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An analytical solution of dynamic responses of multi-layered soil around defect
piles and its application in parallel seismic method
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Abstract: A defect pile-layered soil coupled model considering the three-dimensional symmetric vibration of
surrounding soil was proposed. An analytical solution of dynamic responses of surrounding soil subjected to the
vertical vibration of piles in frequency domain was deduced and, further, a semi-analytical expression in time
domain was obtained by applying inverse Fourier transform. A simplified model was then proposed, and the
validity of the presented solution was proved by compared with the result solved by FEA software. Parameters in
three cases of defect pile-homogeneous soil, intact pile-layered soil and defect pile-layered soil were discussed to
research their influence on dynamic responses of surrounding soil, and the response law of pile-surrounding soil
was concluded. Furthermore, some parameters of the parallel seismic method were also studied as well to further
clarify considerations. The results can guide the application of the parallel seismic method on site.
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Fig.3 Analytical solutions and FEA results of time-depth responses subjected to defect pile
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Fig.5 Time-depth curves of dynamic responses subjected to defect pile surrounded with homogeneous soil
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Fig.6 Time-depth curves of dynamic responses subjected to intact pile surrounded with layered soil
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Fig.7 Time-depth curves of dynamic responses subjected to
defect pile surrounded with layered soil
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Table 1 Effect of conditions of defect pile-layered soil model
on the dynamic response of surrounding soil

TH EwsOE A KRR
T
BRBSBL o et e T g

(B
ARG BT PRENT, R KRR A
g WEUPR, BUERE JEREMLRIONE B,
IR kR s VSR BOREL VRAE e

I B B 2 IEhEsE, REEW RIRE], gk

EIROERRATET W, JFHBEER ATERR R

JEATRE R B R SR FAR
HETO RO s

Prek BOR 2 Ak

HER B DU

Vs O BEL R G o A L XL R o A
BRI, S HILBENRE TR, AR R R
54 FILESBENRASEHHAR

H T R R A LB R s R 45
AT LA O SR AR, R 55 FLagE SV
1T16%, X055 fLIB S BEAAE MK R i K f 3 22
SRS, BRENRE SR MR
JeFL S AR A BERS A . D 1A T 5 I S F
IS 2R Joxt L, AR ISR S 4E AR R R R,
Kl 8 Firor

1 1 p—— Y
105 o5 10 15 20 25 30

I 1) T
(@) h,=4.40m, h,=1.20 m, h,=4.40m, E,=E ,=40GPa, r=0.60m,

E,,=10 GPa, VS,=VS,=VS,=160 m/s, ——=0.10, Ah=050 m
a,

c

\ \ \ S

0.5 1.0 15 2.0 2.5 3.0
I AN T
(b) h1=440 m, h2 =1.20 m, h3:440 m, Ep1=E93:40 GPa, r=0.60m,

E,,=10GPa, VS,=VS§,=VS,=160 m/s,

T _0.30, Ah=0.50 m
ar.

c

1 A 1 1 1 —— |
0.5 1.0 15 2.0 2.5 3.0
e} R
(c)h=440m, h,=1.20m, h,=4.40m, E,=E ,=40GPa, r=0.60 m,
E,,=10 GPa, VS,=VS,=VS,=160 mis, ——=0.30, Ah=0.20m
0.8
0.4
02
=00
0.2
—0.4
0
£ -2
-4
% 6
i
= -8
%\_10 1 1 1 1 1 1 1 1
00 05 10 15 20 25 30 35 40

IS IR T
(d) h,=3.80m, h,=240m, h,=3.80m, E,=E_ ;=40 GPa, r=1.00m,

T
E,,=10GPa, VS, =VS,=VS,=160 m/s,

=0.30, Ah=0.50m

c

K8 LB PRI S
Fig.8 Effect of variable test parameters of parallel seismic
method
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Table 2 Effect of parameters of parallel seismic method on
dynamic response of surrounding soil
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