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Horizontal Dynamic Response of Pile Based on
Layered Generalized Gibson Foundation

QIU Jiekai, DING Zhaowei, SONG Chunyu, CHEN Longzhu
(School of Navy Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University,
Shanghai 200240, China)

Abstract: In order to directly solve the horizontal dynamic response of a single pile under the condition that
the shear modulus of the soil around the pile varies linearly with the depth, a method for solving the
horizontal dynamic response of piles in nonhomogenous foundation is proposed based on the layered
generalized Gibson foundation and the Adomian decomposition method. Compared with the initial
parameter method and the transfer matrix method, the proposed method does not need to discretize the
nonhomogeneous foundation. Compared with the numerical method, it has the advantages of low
computational cost, high accuracy., and fast convergence speed. The correctness and rationality of this
method are verified by comparing it with the calculation results of the layered method, the analytical
method of homogeneous foundation, and the numerical method. The influence of boundary conditions on
the pile bottom, soil parameters, and pile slenderness on the horizontal dynamic response of the pile is
investigated. The result show that in nonhomogeneous foundation, the pile-soil elastic modulus ratio is an
important factor affecting the horizontal dynamic response of pile. As the shear modulus of soil increases,

the amplitude of horizontal displacement of the pile decreases, and the distribution tends to be gentle. In
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addition., compared with other parameters, Poisson’s ratio and damping ratio of soil have less influence on

the horizontal dynamic response of pile.

Key words: layered generalized Gibson foundation; nonhomogeneous foundation; Adomian decomposition

method; Novak’s thin layer method; horizontal dynamic response
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layered generalized Gibson foundation
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Tab. 1 Horizontal displacement amplitude of pile tip versus N
N | U | 1T |
2 0.819 792 340 2.708 522 741
3 0.575 465393 0.438 747 062
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12 0. 589 898 281 0.103 125 562




BRABL, 5 BT L Gibson Hu 2k P AR 4y K -F 3 Ay we 2 435

94
N+1 N

&= || 20O [ 2T [<107
n=1 n=1

= ||Sor |- | Norol|<o
n=1 n=1

6o e 230 R BETOU AR JEE A5 3% R {1 F) A <08 10 3%
ZELEXTE. PR A SCR 225 A JC R R U WY L 40 i
G N BN 7. X HME R A ER L Y N 28R
R o 28 A A 8 SR A 5 T R
3.2 MEAXEXTLL

AR 3 G A E A SCER RS L S 0 R A ST Y
TRRA IR 5 43 2 O ikl 2 oMb R A B O iR
B J5 6 BT SR SR A T X EE o DT 38 TE AR SC g
A IERPE. 2 X HR )T S Gibson % B HE-+
JK V-8l ) 1) BT AR SC 5 3R Ry )2 O3 vk AT AR I
B RIS T G4 1T X Gibson # 5E3T
DL 22 )2 4 Jo M 1) S B o B AR AR TR B R
S SR =) N = ) S R € R ' TN
RS2 I 75 R B g 249l R 3 8 1 AR 1 L B
Yy 5t 2 B9 5T R I 2 N 2 (R AR S R SR
(25 JhYH0 2 B0k AL b JE B vk A3 B B2 ) 2 Gib-
son M FE P E ) 2K 7 Bl g 41 8% R R 21 5 2% AR D b
K HERBE A b bE 2SN d, =0.5 m, 1/d, =
10, E,/E;(0)=800, p4/0,=0.75 Ba=5%, v, =
0.35. ag =0. 5, T ARG BE TR LML HE AN L IS R A
R TAR R PIAE. X e g R A& 2 o . m] LLE B,
Wt 5 301 73 2 BB AN W 30 R FH 0 J2 T ik 1) 4 2R
O AT S B B A 4 B O 2 R JREOR AR AT
P 22 J2 249 T3 b 5 30 AL AR I 8 ot B GO
PR FE I BE A X T 22 SR AR 1 T i Aub PR SR #5
PRIXE o A7 75— 5E 1 Ja BR 1.

Kl 2 ARSCT7 500 2 I7 kA R B H

Fig. 2 Comparisons of results of the method pro-

posed and those of layered method
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Fig. 8 Influence of E,/E (0) on amplitude of horizontal displacement of pile
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Fig. 11 Influence of Poisson’s ratio of soil on amplitude of horizontal displacement of pile at different values of A
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