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Effect of lenticle on seismic response of structures in deep water-saturated
poroelastic soft site
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Abstract: A lenticle existing in engineering site affacts significantly on the earthquake ground motion. There exists obvious
difference between the seismic response of water-saturated poroelastic site and the corresponding dry site. However, there are few
studies in literature on influence of lenticle on seismic response in deep water-saturated poroelastic soft site up to now. Using finite
element and indirect boundary element coupled method (FEM-IBEM), this paper investigates the effect of width, thickness and
embedded depth of a lenticle on dynamic structural response by the nonlinear dynamic saturated soil-structure interaction model, and
particularly analyzes the effect of dynamic coupling effect between solid frame and pore water. The lenticle width, thickness and
embedded depth show different effects on the structural response, resulting in obvious difference with those of a lenticle in dry site.
The dynamic coupling effect between solid frame and pore water has significant effect on seismic response of the structure.
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Fig.1 The model
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Table 1 Soil layer parameters of a typical deep water-saturated poroelastic soft site in Tianjin

+Jz / u , o, o P m M b'
kel /m /MPa " /(kgm’) [ (kgm®) /(kgm)) /(kg/m’) “ /MPa  /(N-s/m") ¢
1 10 58.95 0.3 2 321 1 000 1925 7222 0.828 7 62.81 10 0.33 0.05
2 10 78.00 0.3 2357 1 000 1950 7222 0.828 7 63.71 10 0.33 0.05
3 10 99.98 0.3 2393 1 000 1975 7222 0.828 7 64.34 10 0.33 0.05
4 10 125.00 0.3 2 429 1 000 2 000 7222 0.828 7 64.79 10 0.33 0.05
5 10 182.25 0.3 2 464 1 000 2 025 7222 0.828 7 65.37 10 0.33 0.05
6 10 251.13 0.3 2 500 1 000 2 050 7222 0.828 7 65.72 10 0.33 0.05
7 10 332.00 0.3 2536 1 000 2075 7222 0.828 7 65.95 10 0.33 0.05
8 10 425.25 0.3 2571 1 000 2 100 7222 0.828 7 66.10 10 0.33 0.05
9I(FEH) 537.50 2 100 0.33 0.02
x2 WAERENRSH
Table 2 Parameters for water-saturated poroelastic lenticle
el My n Prs . Prr . P . my . o My b . v, ‘.
/MPa /(kgm’)  /(kg/m’)  /(kgm’)  /(kg/m’) /MPa / (N-s/m*)
A TRLN 11.52 0.3 2 142.86 1 000 1 800 7222 0.828 7 50.72 10 0.33 0.05
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Table 3 Parameters of the site without coupling
effect between solid frame and pore water

+E%% [/m u/MPa  p/(kg/m’) % ¢
1 10 58.95 1925 0.33 0.05
2 10 78.00 1950 0.33 0.05
3 10 99.98 1975 0.33 0.05
4 10 125.00 2000 0.33 0.05
5 10 182.25 2025 0.33 0.05
6 10 251.13 2050 0.33 0.05
7 10 332.00 2075 0.33 0.05
8 10 42525 2100 0.33 0.05

9(FEH) 537.50 2100 0.33 0.02
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BN RSN
Table 4 Parameters of lenticel without coupling effect
between solid frame and pore water
5 w /MPa py [ (kg/m') v, S
B AR 11.52 1800 0.33 0.05
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Table 5 Effect of dynamic coupling effect between solid
frame and pore water on maximum seismic structural
response corresponding to different lenticle widths

A I KA £ FEIRBY )35 KA/ kKN
/m AN A ISR, AN A X ISR
S S S S

0 1/127 1/171 1594 1942

10 1/132 1/135 1543 1910

20 1/133 1/129 1531 1811

40 1/100 1/128 1530 1711

100 1/108 1/132 1370 1905
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Fig.8 Effect of lenticle thickness on maximum story drift
and maximum base shear force of the structure
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Table 6 Effect of dynamic coupling effect between solid
frame and pore water on maximum seismic structural
response corresponding to different lenticle thicknesses
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Fig.9 Effect of lenticle embedded depth on maximum
story drift and maximum base shear force of the structure
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Table 7 Effect of dynamic coupling effect between solid
frame and pore water on maximum seismic structural
response corresponding to different
lenticle embedded depths
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