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Effect of Variability in Soil Dynamic Parameters on the Ground Motion
Parameters of a Site Surface in the Tianjin Area
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Abstract: In recent years, seismic safety evaluation has been conducted at many engineering sites
in the Tianjin area where dynamic nonlinear soil parameters can be obtained. In this study, we
collected 83 seismic safety evaluation reports in this area and obtained 1 650 groups of dynamic
triaxial data on soil from 202 boreholes. We then determined the representative values and their
standard deviations of different types of soil at different intervals and different depths. A typical
site III is taken as an example. By using the equivalent linearization method to calculate the seis-
mic response of the site under different ground motion intensities and phases, we studied in detail

the influence of variability in the dynamic shear modulus ratio and damping ratio of the overlying
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soil on the peak ground acceleration and response spectrum of the site. The results show that the
peak ground acceleration and ground response spectrum of the site increase or decrease with an in-
crease or decrease, respectively, in the soil dynamic shear modulus ratio. However, the accelera-
tion and spectrum increase or decrease with a decrease or increase, respectively, in the soil dy-
namic damping ratio. Under the input of a great earthquake, the soil dynamic shear modulus ratio
decreases, and the peak ground acceleration and medium and high frequency portions of ground
response spectrum decrease clearly. The change in the dynamic damping ratio also has a certain
impact on peak ground acceleration and the ground response spectrum, but this is not as obvious
as the change in the soil dynamic shear modulus ratio. Under the input of moderate and small
earthquakes, variability in the soil dynamic shear modulus ratio and damping ratio have little im-
pact on the peak ground motion acceleration and ground response spectrum.

Key words: variability of soil dynamic parameters; different conditions; peak ground accelera-

tion; response spectrum; soil response
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Table 1 Different types of soil samples in all interval groups

Ko X 7] 2 /m
0~10 10~20 20~30 30~40 40~50 50~60 60~70 70~90 90 I
R 1 88 123 78 79 58 79 78 111 103
it 21 8 11 16 4 26 14 22 19
Bt 58 36 46 27 31 19 25 46 33
i+ 6 29 48 37 33 39 91 67
A 18 23
K2 REWXBEFLING/Grn-y FlA-y FHXEZHERRERERAE
Table 2 The mean values of G/G n.-7 ,A-7 and their standard deviation of silty clay in Tianjin area
W /m Rk BH PR y/0 D .
0.05 0.1 0.5 1 5 10 50 100
SR GG 0.994 0.988 8 0.947 0.900 0.657 0.498 0.176 7 0.098
0—10 PR 25 0.003 0.006 0 0.026 0.045 0.104 0.114 0.072 4 0.046
S48 0.033 0.041 3 0.068 0.085 0.130 0.150 0.187 2 0.199
bR A 0.005 0.006 6 0.009 0.011 0.014 0.013 0.014 9 0.027
A GG 0.994 0.989 5 0.950 0.906 0.671 0.515 0.189 1 0.107
L0~ 20 bR 25 0.002 0.005 3 0.024 0.042 0.106 0.121 0.089 2 0.064
- {H 0.030 0.038 0 0.065 0.081 0.128 0.148 0.185 1 0.196
b ifE 22 A 0.006 0.007 3 0.009 0.011 0.014 0.013 0.015 8 0.027
T E G/Gu 0.995 0.991 1 0.957 0.919 0.706 0.556 0.223 6 0.133
2030 bR 2 0.002 0.004 6 0.020 0.037 0.103 0.130 0.131 8 0.105
SR 0.026 0.034 0 0.058 0.074 0.120 0.141 0.182 7 0.195
bR 2 A 0.007 0.008 2 0.011 0.013 0.017 0.018 0.021 9 0.030
¥ E G/Gu 0.995 0.991 4 0.958 0.921 0.710 0.558 0.212 3 0.120
30140 m PR 25 0.002 0.003 9 0.018 0.032 0.088 0.104 0.072 5 0.047
S5 E 0.026 0.033 6 0.058 0.073 0.119 0.141 0.183 8 0.197
bR 2 A 0.008 0.009 2 0.011 0.011 0.012 0.011 0.020 9 0.034
A4 {H G/Gu 0.995 0.991 8 0.960 0.924 0.719 0.571 0.229 1 0.135
1050 bR 0.002 0.004 0 0.018 0.033 0.094 0.118 0.114 1 0.092
SR 0.028 0.035 7 0.060 0.075 0.119 0.140 0.179 1 0.193
PR 2 A 0.008 0.009 0 0.009 0.009 0.011 0.012 0.019 9 0.032
R OLIEN G/Gu 0.996 0.992 1 0.962 0.927 0.724 0.575 0.226 6 0.131
060 bR 0.001 0.003 3 0.015 0.027 0.081 0.102 0.095 8 0.075
A4 0.026 0.033 5 0.057 0.071 0.117 0.139 0.185 8 0.203
PR 25 A 0.008 0.009 0 0.011 0.012 0.015 0.018 0.0317 0.044
A1 G/Gu 0.995 0.991 6 0.959 0.923 0.717 0.567 0.222 4 0.127
60~70 PR ifE 2 0.002 0.004 2 0.019 0.035 0.096 0.116 0.086 9 0.059
S 0.025 0.032 1 0.056 0.070 0.115 0.137 0.180 6 0.195
PR 25 A 0.006 0.006 6 0.007 0.008 0.010 0.009 0.019 3 0.034
A1 G/Gu 0.996 0.992 6 0.964 0.932 0.742 0.597 0.244 4 0.147
7090 bR 0.002 0.004 2 0.019 0.034 0.091 0.109 0.099 6 0.085
FHE 0.026 0.033 3 0.057 0.071 0.116 0.138 0.183 1 0.200
T 22 A 0.006 0.007 4 0.009 0.010 0.015 0.017 0.028 6 0.042
- {H G/Gu 0.996 0.992 8 0.965 0.934 0.747 0.604 0.255 3 0.154
b ifE 22 0.001 0.003 2 0.014 0.027 0.085 0.113 0.129 5 0.112
=90
T E 0.026 0.033 5 0.056 0.077 0.114 0.136 0.182 4 0.200
bR 2 A 0.006 0.007 0 0.009 0.066 0.014 0.015 0.025 1 0.040
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Table 3 The borehole profile parameters in different soil layers of the representative site model

+ERFS + %5 JZIRRE /m /(g em™ ) YW vs/(m s ) Ryl A R A AR
1 1 1.5 1.85 126 3
2 1 3.0 1.85 131 JRiE+
3 1 4.5 1.85 133 Zedt 1 Qi
4 1 5.3 1.85 134 I+
5 2 7.0 1.94 140 ¥t Q’al
6 3 8.5 1.83 144 U808 A 5T A 1
7 4 10.5 1.94 152 B .
3 4 12.5 1.94 160 B R+ Qm
9 4 14.5 1.94 168 bRk e
10 5 15.5 1.89 172 W+ Q; m
11 6 17.0 2.00 174 WA+
12 6 19.0 2.00 181 MR RS+
13 6 21.0 2.00 195 LRk e
14 7 24.0 1.96 210 W EE L
15 7 28.0 1.96 238 W+ Qjal
16 8 31.5 1.95 265 i
17 9 35.7 1.98 296 LRk
18 10 38.0 2.03 320 g
19 10 40.3 2.03 343 i
20 11 43.0 2.09 340 IR 1 .
21 11 44.7 2.09 364 B R+ Qal
22 12 48.0 1.98 364 i
23 13 52.0 1.94 388 MRS+
24 12 54.0 1.98 445 i
25 14 58.0 2.02 433 A L
26 14 62.0 2.02 428 RS+
27 14 66.0 2.02 431 B EE -
28 14 69.7 2.02 442 LRk e
29 15 72.5 1.98 445 ¥t
30 16 75.0 2.01 426 B E: Qal
31 15 78.0 1.98 422 it
32 17 80.3 2.05 436 LRk
33 15 81.4 1.98 465 g
34 17 84.0 2.05 443 AL+
35 18 87.0 2.08 441 i
36 18 90.0 2.08 445 it
37 18 93.0 2.08 445 ¥t Qjal
38 19 96.0 2.05 488 RS+
39 20 100.0 1.96 516 i
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Fig.1 Response spectrum curves of the representative

site rock in different exceeding probabilities
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Fig.2 The artificial acceleration time-histories of the representative site rock in different

exceeding probabilities
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Table 4 Different combination of the variability of relation
curve of shear strain with soil dynamic shear

modulus ratio and damping ratio

ELitiNes

G/Gme G/Gunt (G/G ) G/Gox— (G /G
A PR T 00 T 3 T8 6
A+, TH 1 T4 4 TH 7
A=A, T 2 T 5 T8 8

x5 BB TIAMREEMEERBEAETILTHAEBBESRR

Table 5 The peak ground acceleration under each condition and the increase compared with

that under standard condition

A T PR T T8 1 TH 2 T3 T 4 T 5 T 6 T 7 T8
W fE /gal 253.6 240.7 272.3 259.6 249.6 273.3 168.5 160.9 180.8
K ! WiE/ % — —5.1 7.4 2.4 —1.6 7.8 —33.6 —36.6 —28.7
@2%) ) W fE /gal 262.4 239.0 267.8 258.9 246.0 278.4 187.1 175.9 198.7
= WiE/ % — —8.9 2.1 —1.3 —6.2 6.1 —28.7 —33.0 —24.3
fir ; W fE /gal 259.3 238.1 270.7 260.6 245.6 275.6 156.9 144.2 171.2
Mg/ % — —8.2 4.4 0.5 —5.3 6.3 —39.5 —44.4 —34.0
W fE /gal 166.5 156.8 175.0 168.6 159.2 177.6 159.7 149.9 169.3
T —5.8 5.1 1.3 — 1.4 6.7 —1.1 —10.0 1.7
(10%) ) W fF /gal 165.4 157.1 175.7 160.5 152.3 169.0 171.2 161.0 181.2
= Wi/ % — —5.0 6.2 —3.0 —7.9 2.2 3.5 —2.7 9.6
fir , I H /gal 165.7 155.4 175.1 168.9 159.8 180.7 145.8 141.2 153.5
g/ % — —6.2 5.7 1.9 —3.6 9.1 —12.0 —14.8 —7.4%
. W fE /gal  58.0 54.9 61.3 59.3 56.1 62.7 56.8 53.8 60.1
INE W/ % — —5.3 5.7 2.2 —3.3 8.1 —2.1 —7.2 3.6
(63%) 4 I ME /gal 58.7 55.1 62.4 59.0 55.5 62.8 56.8 53.6 60.3
— 4 g/ % — —6.1 6.3 0.5 —5.5 7.0 —3.2 —8.7 2.7
i ; W MY /gal  61.5 57.1 65.6 61.1 57.6 65.0 61.5 57.6 65.9
oW/ % — —7.2 6.7 —0.7 —6.3 5.7 0.0 —6.3 7.2
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Fig.3 The response spectrum curves under different exceeding probabilities, different phases,and different conditions
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