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Simulation method of random ground motion for
large-span bridge in service
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Abstract; Considering the influence of bridge structure service period on earthquake loading,
equal exceeding probability method was applied to reduce earthquake role, and two fortification
criterions of current anti-seismic code for highway bridge were supplemented to three levels. The
probability theory was used to randomize target response spectrum by considering the randomness
of ground motion. Combined with coherence function and phase difference spectrum theory, the
non-stationary random ground motions of spatial correlation multi-points for existing bridge
structure were generated by using MATLAB programming. Simulation result indicates that
ground motion peak acceleration can be reduced rationally by using equal exceeding probability
method. Probability theory can be used to get random response spectrum, which can well
simulate the randomness of ground motion, and the variation coefficient maximum difference
value of thirty random response spectrums is 0.064, it meets accuracy requirement. The
calculating response spectrums fit well to random target response spectrums, the goodnesses of
fit for points No. 1 and No. 2 are 0. 82 and 0. 81 respectively, they meet accuracy requirement.

The artificial ground motions can reflect the service period of existing bridge structure and the
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randomness of ground motion, and are similar to actual earthquake records. 7 tabs, 12 figs, 23 refs.
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Tab. 1 Three seismic action levels of highway bridge
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Tab.3 Seismic exceeding probabilities of follow-up service

Z iR R TR
IEE
A T | A AR | BN | AR R | EEEL | AR
T/% | P/% | T/% | P/% T/% P/%
10 | 18.4 | 99.5 47.5| 87.9 247.4| 33.3
20 | 20.4 | 99.2 95.0| 65.3 494.8| 18.3
30 | 23.0 | 98.7 |142.5| 50.6 742.2| 12.6
40 | 25.6 | 98.0 |190.0| 41.1 989.6| 9.6
50 | 28.8 | 96.9 |237.5| 34.5 |1237.0| 7.8
60 | 32.0 | 95.6 |285.0| 29.7 |1484.4| 6.5
70 | 36.0 | 93.8 |332.5| 26.1 |1731.8] 5.6
80 | 40.0 | 91.8 |380.0| 23.2 |1979.2] 4.9
90 | 45.0 | 89.2 |427.5| 20.9 |2226.6| 4.4
100 | 50.0 | 86.2 |475.0| 19.0 |2474.0] 3.9
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Tab. 4 Seismic peak accelerations of follow-up service
o Hb R WA I B/ (moe ™ %)
E;;FEF& % B H7Z (86. 2%) FRE19.0%) il HE (3. 9%)
o I X k=6 NIXE=10 | X £=20 I X k=6 MIXE=10 | X k=20 I X k=6 NIXc=10 | X k=20
10 0.018 8 0.290 6 0.768 9 0.3227 0.740 9 1.249 7 3.0616 3.742 7 4.3019
20 0.042 3 0.397 9 0.872 7 0.532 2 0.952 7 1.3951 3.949 8 4.317 7 4.604 5
30 0.065 2 0.473 4 0.937 9 0.695 1 1.094 9 1.485 3 4.524 9 4.673 2 4.786 1
40 0.087 1 0.533 4 0.986 2 0.831 2 1.204 5 1.551 6 4.956 1 4.933 6 4.916 8
50 0.108 0 0.583 7 1.024 9 0.949 1 1.294 6 1. 604 4 5.303 1 5.140 1 5.019 4
60 0.128 0 0.627 3 1. 057 4 1.054 1 1.3715 1.648 4 5.594 2 5.3116 5.103 9
70 0.147 3 0.666 1 1.085 3 1.149 1 1.438 9 1.686 2 5.845 4 5.458 6 5.175 9
80 0.165 7 0.701 1 1.109 9 1.236 1 1.499 1 1.719 4 6.066 7 5.587 3 5.238 6
90 0.183 5 0.7331 1.131 9 1.316 5 1.553 6 1.749 1 6.264 6 5.701 8 5.294 2
100 0.200 8 0.762 6 1.151 9 1.391 4 1. 603 4 1.775 9 6.443 7 5.805 1 5.344 2
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Tab.5 Eigen values and natural vibration periods from modal analysis

[ F A w,/Hz T./s
1 33.1 5.75 1.09
2 281.9 16. 80 0.37
3 848.7 29. 10 0.22
4 1614.5 40. 20 0.16
5 2 665. 1 51. 60 0.12
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Fig. 3 Target response spectrum of point No. 2
HASLHBE LR Lo & B — A BEALE L 20 50 55 T
BERE B R 3 A1 B F Cyn ) o BSR4 — 4> B
BB Ly X I B KL o+ 3 B — A i (EL B AT
Az 8 — AR B AIL B 3% . 1.2 5 R BE AL B bR 5203
DLE 4.5,

4~

Hn % BE/(m - s7)

J& /s

Bl 4 15 Gl E AR R
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Tab. 6 Mean values and variable coefficients of random

response spectrums for point No. 1

7R3 A5 REK
FUS | st/ | st/ |, N

(me-s?) | (mes2y | AVEM HitH

0.0 2.000 0 1.902 4 0.081 0.080
0.1 3.610 4 3.509 6 0.092 0.091
0.4 3.610 4 3.624 1 0.125 0.138
1.0 1.579 8 1.644 6 0.158 0. 147
2.0 0.920 1 0.887 5 0.191 0.187
3.0 0.561 3 0.5250 0.224 0.218
4.0 0.411 5 0.3937 0.231 0. 247
6.0 0.257 6 0.262 5 0.273 0. 281
8.0 0.204 9 0.196 9 0.412 0. 348
10. 0 0.179 0 0.182 0 0.436 0. 406
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Fig. 7 Time history of seismic acceleration for point No. 1
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Fig. 10 Response spectrum fitting of point No. 2
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Tab.7 Goodnesses of fit between calculating response spectrum and random target response spectrum

JE /s 0.0 0.1 0.4 1.0

2.0 3.0 4.0 6.0 8.0 10.0
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0.92 0.67 0. 46 0.32 0. 25 0.14
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Fig. 11 Phase difference spectrum
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Fig. 12 Mean value of phase difference spectrum
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