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Numerical analysis of seismic response of gravel soil slope site and pile
foundation

YANG Wei-wei
(Zhongtong Service Consulting Design & Research Institute Co., Ltd., Nanjing 210003, Jiangsu, China)

Abstract: Taking a line project crossing typical landform and foundation soil in Southwest China as an example, the seismic
damage characteristics of transmission line under earthquake action are obtained through seismic damage investigation.
Then, the analysis model of slope pile-soil system is established by using FLAD 3D finite difference software. Through
simulation, the dynamic response characteristics of the permanent displacement of the slope, the amplification coefficient
of the site acceleration, the pile displacement, the pile envelope bending moment and the peak acceleration of the pile under
dynamic load are determined. The results show that the amplification coefficients of site displacement and acceleration at
the slope shoulder are amplified. The average amplification coefficient of slope displacement ranges from 1.0 to 5.0, and
the maximum amplification coefficient of acceleration ranges from 1.2 to 1.5. The acceleration, displacement and internal
force of the pile foundation are affected by the seismic load. However, due to the influence of slope gradient, the difference
between upper and lower soil layers increases gradually at a certain depth, and the soil at the upper part of the slope loses
its resistance strength, resulting in abrupt response of pile.
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Fig. 6 Seismic acceleration time history curve
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Fig. 7 Surface permanent displacement-time curve
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Fig. 8 Plastic zone of slope surface
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Fig. 9 Surface acceleration amplification coefficient-
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Fig. 10 Time history curves of pile displacements
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Fig. 11 Time history curves of pile bending moments

iR g
4.0 ——r v r
2.0 |- HED X ' '
0.0
-2.0
—4.0 1 L 1
0 75 15 22.5 30
3.0 T T T
15 [lm .
0.0
-1.5 F -
-3.0 1 Il 1
0 7.5 15 22.5 30
15 oo T ' ' ]
0.0
-1.5 | . . . -
-2.5
0 7.5 15 22.5 30

0 75 15 25 30
2.0 T T T
10 p77m J
0.0
:éﬁg L 1 . L . 1 . T wtials
0 75 15 25 30

B 12 HESINEERZHhZ

Fig. 12 Time history curves of pile acceleration



414 o A

b

2021 £ 10 H

5 45 i

DA i b X 2 e g 780 b R b 3 A0 3 35 K
(e — 2R TR NG, B eI R 2R I 72 e
MR E MRS N, 13 RIS AR F R A, 3R
PR A F R i FR 2R B R AR IR AR g —
3K Fl FLAD 3D A BR 2% 73 R A g S Rt - 44 &
A TR EY, TEAH S BT RS I 1 L R 5 o R
RN FERIE - LAk R 30 Sy SURHE . B 9045
LU

C1D FE AT I 3 1 40 ) 5 16 =2 T 5 [0~ A T, B
RIE I Z AR I R R 3 AR T R e g it T
25T, I AREEIMER FES R Fiek.

(2D B T A% AR MR X 3 A M 00 s 8K
RUNLSZ M T L b W3 R 55 2 R 3R R el B ds i
RIUNAELMERFAE « SR AR B 58 B ) fin ik &
TR ZB LR A E, KRR L 1.2~1.5,

(3) AT TBOR BB E HIAEI T, 4
WA RS P OR REGEREN 1.0~5.0, BUKRE
WNAER 5.0 Iifti. BAL R IE L S K AL
FHAEL

(4) 37 M b 356 b 5 ey 187 R AE 23400 Hp ik 2
RERIINIERE . rFE . W2 B e B I ., {H
MR R R, —eiRE L. T EEERME
BN, A A O T HEBU R B A A A
T B SRR

SE R

[1]1 B, PR, TR, S5 DRI T b = e S Y
BB RRIGTT]. T E A B AR, 2018, 31(9): 43-51.
HE Wei, LUO Zhi-meng, YIN Ping-bao, et al. Centrifuge
model tests of bridge pile foundations in sloping ground of
mountainous areas[J]. Chinese Journal of Highway, 2018,
31(9): 43-51

[21 5k58, B, EEE & RIS S -4
Kt FR A LA R 2h & k38 5 HUE o i 0], iR TR
5 TREIRE, 2020, 40(5): 226-238.
ZHANG Lu-ming, ZHOU Yong, WANG Zhi-jia, et al.
Shaking table test and numerical analysis of non-uniform

soil-pile-structure seismic interaction in inclined ground

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[J]. Earthquake Engineering and Engineering Vibration,
2020, 40(5): 226238

BBeE, moCE, s, &5 BT ABAQUS Mk
HEME LR B0 5 B R SN 7 A [J]. R, 2020,
36(1): 83-90.

ZHAO Xiao-guang, GAO Wen-sheng, NI Ke-chuang, et al.
Seismic response analysis of shaking table test of pile
foundation with high cap based on ABAQUS[J]. Building
Science, 2020, 36(1): 83-90.

AI-DEFAE A H, KNAPPETT J A. Centrifuge modeling of
the seismic performance of pile-reinforced slopes[J].
and  Geoenvironmental
Engineering, 2014, 140(6): 04014014.

MATLOCK H, FOO S H, BRYANT L L. Simulation of

Journal of Geotechnical

lateral pile behavior[J]. Proc. Earthquake Engineering and
Soil Dynamic, ASCE, New York, 1978: 577-594.
NOVAK M, NOGAMI T, ABOUL-ELLA F. Dynamic soil
reactions for plane strain case[J]. Journal of the
Engineering Mechanics Division, 1978, 104(4): 953-959.
ZHL TR, BRAME . REIME SR T I
Wbt e b - -SRI T T ()], A 5,
2020, 41(2): 571-580.

WU Qi, DING Xuan-ming, CHEN Zhi-xiong, et al.
Seismic response of pile-soil-structure in coral sand under
different
Mechanics, 2020, 41(2): 571-580.

AR, NE, TR, BE- - R AR A i A
BOtSEHEK L] AR TR S TR RS, 2019,
39(1): 8-17.

LI Zai-xian, LI Xiao-jun, ZHANG Zhi. A simplified model

earthquake  intensities[J].  Geotechnical

of equivalent calculated pile length for soil-pile-structure

interaction analysis[J]. Earthquake Engineering and
Engineering Vibration, 2019, 39(1): 8-17.

OpenSees. Open system for earthquake engineering
simulation[EB/OL]. http://opensees. berkeley.edu. Pacific
Earthquake Engineering Research Center (PEER).
University of California, Berkeley: 2007.

FINN W D L. Geotechnical engineering aspects of
microzonation[C]//Proceedings of the Fourth International
Conference on Seismic Zonation. Stanford, California.

1991: 199-259.



