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Dynamic nonlinear analysis of cable-stayed bridges of kilometers length
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Abstract: For long-span cable-stayed bridges ( CSBs) longer than one kilometer, the response characteristics of the
superstructure caused by the nonlinear factors under earthquakes have not been adequately studied. Two models of CSBs
longer than 1 km were set up to analyze the dynamic properties due to the dead load geometry stiffness, to conduct
dynamic time-history analysis through considering the geometry nonlinearity at the final construction stage, to obtain the
response characteristics under earthquake, and to compare the results of the two models. The resulis show that the
nonlinear ( mainly geometry nonlinear) effects cannot be ignored in dynamic analysis of the superstructure, and the
effects for the seismic performance of the CSBs increase significantly with increase of the span. The dynamic geometric

nonlinearity poses a special problem for seismic resistance, and should be analyzed and designed carefully for CSBs over

1600 meters.
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Fig.1 Longitudinal profile of the model 1
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Fig.3 Longitudinal earthquake acceleration time history
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Table 1 Dynamic properties of model 1

¥ (Hz)
FRAFIE F L4 REE. RBH AL
Rl JUERIE  JLTRIE ORI
YR 0.0732 0.0736 0.0666  0.0656
FEXMFEME  0.1010 0. 1068 0.1068 0.1004
—BXFRESE  0.1801 0.1834 0.1824 0.1779
—~BRMEREE  0.2252 0.2281 0.2273 0.2195
FEERXFRME  0.2860 0.2882 0.2882 0.2819
BRI 0.3207 0.3223 0.3213 0.3083
BRXFREE  0.3877 0.3890 0.3876 0.3718
— B X FR % 1.0260 1.0264 1.0264 0.9948

—Br R RREEE 1.7525 1.7527 1.7526 1.7067

=2 ER2MFBHHBHER
Table 2 Dynamic properties of model 2

$i% (Hz)
= RURFAE FILf KRB, RIBR AL
R JUERIE  JUERIE TR
Y| 0.0454 0.0458 0.0376  0.0353
REXHRME  0.0678 0.0741 0.0741 0.0677
—BiXRREE 0.1369 0.1401 0.1388 0.1351
—rRMRET  0.1693 0.1722 0.1711 0.1652
PR ITRWE  0.1875 0. 1899 0.1899 0.1838
B3 HR S 0.3138 0.3178 0.3159 0.3049
BRTHRME  0.3146 0.3186 0.3166 0.3052
— B Xt FR 0.7383 0.7413 0.7413 0.7412
—MrRXFRHEE 1.3439 1.3448 1.3447 1.3485
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Table 3 Displacement of key points for model 1 Table 4 Displacement of key points for model 2
TR P+ B BEE - RE A+ B B+ B T8 ghi + R B R A BE BER R
WAR HWABER  BAYE BANA BWANR WABM BAGE  MARER
{#%(m) {#(m) it (m) i #% (m) {i#%(m) {i#% (m) i (m) {#(m)
ITHRD 0.570- 0.03957 0.613 0.063 THD 1.288 0.09497 1.435 0.120
TH 0.645 0. 03965 0.713 0.061 THD 1.280 0.08723 1.455 0.112
(@D D) 13.07 0.18 16.18 -3.10 (@-D)/D) -0.62 0.08148 1.39 -7.15
x 100 x 100

®5 BYI1MESXBEEAN

Table 5 Internal forces on the tower key section of model 1

B0 (kN) BY 1 (kN) (KN * m)
T/ i &
P+ REEA OB+ BEEA AW+ BEBA BT - REEA AE -+ BIEA OB+ BERAA
R 3.02E +04 9.53E +04 1.32E +04 1.44E +04 1. 12F +06 5.03E +05
‘ TR Em 2.18E +04 6.88E +04 7.45E +03 1.32E +04 6.70E +05 3.71E +05
THO TR T 2.47E +04 9.30E +04 9.04E +03 1.09E +04 6.68E +05 2.68E +05
=] 1.01E +04 5.38E +04 4.23E +03 3.40E +03 2.28E +05 1.09E +05
294 3.04F +04 9.45E +04 1.34E +04 1.44E +04 1. 18E +06 5.05E +05
. THEZ M 2.21E +04 6.80E +04 7.94E +03 1.33E +04 7.50E +05 3.74E + 05
TR THETM 2.49F +04 9.22F +04 9.37E +03 1.08E +04 7.48E +05 2.68E +05
ZX AT 9.93E +03 5.31E +04 4.81E +03 3.43E +03 2.48E +05 1.11E +05
2973 0.52 -0.78 1.21 0.14 5.68 0.30
(@D TFHPLM 1.35 -1.18 6.55 0.53 11.91 0.86
/D) X100 FEBETFM 1.03 -0.84 3.62 -0.18 11.90 -0.07
X T -1.48 -1.25 13.74 0.82 8.82 1.46
*k6 BHR2MNESXBEEEAN
Table 6 Internal forces on the tower key section of model 2
— E B (kN) 891 (kN) THE(N - m)
DA+ BEEA KR+ BEEA O BERAA BE s BERA HUE - BABA O BE + BRBA
HE 4.70E +04 8. 10E +04 1.93E +04 1.90E +04 1. 50E +06 8.06E +04
) FTHE M 3.37E +04 6.40E +04 8.71E +03 5.00E +04 1.01E +06 5.17E +04
TRD FTHEETM 3.80E +04 7.96E +04 1.15E +04 1.38E +04 1.01E +06 —2.27E +04
EX AT 1.63E +04 6.07E +04 4.25E +03 8.59E +03 3.57E +05 2.08E +05
35 9.87E +04 8.02E +04 2.59E +04 1.96F +04 1.83E +06 1.16E +05
] TR LW 8.04E +04 6.30E +04 1.26E +04 5.11E +04 1.12E +06 5.76E +04
T TR TMm 8.76E +04 7.88E +04 1.70E +04 1.42E +04 1.11E +06 ~1.81E +04
T T 4.33E +04 5.99E +04 7.11E +03 8.61E +03 4.73E +05 2.09E +05
23 110.18 -1.04 34,58 3.26 21.49 44,27
(@-®) THR 138.66 -1.62 44.84 2.30 10.38 11.50
/D) x100  FRERFM 130. 52 -1.01 47.39 2.89 10.30 -20.14

XA 165. 85 -1.38 67.08 0.21 32.75 0.58
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Fig.4 Variation of internal force at the tower bottom(L + V)
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