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Influence of Dynamic Characteristic Parameters of Thick Mucky
Silty Clay on Surface Ground Motion Parameters

XIA Feng, GUO Bao-zhen, YU Da-xin
(First Crust Monitoring and Application Center of China Earthquake Administration, Tianjin 300180, China))

Abstract: A soft site in the coastal area of Tianjin is used for analysis as an example of the seismic
response of a site with horizontally-layered soil. The ground motion time history with different in-
tensities and phases was input, and the equivalent linearization method was used to consider the
nonlinear dynamic characteristics of the soil. This study also presents the effects of a relation be-
tween variability in the curves of dynamic parameters of a thick layer of mucky silty clay in the
Tianjin area (including the soil dynamic shear modulus ratio and damping ratio) on the peak value
of ground surface acceleration and its response spectra in deep soft sites. Numerical results ob-
tained from a number of case studies were used to make a comparison with a standard condition,
and the following was determined. Firstly, adding or reducing one standard deviation to the mean
of the damping ratio has little effect on ground motion parameters. Secondly, addition or reduc-
tion of one standard deviation to the mean value of the dynamic shear modulus ratio has a promi-

nent effect on the peak value of ground surface acceleration; when the ground motion time history
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input is 2% of the 50 years transcendental probability the corresponding peak value of ground

surface acceleration increases or decreases by 20% to 30%, and the surface response spectra is

changed into a thin-high or short-fat trend. Thirdly, the mean value of the dynamic shear modu-

lus ratio when one standard deviation is added, has a significant effect on the peak value of ground

surface acceleration for 10% of the 50 year exceedance probability, the corresponding peak value

of the ground surface ratio decreases by about 15% and the response spectra is changed into a

short fat trend. Finally, when one standard deviation is added or subtracted from the mean value

of the dynamic shear modulus ratio or damping ratio there is little effect on the value of ground

motion parameters.

Key words: soil dynamic parameters; variability; soil seismic response; peak acceleration;

response spectrum curves
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Table 1 Soil profile parameters of the model
+ErS %5 ZE/m WE o/ (mes 1) BHE/(tem ) + 5 2 R AR

1 1 1.2 122 1.93 i 4

2 1 1.2 126 1.93 BB

3 1 1.6 129 1.93 PUiBE Qul

4 1 1.7 115 1.93 UL e ot

5 2 1.3 111 1.79 TR R TR B A L

6 2 1.5 119 1.79 IR R B A L

7 2 1.5 123 1.79 I8 A BT A 4

8 2 2.0 126 1.79 TR T 5 6 )

9 2 2.0 133 1.79 VU T I B 1 Um

10 2 2.0 134 1.79 IR OB BT A L

11 2 3.0 142 1.79 TR TR B B L

12 3 2.5 191 2.02 i

13 4 2.6 199 2.00 B A+ Q;h

14 4 2.9 222 2.00 LRk e

15 4 4.0 235 2.00 BB Qjal

16 4 2.5 240 1.93 W+

17 5 3.0 221 1.93 it Qlal

18 5 3.3 237 1.93 it s

19 6 3.2 310 1.96 LRk e

20 6 3.0 343 1.96 R Qjme

21 6 2.5 377 1.96 ¥ A

22 7 3.5 368 2.01 LRk e

23 7 3.0 354 2.01 B E L .

24 8 2.0 393 2.01 #t Qal

25 7 1.8 389 2.01 T EE -

26 9 3.2 429 2.07 W

27 9 4.0 435 2.07 B Qjal

28 9 2.3 419 2.07 wmis

29 10 4.7 388 2.01 bRk

30 10 4.0 425 2.01 A L

31 10 3.5 412 2.01 AL+

32 11 2.5 475 2.10 B Qlme

33 11 4.0 482 2.10 W

34 11 4.0 492 2.10 i

35 12 B 531 2.00 Wb
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Table 2 Dynamic parameters of the site soil of the seismic response analysis model
fj]iﬁ B 3 AR X104
e BH BYNAE /( ) ;
TR 0.05 0.1 0.5 1 5 10 50 100
1 - G /G max 0.996 2 0.992 5 0.964 1 0.931 6 0.744 1 0.603 3 0.252 7 0.148 7
a A 0.039 3 0.047 8 0.075 8 0.092 8 0.145 0 0.169 3 0.211 7 0.221 2
e G/Gmx  0.9954  0.9909 09560 09158  0.6882  0.5273  0.1857  0.102 9
2 A b B -
A 0.041 9 0.052 0 0.084 9 0.104 0 0.157 0 0.178 9 0.212 1 0.218 5
5 Wt G /G max 0.991 7 0.983 6 0.925 5 0.865 8 0.601 4 0.449 1 0.156 0.086 7
i A 0.022 5 0.029 6 0.055 7 0.072 2 0.117 5 0.135 0.160 2 0.165
" G /G max 0.994 7 0.989 4 0.949 3 0.903 6 0.654 0 0.487 3 0.161 2 0.087 8
4 ¥R+ -
A 0.026 2 0.034 3 0.063 4 0.081 8 0.135 7 0.158 8 0.193 5 0.200 1
~ Bt G /G max 0.997 1 0.994 2 0.971 7 0.945 0 0.775 4 0.634 2 0.259 8 0.149 8
5
' A 0.038 4 0.047 0 0.074 9 0.091 0 0.137 8 0.159 1 0.195 8 0.203 9
G /G max 0.994 7 0.989 4 0.949 3 0.903 6 0.654 0 0.487 3 0.161 2 0.087 8
6 BBt . 5
A 0.026 2 0.034 3 0.063 4 0.081 8 0.135 7 0.158 8 0.193 5 0.200 1
G /G max 0.991 2 0.982 4 0.917 5 0.847 6 0.526 4 0.357 2 0.100 1 0.052 7
7 Rt -
A 0.019 6 0.027 4 0.058 0 0.078 3 0.136 2 0.158 1 0.186 4 0.191 1
g B+ G /G max 0.996 1 0.992 3 0.962 6 0.927 9 0.723 0 0.568 7 0.212 9 0.119 8
7 A 0.046 7 0.055 7 0.083 9 0.099 5 0.141 4 0.158 9 0.186 0 0.191 5
9 b G /G max 0.995 2 0.990 4 0.953 5 0.911 1 0.672 0 0.506 1 0.170 1 0.093 0
’ ~ A 0.020 7 0.027 2 0.050 8 0.065 8 0.110 6 0.130 2 0.160 1 0.165 9
" G /G max 0.997 0 0.993 9 0.969 9 0.941 5 0.762 8 0.616 5 0.243 3 0.138 6
10 BB At R -
A 0.035 0 0.043 5 0.071 6 0.088 2 0.136 8 0.159 1 0.197 0 0.205 2
1 i G /G max 0.995 2 0.990 5 0.955 1 0.915 7 0.706 6 0.561 8 0.222 8 0.128 0
~ A 0.064 4 0.071 6 0.092 8 0.104 0 0.131 7 0.142 3 0.158 0 0.161 2
12 i G /G max 0.993 0 0.986 2 0.935 1 0.878 2 0.590 6 0.419 0 0.126 0 0.067 2
~ A 0.017 5 0.023 9 0.048 9 0.065 3 0.114 0 0.133 8 0.161 3 0.166 2
4
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Fig.2 Artificial ground motion time-history of the site rock with different exceedance probabilities
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Table 3 Mean values and standard deviation of G/G..-7 and A-7 curves for mucky silty clay in Tianjin area

B AS v/ (X101

BH BXE 0.05 0.1 0.5 1 5 10 50 100
G/Gus S 0.995 1 0.989 4  0.9497  0.9049  0.6644 05038  0.1756  0.097 2
) bR 25 0.002 5 0.004 5 0.020 3 0.036 4 0.090 8 0.099 4 0.055 0 0.033 0
N M 0.0345  0.0429  0.0705  0.0867  0.1331  0.1540  0.1943  0.208 6
b 22 0.005 2 0.006 2 0.009 4 0.011 2 0.013 3 0.011 3 0.016 0 0.032 9
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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

ZHMHB G/Gux G/Guaxt(G/Guu)s G/Guux— (G/Guu)s

A WRHETHR T3 T 6
Ata, Tl T 4 T 7
A=A, L2 T4 5 T8 8
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Table 5 Peak ground acceleration under different working conditions and the increase compared with that
under standard condition
AT S TA ARMETA T TH 2 TH 3 TH 4 TH 5 TH 6 T 7 T8
WM 290.0 270.4 271.6 262.9 357.1 353.9 362.2 193.5 188.6 210.5
B4 - - 0.04% —2.77%  32.06%  30.88%  33.95% —28.44% —30.25% —22.15%
K% ) Wl 278.0 268.4 265.2 270.4 321.7 317.5 328.8 202.9 196.0 217.4
=M 1 - - —0.12%  0.75% 19.86%  18.29%  22.50% —24.40% —26.97% —19.00%
W 267.3 262.5 258.6 264.6 296.8 292.2 301.7 185.3 180.2 194.2
14 R - - —1.49%  0.80% 13.07%  11.31%  14.93% —29.41% —31.35% —26.02%
. WM 178.3 183.3 179.9 187.7 184.8 181.8 187.9 155.4 154.5 157.3
1 - - —0.19%  2.40% 0.82%  —0.82% 2.51% —15.22% —15.71% —14.18%
FE(0%) Wl 185.4 189.6 185.3 194.3 197.7 194.2 201.3 147.9 146.9 147.4
=L e - - —0.23%  2.48% 4.27% 2.43% 6.17%  —21.99% —22.52% —22.26%
5 WE(E 169.9 174.3 171.2 178.9 182.8 179.3 186.4 148.8 145.8 150.3
TR - - —0.18%  2.64% 4.88% 2.87% 6.94%  —14.63% —16.35% —13.77%
I8 {1 69.9 72.1 70.6 73.7 72.4 70.8 74.0 70.4 68.8 72.0
B0 - - —2.08%  2.22% 0.42%  —1.80%  2.64%  —2.36% —4.58% —0.14%
/NRE(63%) ) I 70.4 72.9 71.3 74.6 72.9 71.3 74.7 70.0 68.3 71.8
=AM 1 - - —2.19%  2.33% 0 —2.19%  2.47%  —3.98% —6.31% —1.51%
) I {1 70.1 72.0 70.7 73.4 72.7 71.3 74.2 69.5 68.1 71.1
B0 - - —1.81%  1.94% 0.97%  —0.97%  3.06%  —3.47% —5.42% —1.25%
T
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Fig.3 The horizontal acceleration response spectrum curves with different exceedance probabilities and different
phases under different conditions
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