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Site amplification factor model for Sichuan region considering nonlinear soil effects
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Abstract: To investigate the effect of site amplification on ground motion in Sichuan region, strong motion data and calculated
equivalent-linear results are analyzed using 897 strong motion records and 105 shear-wave velocity profiles from the region.
Based on the analysis results, the influence of the ground motion intensity and site conditions on site amplification is studied,
and site amplification factor model considering nonlinear soil effects is established. Then the application effect of the model to
evaluate ground motion is discussed. The results show that the decreasing extent of site amplification factor with the increasing
Vs30 1s period-dependent at low shaking levels. The decrease is mostly significant at period of 0.2 s. Under high shaking levels
the decreasing extent of site amplification factor with the increasing ground motion intensity is spectral period-dependent but

the site amplification factor is independent of the ground motion intensity at a periods larger than 1 s. In addition, the soil
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nonlinearity has less influence on ground motion with the increasing Vs;p. When value of Vs;is larger than 500 m/s, the
Key words: ground motion; site amplification; soil nonlinearity; attenuation relationship; Sichuan region
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influence can be neglected. In conclusion, compared with attenuation relationship considering only linear soil effects, the

standard deviation of ground motion estimates in Sichuan region using the proposed model can be reduced significantly.
Especially for the near field and the short period ground motion, the reduction can reach 12%.
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Fig. 1 Distribution of strong motion stations and boreholes used in this study
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Table 1 Earthquakes selected in this study

L E = s .

wEet @ mm i T

%) deg) o
20080512 103.400 31.000 14 8.0
20080525 105.480 32.549 14 6.0
20080512 103.669 31.260 14 6.1
20080512 103.819 31.270 14 6.3
20080513 104.059 31.430 21 5.5
20080513 103.419 30.950 14 5.6
20080512 104.279 31.530 11 5.3
20080512 104.489 31.450 13 5.5
20080513 104.550 31.729 20 5.2
20080516 103.449 31.309 14 5.4
20080518 105.080 32.200 13 5.6
20080512 103.580 31.270 10 5.8
20080514 103.629 31.340 16 5.4
20080527 105.699 32.779 15 5.2
20080724 105.610 32.759 10 5.4
20080801 104.849 32.020 14 5.6
20080805 105.610 32.720 13 6.0
20080513 103.629 31.280 10 4.9
20080724 105.629 32.720 10 5.2
20080512 103.650 31.020 9 5.0
20080512 104.129 31.479 14 5.3
20080512 105.639 32.720 10 4.7
20080513 103.580 31.340 13 5.0
20080512 103.589 31.260 13 5.8
20080512 103.769 31.290 13 5.7
20080514 104.120 31.409 10 5.1
20080512 103.730 31.389 10 4.8
20080512 103.589 31.100 10 4.5
20080512 103.540 30.899 11 4.7
20080512 103.599 31.139 10 5.3
20080512 103.690 31.159 10 5.1

20080512
20080513
20080512
20080513
20080513
20080513
20080512
20080512
20080512
20080512
20080513
20080512
20080513
20080513
20080512
20080513
20080514
20080512
20080513
20080515
20080512
20080516
20080513
20080513
20080512
20080515
20080512
20080513
20080527
20080512
20080512
20080512
20130420
20130420
20130420
20130420
20130420
20130420
20130420
20130420
20130421
20130421
20130421
20130722
20140803

103.480
103.680
104.650
104.050
103.650
103.620
103.339
103.559
103.420
103.790
103.879
103.449
105.239
105.099
104.120
104.580
104.239
104.569
104.110
103.980
103.629
104.160
105.169
103.809
105.089
104.339
104.239
105.059
105.650
104.379
103.400
105.190
102.888
102.879
102.971
102.991
102.862
102.998
103.111
102.950
103.071
103.015
102.998
104.243
103.409

30.969
31.209
32.099
31.360
31.100
31.260
31.069
31.159
31.050
31.200
31.250
31.149
32.349
32.240
31.399
31.049
31.950
31.870
31.579
31.430
31.389
31.389
32.330
31.270
32.220
31.639
31.319
32.150
32.759
31.829
31.030
32.240
30.308
30.181
30.212
30.255
30.209
30.282
30.272
30.187
30.328
30.225
30.317
34.499
27.189

24
10
17
20
17
14
10
14
17
20
17
18
23
12
15
15

15
16
20
11
22
14

10
15
15
15

25
21
14
10
19
15
16
15
17
15
27
17
17
20
12

5.0
4.9
5.1
4.8
4.6
5.0
4.7
5.2
4.9
5.8
4.1
4.4
4.9
4.5
5.1
4.2
4.7
4.7
4.1
4.0
4.2
4.6
4.4
4.0
4.6
4.6
4.2
4.0
4.9
4.7
43
4.7
7.0
5.4
4.6
4.7
4.9
4.7
4.8
5.4
4.9
5.1
53
6.6
6.5
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Fig. 2 Variation of shear wave velocity with depth
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Table 2 Regression results of model parameters
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Viao/(m:s ™) 0.01 -4.337 -0.00925 0.1083 -0.542 1503 0.59
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0.05 -2.202 -0.00585 0.1083 -0.523 1824 0.64
3 0.10 -4.945 -0.00821 0.1083 -0.662 1971 0.66
2l 0.15 -2.819 -0.00711 0.1083 -0.797 1193 0.71
L? N 0.20 -7.196 -0.01063 0.1083 -0.906 857 0.73
1r 0.40 -0.051 0.00121 0.1083 -0.881 745 0.75
0f° 0.50 -0.081 -0.00017 0.1083 -0.793 721 0.74
1.00 -0.307 -0.0054 0.1083 -0.644 658 0.83
-1 o 0 T 200 0013 000034 0.1083 -0.554 623 081
Veol(ms™) 3.00 0.003 0.00265 0.1083 -0.555 611 0.81
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Table 3 Model formulations of two ground motion equations
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Fig. 11 Comparison of residuals obtained by two models
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Table 4 Standard deviations obtained by two models

JE2E: — DX 15 P F0 26 5 S 24 /km
25
T/s 15 25 35 50 75 100 125 175

A3 0.61 046 0.49 0.58 0.55 0.56 0.51 0.42

PGA
SCHR[1] 0.68 0.54 0.53 0.58 0.55 0.56 0.51 0.42
0.5 A3 0.61 0.51 0.56 0.54 0.53 0.57 0.50 0.41
SCHR[1] 0.66 0.56 0.58 0.54 0.52 0.56 0.50 0.41
10 A 0.8 0.52 0.50 0.64 0.59 0.60 0.53 0.50
XHR[1] 0.8 0.52 0.50 0.64 0.59 0.60 0.53 0.50
20 A3 0.92 0.50 0.40 0.64 0.60 0.58 0.60 0.45
SCHR[1] 0.92 0.50 0.40 0.64 0.60 0.58 0.60 0.45
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