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Design and experimental research on model soils used for shaking table tests of
superstructure-soil-tunnel interaction system
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Abstract: In order to match the similitude ratio of acceleration of a superstructure-soil-tunnel interaction system and truly
restore its dynamic response under earthquake action, a kind of model soil composed of sawdust, river sand, silty clay and water
is designed by combining the theoretical analysis with experiments. A large number of resonant column tests on the model soils
with different material ratios are carried out at confining pressure of 30 kPa, then the orthogonal test scheme is designed and
conducted, and Y(Sy,, S,, Q) function is created to judge the similitude about dynamic shear modulus ratio-shear strain curves
between model and prototype soils. The orthogonal test results show that the optimal mass ratio of sawdust, river sand and silty
clay is 18% : 27% : 55%, and the moisture content is 50%. The model soil with the optimal proportion basically satisfies the
expected target that its similitude ratio of acceleration to the prototype soil is 3 and its correlation curve of dynamic shear
modulus ratio-shear strain is similar to that of the prototype soil. The influence laws about dynamic parameters of model soils
are obtained for various additive materials. In addition, the resonant column tests on the model soil with the optimal proportion
are carried out at confining pressures of 50 and 70 kPa. It is verified that the similitude between the model and prototype soils at
different confining pressures is basically satisfied, their correlation curves about damping ratio and shear strain are compared,
and it is obtained that their similitude about damping ratio is reasonable. Based on the similarity analysis of the predominant
period, the similitude between the model and prototype soils is verified again. The research conclusions may provide some

reference for the preparation of model soils in shaking table ————
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tests in the future.
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Table 1 Geological survey report of a site in Tianjin
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Table 2 Similitude relations of model
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Table 3 Orthogonal test schemes and partial results
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Table 4 Fitting parameters of Stokoe model and values of Q and Y

for orthogonal tests

7*? a a Q(yra 0() Y(Syr, Saa Q)
P 0.00118 0.943 0 0

1 0.00174 0.925 0.033 2.71X10°
2 0.00130 1.015 0.003 1.80X 107
3 0.00195 0.954 0.055 3.18X10°
4 0.00320 0.628 0.179 0.0585

5 0.00191 1.075 0.062 0.0004

6 0.00266 0.834 0.134 0.0028

7 0.00349 0.750 0.219 0.0351

8 0.00343 0.748 0.217 0.0337

9 0.00181 1.201 0.063 0.0013
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Table 5 Range analysis of influences of various factors on
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Table 6 Variance analysis of G,.x of model soils

i A
PR A RS B KC
#H a3 77 MSA 4.249 2.525 1.559
2H N 3577 MSe 0.820 1.539 1.715
F 18 (F=MSA/Mse) 5.181 1.641 0.908
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Table 7 Variance analysis of G,.x/p of model soils
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Fig. 5 Curves of G/G.x- ¥y of model soils and corresponding

depths of prototype soils at different confining pressures
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Table 8 Correlation parameters about similitude ratio of

acceleration of model and prototype soils
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model and prototype soils
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of prototype soils at different confining pressures
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