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ABSTRACT

In order to estimate the viscous effects of clay over a wide range of strain levels, we confirmed the performance of a viscoelastic-
viscoplastic constitutive model by simulating cyclic undrained triaxial tests to determine the cyclic strength and deformation characteristics
of natural marine clay. The viscoelastic-viscoplastic constitutive model was then incorporated into an effective stress-based seismic
response analysis to estimate the effects of an intermediate clay layer on the behavior of sand layers. Seismic response was simulated
by the cyclic viscoelastic-viscoplastic constitutive model created with data recorded at Rokko Island, Kobe, Japan. The results show
that a cyclic viscoelastic-viscoplastic constitutive model can provide a good description of dynamic behavior including viscoelastic

effects, within a small strain range.
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Fig. 1 Velocity structure and layout of seismometers
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Table 1 Seismic motion amplification ratio at Rokko Island

Grouwp Record data Amplification ratio Ampli(ﬁcation ratio
(0/98 m) (35/98 m)

46281309 0.957 0.757
47281002 1.123 0.973

A 42241151 0.883 1.108
4b092027 1.095 1.068
4b100038 1.243 1.107
51201538 1.159 0.926

B 51232144 1.281 1.163
51252316 0915 1.047
51260101 1.364 1.53
51262308 1.437 0.852
51290942 1.097 0.708
51291603 1.058 1.064

¢ 52030436 0.767 0.878
52032037 1.274 0.934
52182138 1.483 1.466
52240804 1.227 1.000
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Table 2 Material properties used in this study

Depth (—m) | 0-2.9 ] 29-4 [ 4=10 [ 10-24 | 2434 [34—44
Parameters | (sand) | (sand) | (sand) | (sand) (clay) (sand)
Vs (m/sec) 170 170 210 210 130 245

u (kPa- sec) 0 0 0 0 40E+03| 0

C (1/sec) - - - - 2.5E—07 -
C, (1/sec) - - - - 2.5E—09 -
m' - - - - 20 -
M, 071 | 071 | 075 | 075 074 | 091
Mff 1.01 1.01 1.05 1.05 1.24 1.21
By 50000 | 50000 | 50000 | 50000 500 50000
B, 1 1 1 1 1 1
B, 1 1 1 1 1 1
A 0.03 0.3 0.03 0.3 0.39 0.02
K 0.00026 | 0.00027 | 0.00054 | 0.00072 0.05 0.00013
) 0.25 0.25 0.25 0.25 0.488 0.25
e() 0.6 0.6 0.6 0.6 1.75 0.6
0, — 0
Ssec. 7 sec. 10sec.
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Fig, 6 Excess pore water pressure ratio vs, depth relations
at Rokko Island
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Fig. 7 Time histories of Excess pore water pressure ratio
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