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SEISMIC RESPONSE ANALY SISOF SEASONALLY FROZEN
GROUND OF ZHANGYE AREA

Ql J-lin"t MAWe' SUN Chong-shao® WANG Lan-min?
(1. Sate Key Laboratory of Frozen Soil Engineering Cold and Arid Regions Environmental and Engineering Research Institute
Chinese Academy of Sciences Lanzhou 730000 China 2. Earthquake Research Institute of Lanzhou China Earthquake
Administration Lanzhou 730000 China)

Abstract A test sitein aseasonally frozen region in Zhangye City Gansu Province Chinaistaken to investigate
the ground motion features in different seasons. Micro-tremors are measured and analyzed. Undisturbed samples
are taken from the site and triaxial dynamic tests are performed in their unfrozen and frozen states in order to
obtain the dynamic parameters such as shear modulus ratio and damping ratio of the soils. The input for the
ground motion analysis such as boundary conditions seismic records and soil parameters are discussed. Together
with the results from previous seismic risk analysis the parameters are input into a one-dimensional shear beam
model so that ground motion parameters are calculated for the site in seasons with and without frozen layer.
Furthermore different depths of the frozen layer are assumed and peak ground motion parameters and response
spectra are caculated. Calculation shows that the seasonal existence of frozen layer can restrain the strong motion
to some extent therefore the frozen layer has positive effect on the site subjected to seismicity and the effect
increases with the increase of frozen depth at the sametime the predominant period of the ground decreases with
the increase of the depth of frozen layer. The results obtained can also be applied to other regions with similar
ground conditions.

Key words soil mechanics seasonally frozen ground shear beam model  seismic response spectra  response
spectra
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Tablel Physical parametersand shear wave velocity of soil layerson theworking site
/m /m I(kN- m 3 1% 1% 1% I(m- s Y

00 1.0 220
10 36 254 274 19.8 24.94 17.76 2874 180
36 52 405 4.25 195 29.73 24.20 43.37 170
52 89 6.45 6.65 19.8 30.08 250
89 102 9.78 9.98 217 24.04 17.97 30.65 230
102 124 250
124 144 250
144 173 330

173 28.0 350 650
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Fig.1 Shear modulusratio vs. shear strain for soils on the

working site
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Fig.2 Damp ratio vs. shear strain for soils on the working site
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Fig.3 Ground peak acceleration vs. frozen depth 4
2
Table3 Calculation resultsfor seismic response on the site
Dinax / €M Vinad! (cm- s %) Anad (cm- s ?) EPA/(cm- s ?)
1 0.115 3.48 148 9
2 0.151 430 170 105
3 0.098 2.90 116 84
4 0.140 3.96 167 113
0.126 3.66 150 100
1 0.106 3.77 140 84
2 0.121 3.79 177 101
1m
3 0.110 3.85 154 105
4 0.084 2.87 118 81
0.105 357 147 93
1 0.101 3.15 139 90
2 0.137 3.86 159 100
2m
3 0.090 2.73 110 79
4 0.121 3.56 157 107
0.112 333 141 94
1 0.085 324 136 79
2 0.086 2.96 146 88
4m
3 0.089 322 136 92
0.070 2.46 109 70
0.083 2.97 132 82
1 0.080 3.06 126 75
2 0.079 2.64 138 85
6m
3 0.083 3.05 128 88
4 0.065 2.28 108 68
0.077 2.76 125 79

Dmax  Vimax  Amax EPA
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Fig.4 Ground response spectra without frozen layer
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Fig.5 Ground response spectrawith frozen depth of 1 m
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Fig.6 Ground response spectrawith frozen depth of 6 m
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