-column model originally proposed by Spacone et al.(1996). The developed analysis model implemented
in general purpose object-oriented finite element analysis program named HFC(Cho 2009). The performance of proposed analysis
models is evaluated by comparing with the former results of the design data. The deflection of time dependent analysis is larger
than time ignored analysis on construction sequences, and the bridge is destructed at a smaller deflection than the time ignored
analysis on failure behavior.

Keywords .- HFC, construction sequence, Cable-stayed concrete bridge, time-dependent, fiber beam-column.
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Fig. 1 Uniaxial stress-strain relation of concrete &
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Fig. 3 Schematic representation of prestressing bar in
cable-stayed bridge
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Table 1 Details of prestressing tendon

Area |Yield stress|Ult. stress|Initial stress
(mm?) (MPa) (MPa) (MPa)
ap‘;‘;‘fd] 21%‘;%(; 1,600 1,900 1,710
tower 532383%0' 1,600 1,900 1,710
midspan 22%%2(; 1,600 1,900 1,710

Table 2 Details of concrete property

Strength Ult. creep | Ult. shrinkage
(MPa) coeff. strain
Concrete 40 2.35 0.008

Table 3 Details of reinforcement & cable property

Elastic Modulas | Yield stress | Ult. stress
(MPa) (MPa) (MPa)
Reinforcement 20,000 400
Cable 20,000 1,600 1,900
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Fig. 4 Half cross section of bridge deck
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Fig. b Half cross section of pylon

Table 4 Details of deck section

Area I y Ratio of

(m?) (MPa) (m) reinforcement
Section 1 6.9 6.65 1.0 0.000613
Section 2 8.8 8.85 1.114 0.003146
Section 3 11.0 10.4 1.225 0.003112
Section 4 13.5 11 1.238 0.002639
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Fig. 8 Moment of deck of Initial shape analysis

Table 5 Initial tension of cables

Cable | Area |Initial tension| Cable | Area |Initial tension

No. |(mm? (kN) No. | (mm? (kN)
1 6,450 2,972 17 6,450 3,457
2 6,450 2,082 18 | 6,450 2,706
3 5,500 2,368 19 5,500 2,996
4 5,500 2,199 20 5,500 2,767
5 5,500 2,080 21 5,500 2,577
6 4,650 2,038 22 | 4,650 2,446
7 4,650 1,952 23 | 4,650 2,740
8 4,650 1,848 24 | 4,650 2,961
9 4,650 2,038 25 | 4,650 2,922
10 | 4,650 2,143 26 | 4,650 2,699
11 | 4,650 2,285 27 | 4,650 2,332
12 {5,500 2,498 28 5,500 2,455
13 | 5,500 2,686 29 5,500 2,631
14 {5,500 2,913 30 5,500 2,846
15 {6,450 2,597 31 6,450 2,548
16 {6,450 3,367 32 | 6,450 3,281
33 |6.,450 3,347 49 | 6,450 3,380
34 {6,450 2,604 50 | 6,450 2,521
35 | 5,500 2,902 51 5,500 2,925
36 | 5,500 2,682 52 5,500 2,701
37 | 5,500 2,504 53 5,500 2,515
38 | 4,650 2,363 54 | 4,650 2,288
39 |4,650 2,750 55 | 4,650 2,166
40 | 4,650 2,972 56 | 4,650 2,057
41 | 4,650 2,955 57 | 4,650 1,913
42 14,650 2,728 58 | 4,650 2,011
43 | 4,650 2,381 59 | 4,650 2,083
44 | 5,500 2,525 60 5,500 2,156
45 | 5,500 2,711 61 5,500 2,288
46 | 5,500 2,937 62 5,500 2,470
47 16,450 2,644 63 6,450 2,070
48 | 6,450 3,389 64 | 6,450 3,053
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Table 6 Results at failure loads of deck

Failure Load |Ult. Moment| Ult. Deflection

(kN/m) (kNm) (m)
Load case 01 730 -229,000 7.4
Load case 02 540 -232,000 4.1
Load case 03 670 -241,000 10.1
Load case 04 560 -232,000 6.1
Load case 05 570 -192,000 11.4
Load case 06 310 -148,000 3.8
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