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Effect of Soil Dynamic Parameters on Seismic
Response of Soil Layers in Kunming Basin
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Abstract; Dynamic soil parameters are important for analyzing the seismic response of the soil
layer,and have strong regional characteristics. The Kunming basin is a faulted basin that devel-
oped after the Late Cenozoic Era. The Pliocene to Quaternary sedimentary thickness reaches up to
one thousand meters. The stratum formation is mainly composed of deposition, grade alluvial,
and alluvial faces with the shape distribution of a thin layer or lens. The typical soil layer in Kun-
ming basin consists of silt and clay soils. For a deeper understanding of the dynamic soil charac-
teristics in Kunming basin and to conduct a seismic safety evaluation of construction sites, it is
important to investigate the statistical values of the dynamic parameters such as the shear modu-
lus ratio and the damping ratio of silt and clay soils at different depths in the Kunming region. In
addition, studies are needed to compare the effects of the dynamic parameters’ statistical values,
norm values, and the recommended values on the soil seismic response by developing soil layer
models and analyzing soil seismic responses. In this paper, we analyze the triaxial test dynamic
parameters of silt and clay from 94 and 167 sample groups, respectively, collected from 101 sites
in the Kunming basin region. Based on our soil seismic response calculations, we compare our re-
sults with the values recommended from Yuan Xiaoming and with those found in the code for the
seismic safety evaluation of engineering sites (DB001-94). The results show that our statistical

values of the dynamic parameters differ greatly from the other two sets of recommended values.
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The effects of different dynamic parameters on the soil seismic response are obvious and those

with a lower probability of exceedance include the influences on peak acceleration, response spec-

tra, and characteristic period. The site response analysis results of the statistical and test values

are similar. The statistical values can be used for reference in work levels [I and [l for the seis-

mic risk assessment of engineering projects in Kunming basin.
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Table 1 Statistics of soil samples at different depth ranges
REE/m 0~15 15~30 30~45 45~60 60~75 75~100
Wt HEAR%E /A 14 18 16 13 14
Bt 94
I /m 0~5 5~10 10~15 15~20 20~30 30~40 40~60 60~80 >80
Mt HEAR%E/A 14 22 15 20 20 18 22 28 8
Bt 167

x2 FAEERREANSEITFEHE

Table 2 Mean values of dynamic shear modulus ratio and damping ratio of soil samples at different depth ranges

BYRIAE v/ (X107

+2% W /m S —
0.05 0.1 0.5 1 5 10 50 100
015 G/Gumax 09974 0.9946  0.976 1 0.9525  0.8050  0.6917  0.3314  0.2010
A 0.007 1 0.009 7  0.0204  0.0290  0.0660  0.0905  0.1489  0.166 3
1530 G/Gumax 09972 0.9944  0.9728  0.947 4 0.799 0.680 4  0.3095  0.1811
A 0.008 3  0.0112  0.0234  0.0328  0.0730  0.1004  0.1693  0.190 1
2015 G/Gumax  0.9979  0.9959  0.9797  0.9604  0.8265  0.6975  0.3388  0.206 9
) A 0.0093  0.0122  0.025 1 0.0350  0.076 4  0.1039  0.1721  0.181 2
Bt _ G/Gumex 09979  0.9958  0.9796  0.9602  0.8326  0.6901  0.3426  0.206 2
om0 A 0.0071  0.0101  0.0229  0.0328  0.0733  0.0995  0.166 0  0.187 6
6075 G/Gmax 09924 0.985 1 0.9353  0.9004  0.675 1 0.5749  0.2946  0.1139
A 0.0232  0.0301  0.0552  0.0709  0.1212  0.1503  0.1897  0.204 4
75100 G/Gumex  0.9968  0.9944 09732  0.9488  0.8259  0.7078  0.3648  0.227 9
A 0.0100  0.0133  0.0269  0.0370  0.076 1  0.1000  0.1579  0.163 6
s G/Gmex 09978  0.9956  0.9783  0.9576  0.8214  0.7004  0.3294  0.199 9
A 0.0058  0.0080  0.0181  0.0262  0.0625 0.0881  0.1564  0.1785
510 G/Gumax  0.9973  0.9945  0.9733  0.9484  0.7919  0.6616  0.2946  0.1755
A 0.0139  0.0182  0.0349  0.0469  0.0928  0.1204  0.1819  0.199 0
G/Gmax 09975 0.995 1 0.976 0 0.9533  0.8082  0.6836  0.3159  0.190 7
1o=1s A 0.0136  0.0176  0.0339  0.0459  0.0932  0.1223  0.186 8  0.204 7
1520 G/Gumax 09977  0.9955 09778  0.9567  0.8191  0.6984  0.3321  0.203 3
A 0.0173  0.0219  0.0386  0.0500 00915 01162  0.1728  0.189 1
G/Gmax 09980  0.9960  0.9803  0.9650  0.8364  0.7230  0.3575  0.2215
#Ht 20~30

A 0.016 2  0.0209  0.0393  0.0522  0.1006  0.1302  0.2008  0.222 6
2010 G/Gumax 09979  0.9957  0.9789  0.9589  0.8275  0.7108  0.3461  0.214 0
A 0.010 4  0.0142  0.0295  0.0408  0.0866  0.1165  0.1902  0.2127
10—60 G/Gmex 09976  0.9951 09760  0.9534  0.8085  0.6839  0.3163  0.191 2
A 0.0124  0.0163  0.0318  0.043 1 0.0875  0.1156  0.1849  0.206 1
6080 G/Gumax 09974 0.9949 09750  0.9515 0.8017  0.6741  0.3049  0.1825
A 0.0118  0.0154  0.0303  0.0417 00890  0.1196  0.1908  0.211 1
_— G/Gmex 09979  0.9959  0.9799  0.9607  0.8470  0.7216  0.3595  0.2237
A 0.018 3  0.0233  0.0419  0.0544  0.0989  0.1245  0.1833  0.201 2
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Yuan Xiaoming,code,and values in this paper
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Table 3 Computational models

TR 1

[ELEE

Fe AR EE/m JEE/(mesT) HE/(geem?) F5 LSRR JEE/m PWH/(mes™!) /(g em™®)
1 A 2.8 157 1.60 1 At 2.9 153 1.60
2 #+ 3.4 163 1.84 2 i+ 2.1 158 1.78
3 WP BR A 5.7 204 2.01 3 [Ye 2.7 207 2.01
4 B+ 4.2 185 1.89 4 it 4.8 182 1.89
5 o+ 6.4 188 1.89 5 it 4.3 188 1.85
6 Bt 3.5 194 1.89 6 Bt 4.1 204 1.89
7 it 2.6 206 1.85 7 Zhi+ 4.3 193 1.86
8 B+ 4.6 236 1.88 8 #H+ 7.3 215 1.86
9 #+ 4.6 239 1.86 9 Bt 5.7 278 1.88
10 4t 5.7 290 1.88 10 Bt 7.1 310 1.90
11 B+ 6.1 324 1.90 11 B 6.1 324 1.93
12 Zht 5.8 306 1.87 12 it 5.4 330 1.89
13 Bt 4.2 357 1.92 13 Bt 5.4 367 1.92
14 i+ 5.8 367 1.89 14 Bt 4.4 400 1.92
15 i+ 5.2 401 1.89 15 Fhi+ 4.7 398 1.89
16 # 6.6 433 1.92 16 ot 5.1 427 1.95
17 it 7.1 405 1.89 17 #Ht 6.5 405 1.89
18 B+ 8.5 465 1.95 18 Bt 8.0 450 1.95
19 RS 543 2.10 19 RS 537 2.10
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Fig.5 Acceleration time histories of ground motion
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Table 4 Peak acceleration and peak velocity from different soil dynamic parameters

Jin L R/ gal

WEEWEME /(em » s 1)

HREOR BRAECOID) e Rl MW SRE SOFE WM AEE S
63% 81.5 74.2 66.9 84.8 9.8 9.7 9.5 9.8
1 10% 242.9 189.6 99.2 253.5 31.3 32.7 24.8 32.4
2% 442.2 282.7 132.7 466.1 72.4 64.9 42.9 76.0
63% 81.5 75.3 66.0 84.1 9.6 9.8 9.7 9.9
2 10% 217.1 194.0 97.5 231.4 30.4 32.5 25.8 31.7
2% 405.6 355.6 115.9 451.2 67.7 68.7 43.3 70.3
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Table 5§

Characteristic period from different soil dynamic parameters

FRAEJA I Ty /s

LK e (50 4F) IHRBIA R 2
SGEiH TR ML SelifE Gl MEREE B SCIME
63% 0.53  0.58  0.63  0.51 052 0.58  0.65  0.52
10% 0.57 077 111 0.57 0.62  0.74 117  0.61
2% 0.73  1.02 144  0.72 0.74  0.86 1.66  0.69
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Fig.6 Average response spectrum curves of different soil dynamic parameters at different exceeding probabilities
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Table 6 Deviation of results between three schemes of soil dynamic parameters and measured values
REME/ %
AR AEAOK I (50 4F) DA (i i 3 2 WA 3 12 FRAE A 39

T1 T2 T3 T1 T2 T3 T1 T2 T3

63% 4 13 21 0 1 3 4 14 24

1 10% 4 25 61 3 1 23 0 35 95
2% 5 39 72 5 15 44 1 42 100

63% 3 10 22 3 1 2 0 12 25

2 10% 6 16 58 4 3 19 2 21 92
2% 10 21 74 4 2 38 7 25 141

kP T1.T2.T3 /5 ER ST HE = E A (A
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