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Computational analysis of layered soil-box foundation-structure dynamic
interaction under explosive earthquake waves

ZHU Zhi-hui, SHANG Shou-ping, WU Fang-bo, XIONG Hui
(Department of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: Experimental researches on a large-scale (1:2) in-situ model test of layered soil-box foundation-structure system to
study the dynamic interaction under explosive earthquake waves were carried out. By applying a secondary development to
ANSYS with multi-transmitting boundary, the effects of artificial transmitting boundary (ATB), property of backfilled soil, the
weak intercalation and main frequency range on superstructure were comprehensively investigated. Compared with the results
of fixed soil boundary and fixed base boundary, the results of ATB agreed well with the test results. Stiffness variation of
backfilled soil played a small role on superstructure response when the substratum was relative stiff and the box foundation
embedment was shallow. The weak intercalation could reduce the seismic response of superstructure. Acceleration and damage
of superstructure under low frequency earthquake was larger than that under high frequency blast earthquake. At the same time,
in some special cases, the computed results under the fixed base assumption were not always on the safeside.
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Fig. 2 Multi-transmitting formula computational model
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Fig. 3 Simplified model of layered soil-box foundation-structure
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Table 1 Parameters for model of frame structure

e ke 1)z 2 )2 32 4 7 52 6 )7 72
6 BE/m 2.1 3.75 5.4 7.05 8.7 10.35 12
Jii kg 3267.2 3038.1 2885.1 2885.1 2885.1 3401.1 3000.2
7k /mm? 250 x250 225 %225 225 x225 225%225 225%225 225%225 225%225
P /mm? 125 x250 125 %250 125%200 125%200 125%200 125%200 125x200
B 5 imm 75 75 75 75 75 75 75
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Table 2 Physicomechanical parameters of the soil layer

s o T R B G s W . £ Y] P FEE 42 £
v b
B /m /Pa fansh  shgmy T /Pa )
[Pl 1.8 4.75% 10 100 1900 0.25 10000 20
) 1.8 1.04% 10° 146 1950 0.25 16000 22
F o 2.2 2.69%10° 231 2020 0.25 20000 25
iy 2 7.36%10° 379 2050 0.25 21000 25
UL 2 1.39x10° 521 2050 0.25 21000 25
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Fig. 4 Acceleration time history and Fourier spectrum of point 4
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Fig. 5 Acceleration time history and Fourier spectrum of point B
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Fig. 7 The effect of backfilled soil on acceleration of point B
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Fig. 8 The effect of weak intercalation on acceleration of point B
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