Comparison of Limit Strength of Steel Cable-Stayed Bridges
using Nonlinear Inelastic Displacement and Buckling Analyses
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Abstract

The study examines the limit strength for steel cable-stayed bridges. A case studies have been performed in order to evaluate
the limit strength for steel cable-stayed bridges using nonlinear inelastic analysis approach and bifurcation point instability analysis
approach, effective tangent modulus (%) method. To realize it, a practical nonlinear inelastic analysis considering the initial shape
is developed. In the initial shape analysis, updated structural configuration is introduced instead of initial member forces for
beam-column members at every iterative step. Geometric and material nonlinearities of beam-column members are accounted by
using stability function, and by using CRC tangent modulus and parabolic function, respectively. Besides, geometric nonlinearity of
cable members is accounted by using secant value of equivalent modulus of elasticity. The load-displacement relationships obtained
by the proposed method are compared well with those given by other approaches. The limit strengths evaluated by the proposed
nonlinear inelastic analysis for the proposed cable-stayed bridges with three dimensional configuration compared with those by the
inelastic bifurcation point instability analyses.

keywords : steel cable-stayed bridge, initial shape, nonlinear inelastic analysis, effective tangent modulus
method, limit strength
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FE 9~114 AR E ¢ 3Rl E-7F H2Ee o g)o] T3 AFE BE A EoldAME/Efke] 1.0
fradsfals 23 A golo Wstek Fugol FH 3} oz d4sn AsaIA A A gE Ao
GE(AA FRAAM HAFE YY) G FIY HS Bt mab R Ho o] wAHE AH
FE B 25 FHel wAske F AHGEIRAN AW o FaA%e A4 F2AY B2 S Fe 9P o
23 WAAY) 293 7Y YA FIREIRD = oz yehgh, awln 29 SERdAR Aol

E 9 95 FE slctRel 2a U A48t 8|n

A1 Fan type Semi-harp type Harp type

wo | B Ak 94 5 A 34 5 Ak 814

@) Toe/py| p/py [M3/Mp3| M2/Mp2 ! Per/Py| P/Py [M3/Mp3| M2/Mp2 7 Per/Py | P/Py [M3/Mp3| M2/Mp2 7

0.12 1-0.063|-0.067| 0.214 | 0.0000011 | 1.000 |-0.056|-0.060| 0.187 |0.0007094| 1.000 | -0.041 | -0.044 | 0.125 [0.0043659 | 1.000

0.14 |-0.095|-0.100| 0.304 | 0.0000016 | 1.000 [-0.085|-0.090} 0.265 |0.0010672| 1.000 | -0.062 | -0.067 | 0.181 |0.0066431| 1.000

0.16 [-0.133|-0.135| 0.414 | 0.0000021 | 1.000 [-0.118|-0.124| 0.363 |0.0014765| 1.000 | -0.086 | -0.094 | 0.243 |0.0092541| 1.000

0.18 |-0.176|-0.162| 0.483 | 0.0000025 | 0.967 |-0.155|-0.159| 0.467 |0.0018880| 0.977 | -0.113 | -0.125 | 0.308 |0.0120531 | 1.000

0.20 [-0.221{-0.170| 0.484 | 0.0000026 | 0.959 |-0.196|-0.174| 0.496 |0.0020710| 0.945 | -0.142 | -0.149 | 0.355 |0.0142329| 1.000

0.22 |-0.246]-0.179( 0.496 | 0.0000028 | 0.943 |-0.238(-0.184| 0.511 |0.0021905| 0.921 | -0.172 | -0.169 | 0.396 | 0.0160381 | 0.995

0.25 |-0.2591-0.191} 0.514 | 0.0000029 | 0.913 |-0.260(-0.196] 0.530 |0.0023299| 0.886 | -0.219 | -0.193 | 0.452 |0.0182284 | 0.951

0.30 |-0.280|-0.208| 0.546 | 0.0000032 | 0.850 |-0.282]-0.215| 0.568 {0.0025562| 0.803 | -0.287 | -0.215 | 0.525 |0.0202705 | 0.842

0.40 {-0.323]-0.238| 0.599 | 0.0000036 | 0.707 |-0.325|-0.246| 0.632 |0.0029215| 0.614 | -0.331 | -0.243 | 0.642 |0.0228448 0.553

0.50 |-0.364|-0.263| 0.636 | 0.0000039 | 0.567 |-0.368|-0.267| 0.667 |0.0031556} 0.473 | -0.374 | -0.267 | 0.734 |0.0244781| 0.222

1.00 [-0.473(-0.332| 0.666 | 0.0000048 | 0.283 [-0.549|-0.320| 0.719 |0.0038089| 0.142 | -0.573 | -0.293 | 0.783 |0.0269154 | 0.000

1.50 |-0.5639|-0.375| 0.646 | 0.0000053 | 0.190 |-0.605|-0.346| 0.712 {0.0044305( 0.067 | -0.712 | -0.296 | 0.696 | 0.0311436| 0.217

B 10 ZER0IM Hoh S2o| was XMe| BX2 L 248 8]T
Fan type Semi-harp type . Harp type
2l s A 4 E A A 5 g A4
. n n n
(m) Per/Py| P/Py |M3/Mp3| M2/Mp2 Per/Py| P/Py M3/Mep M2/Mp2 Per/Py | P/Py |M3/Mp3| M2/Mp2

3

0.12 |{-0.084{-0.087| -0.493 | 0.000063 | 0.997 |-0.086|-0.090|-0.453 | 0.000093 | 1.000 | -0.095 | -0.101 | -0.365 | 0.000349 | 1.000

0.14 }-0.124]-0.128| -0.559 | 0.000093 | 0.937 {-0.127|-0.134|-0.510 | 0.000137 | 0.970 | -0.141 | -0.152 | -0.432 | 0.000518 | 0.995

0.16 |-0.170(-0.171| -0.602 | 0.000123 | 0.829 |-0.174|-0.181|-0.564 | 0.000185 | 0.866 | -0.192 | -0.210 | -0.482 | 0.000694 | 0.922

0.18 [-0.220(-0.202| -0.566 | 0.000144 | 0.832 |-0.224(-0.227-0.592| 0.000229 | 0.743 | -0.248 | -0.273 | -0.530 | 0.000854 | 0.759

0.20 {-0.272|-0.209| -0.488 | 0.000151 | 0.918 [-0.277{-0.246|-0.525| 0.000249 | 0.820 | -0.305 | -0.323 | -0.530 | 0.000949 | 0.654

0.22 {-0.297(-0.216 | -0.439 | 0.000167 | 0.955 |-0.330(-0.255]-0.477| 0.000261 | 0.871 | -0.363 | -0.358 | -0.580 | 0.001052 | 0.439

0.25 |-0.304|-0.224| -0.387 | 0.000165 | 0.981 |-0.352]-0.264|-0.426 [ 0.000275 | 0.918 | -0.448 | -0.397 | -0.631 | 0.001185 | 0.159

0.30 |-0.315[-0.234| -0.332 [ 0.000176 | 0.997 |-0.364[-0.278 -0.378| 0.000295 | 0.948 | -0.564 | -0.419 | -0.638 | 0.001361 | 0.049

0.40 |-0.333|-0.247| -0.268 | 0.000189 | 0.999 |-0.386]-0.294|-0.331| 0.000322 | 0.969 | -0.600 | -0.432 | -0.634 [ 0.001612 | 0.012

0.50 |-0.348[-0.254 | -0.232 | 0.000195 | 0.993 |-0.406|-0.295(-0.305| 0.000328 | 0.982 | -0.629 | -0.435 | -0.633 | 0.001780 | 0.002

1.00 |-0.325|-0.232| -0.270 | 0.000170 | 0.997 |-0.435|-0.256|-0.390| 0.000301 | 0.957 | -0.717 | -0.352 | -0.529 | 0.001719 | 0.580

1.60 {-0.281(-0.200| -0.463 | 0.000171 | 0.949 |-0.363|-0.211{-0.548| 0.000319 | 0.843 | -0.708 | -0.287 | -0.286 | 0.001433 | 0.993

SIEMAT AT S =28 18 M35(2005.9) 285



LAY e FEus 84 2 REHAG 08 PAgRe) FegE A
1) FYEIPOM o] RHEYL WSt XIHe EA o AM3 d
A Fan type Semi-harp type Harp type
%°] Ef A &)A Ef Akt A E} i R
n n n
(m) Per/Py | P/Py |M3/Mp3| M2/Mp2 Per/Py| P/Py [M3/Mp3| M2/Mp2 Pecr/Py | P/Py [M3/Mp3| M2/Mp2
0.12 | 0.000 | 0.009 | 0.856 |-0.000083 | 0.479 | 0.000 | 0.008 | 0.778 [-0.000077| 0.682 | 0.000 | 0.005 | 0.576 |-0.000058 | 0.975
0.14 | 0.000 | 0.013 | 0.974 {-0.000111{ 0.077 | 0.000 | 0.011 | 0.918 [-0.000108]| 0.282 | 0.000 | 0.006 | 0.708 | -0.000087 | 0.822
0.16 | 0.000 | 0.016 | 0.992 |-0.000129 | 0.000 | 0.000 | 0.014 | 0.989 [-0.000129| 0.000 | 0.000 | 0.006 | 0.840 |-0.000118 | 0.000
0.18 | 0.000 | 0.018 [ 0.992 |-0.000143 | 0.000 | 0.000 | 0.017 | 0.992 |-0.000144| 0.000 | 0.000 | 0.005 | 0.952 | -0.000143 | 0.000
0.20 | 0.000 | 0.017 | 0.991 |-0.000154 | 0.000 | 0.000 | 0.017 | 0.992 |-0.000156| 0.000 | 0.000 | 0.003 | 0.991 |-0.000158 | 0.000
0.22 [ 0.000 | 0.017 | 0.991 |-0.000163 | 0.000 | 0.000 | 0.017 | 0.991 |-0.000166| 0.000 | 0.000 | 0.002 | 0.996 |-0.000169 | 0.000
0.25 { 0.000 | 0.017 | 0.991 |-0.000172{ 0.000 | 0.000 | 0.017 | 0.991 |-0.000176{ 0.000 | 0.000 | 0.003 | 0.997 |-0.000182 | 0.000
0.30 | 0.000 | 0.017 | 0.991 |-0.000181| 0.002 | 0.000 | 0.017 { 0.991 [-0.000187] 0.001 | 0.000 | 0.009 | 0.993 |-0.000196 | 0.009
0.40 | 0.000 | 0.016 | 0.992 |-0.000183 | 0.000 | 0.000 | 0.017 | 0.991 {-0.000190| 0.000 | 0.000 | 0.021 | 0.983 | -0.000205{ 0.000
0.50 { 0.000 | 0.015 | 0.992 |-0.000175 | 0.000 | 0.000 | 0.017 | 0.991 |-0.000184]} 0.000 | 0.000 | 0.030 | 0.979 |-0.000202 | 0.000
1.00 | 0.000 | 0.010 | 0.995 {-0.000122 | 0.000 | 0.000 | 0.015 | 0.992 {-0.000129| 0.000 | 0.000 | 0.028 | 0.948 | -0.000152 | 0.000
1.50 | 0.000 | 0.007 | 0.996 | -0.000090 | 0.000 | 0.000 | 0.013 | 0.993 [-0.000093| 0.000 | 0.000 | 0.015| 0.816 | -0.000115| 0.000
Bending Moment (Girder) Bending Moment (Girder)
H=0.12 m H=0.20 m
1.20 1.20
0-80 0'80
0.40
£ 000 s 9
s © § 0.00
-0.40 r -040 |
-0.80 ~0.80 F
-1.20 : 1.90
0.0 46.4 92.7 139.1 1854 231.8 :
0.0 46.4 92.7 139.1 1854 231.8
Length (m) Length (m)
Bending Moment (Girder) Bending Moment (Girder)
H=0.50 m H=1.5 m
1.20 1.20
0.80 0.80
o 0.40 o 0.40
§ 0.00 § 0.00
-0.40 -0.40
-0.80 + -0.80
-1.20 I -1.20
0.0 46.4 927 139.1 1854 231.8 0.0 46.4 92.7 139.1 1854 2318
Length (m) Length (m)
J% 13 7 =0|# Fan Type AL Fo| RHE X
gaol BAglel RE At moldA B/ERel 1.022 AR muEel wWsbl A4 gopxe ARE ¢+ 9%
dAsite 235 9 5 AATh o ol& AolEe] ¥ BAxHez A48T wE FY
IY 13€ Fan Type AR FEFAM AY Eol7} Hlgte] S8 Aol FRHA F3hr] wEolr
Wald o) ZoE E¥sg a9 Aoz A koli) & 3% 14004 ATE & gl ulek go] AolE wjx
FASE FYH AolRe] A4 Helt AA Aolgg Z A Wt A7) T2 A F49 Agnd A A
286 s=mMATEZESs| =28 H18H H35(2005.9)
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58 B3t EA% A3 27134 2% F Fan Type
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