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Dynamic response of pile foundation under
horizontal resonant vibratory loads

CAI Ke-jian
(School of Civil Engineering, Ningbo University of Technology, Ningbo 315016, China)

Abstract: According to the inescapability dynamic functions of bridge pile foundation in the construction and operation processes,
and based on considering axial forces and horizontal forces co-operation in pile top, the horizontal vibratory loads can be simplified
as resonant vibratory loads. Based on the dynamic Winkler found model and through simplifying soils as independent springs and
dampers, the horizontal vibration equation can be established and the horizontal nonlinear dynamic response of pile foundation can be
solved. Considering the pile-soil interaction and transmitting boundary, the finite element method was introduced to establish two
dimensional nonlinear dynamic models. The design parameters are analyzed; and the calculation results show that the displacement
variation in pile top is hump shape with load frequency change and the values increase with the amplitude enlargement. The natural
frequency of pile foundation increases with the increase of pile length-diameter ratio and decreases with increase of pile-soil modulus
ratio. The enlargement of pile diameter can increase pile stress and the stability of pile foundation is strengthened with deformation
reduction.
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Fig.1 Horizontal vibratory calculation model of pile
foundation in layered foundation
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Fig.2 Horizontal vibratory stress model of pile foundation
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Table 1 Values of friction parameters

28 MR+ bkt Bt [
B 0.15~0.25 0.25~0.40 0.35~0.50

3.3 JAR&H

DAAT BRCASAL P JEBR AR, 5 N3 AN
PRI, AT TR, TR S ) e
AP IT AR . ST AL AR, (i
FEIATE o RS, S opT &5 RS FE A A P A
KM, SRR %R ZE, KM Lysmer i% S 12 5L
ST, R p R AT (55 R BEL SR A A B 2 T
Kelvin B.70, A& R ERik m R Ry )R J)
A

o, =—CipV,it, 6)

T =—C,pVii, 7

Kofvs p HEE LB v, BV B C Al
Cy BN TR o R AL

4 THEEH

4.1 EYRGTEC TR EAERY

FEATRERE R, KT - AR R SR BA R LAl
WELZHOIN LARGA, BEPEER 1~2 m, BEKOY
40 m, A FERAETE (10 m). B4R
LR BERAKRE L (30 m), FERABNE
b 2 (20 m), HE-TEAYESHNEK 2,
HAR R K ks B an ] 4 s o

R2 MEHHESH

Table 2 Parameters of materials

PR ARAEL BIUIRGE RRD @ Gl 3

ML 44 Bk . s
E,/kPa u Vi/(m/s) c/kPa /(°) /(kN/m’)
MEEHREEL 2.0x107 023 23.0
®EHE  2.0x10° 037 60 1400 165 12.8
wHE  7.8x10° 020 80 6700  28.0 27.0

4.2 FEMEFHA Y
B, WM KR I/d=20, BNREAENE
B0 2 m (PR, 3l Ik SO R S Ay 2 R AR DA S AR



55

Rl AT SRAT A ] SRR 10 3) 7 S 1507

W R BEAT VAL, TRV A R S BB S R AT R L
Bl 5 4t T SR IR A AR LA AR X S AR A T
PEAB I, e SEee il o AT BT S a R, £k
R ARV E R . AT LU Y, AT
THAE RS AT AR TS GG BT, SEAERETIABS K
BURGRIETE . AT BRI 5 SR 1K) B SR AR
S, AR IE IR, HALRBEE T Bk
LLPNITEPI IR

B4 A RRTTEA AR
Fig.4 Finite Element Gird Model

LT . - F=120kN
g L0 —— F=90kN
09 |
E s —— F=60kN
2 ()i7 —— F=30kN
& 06 .
Zoost
2 o4} .
=
= 03
02 F /\1
0.1 L 1 L 1 1

0 10 20 30 40 50 60 70 80 90
Bi# [ Hz

B 5 HETRALES B SR T IR B A AR (2 L
Fig.5 Variation of displacement at pile top with amplitude
and frequency of vibratory loads
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