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Approximate quantitative relationship between earthquake
ground motion and structural responses

Liu Xiabo Yu Ruifang®

(Institute o f Geophysics+ China Earthquake Administration . Beijing 100081, China)

Abstract: On the basis of the statistical analysis of the actual seismic accelera-
tion records, this paper gives the parameters describing the non-stationary of
earthquake ground motion and their value ranges. And the design of experi-
ments (DOE) method is introduced to establish suitable algorithm to analyze the
influence of the change in the non-stationary characteristic parameter of ground
motion on the structure responses. Furthermore, an approximate quantitative
relationship between the non-stationary characteristic parameters of the earth-
quake ground motion and the structural responses is established by combining
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with approximate technology. The results show that; @ The DOE method
presented in this paper is suitable for the analyses of non-stationary characteris-
tic parameters of ground motion intensity, and satisfied results can be obtained
based on the less amount of calculation. (@) Variance analysis of characteristic
parameters based on DOE method shows that the steady-state duration of
ground motion has significant influence on the seismic response of the structure;
for structures with shorter period, the interaction between characteristic parame-
ters has a significant impact on seismic response of structures, but when the
period is greater than 1 s, its influence gradually decreases. @) The approximate
quantitative relationship established in this paper can better reflect the relation-
ship between different characteristic parameters and different structural dynamic
response, providing the theory basis for engineering practice to setting up
reasonable seismic characteristic parameters based on the structural characteris-

tics and synthetize or select earthquake acceleration time history.

Key words: ground motion; non-stationary characteristic; design of experiment;

response surface; parameter optimization
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Table 1 Data grouping according to site condition. epicentral distance and magnitude

M 0<<R<C20 20<<R<C40 40<<R<C60 60<<R<C80 80<CR<C100 R=100
w

I n m 1 o m T 1o m T I m I o [ I I
<5.5 8 376 82 47 219 33 33 160 45 18 113 12 31 74 27 12 48 21

[5.5.6.0) 53 255 36 45 219 36 36 233 45 36 140 39 30 75 30 60 189 147
[6.0, 6.5 30 74 9 91 216 34 123 569 128 165 521 171 69 392 114 180 732 384
[6.5,7.0) 49 98 37 72 162 68 45 157 63 39 93 32 53 & 18 36 181 25
=7.0 30 18 36 95 18 48 87 51 63 235 27 42 168 30 132 782 225

e L DA A& R AR, A8 kms My AR,

2 HuRE SR AR R S R B T

Table 2 The values range of intensity parameters of earthquake ground motion

ETFBER 6 /s PR BRI /s BN 45 /s IR RR

1—25 2—20 30—90 0.08—0. 56
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Table 3 Parameter grouping
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534 12.5—18.7 10—15 60—75 0.134—0. 185
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Fig. 1 Effect of characteristic parameters (¢, , t,» #3, ¢) on the structural responses when

the damping ratio is 0. 05 and the period T is 0.05, 0.2 and 1 s
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Table 6 Model parameters of linear part and quadratic item

L R
JEM /s
A h Ls L3 Le gl qs qs qc
0.05 3.786 —0.121 0.096 —0.032 —11. 866 0.003 0.010 0.001 13. 812
0.2 5.309 —0.170 0.471 —0.096 14.080 —0.005 0.012 0.002 17.617
1 4. 870 —0.155 0.233 —0.082 —13. 560 0.006 0.010 0.001 14. 212
T BERISEH GRS S HUE
Table 7 Model parameters of interaction item
A /s Als A1z Ale A3s Ase Ase
0.05 —0.0027 0.0004 0.3077 —0.0047 0.1195 —0.0178
0.2 0.0068 0.0024 0.3914 —0.0126 —0.1603 —0.0047
1 —0.0121 0.0007 0.4072 —0.0038 —0.2321 0.0469
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