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Field tests on dynamic response of pile foundation under excitating loads
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Abstract: To study the bearing characteristics of single pile and pile groups under horizontally and vertically excitating
dynamic loads, a dynamic test plan is designed for single pile, two piles, three piles and four piles in multi-layer soil under
horizontally and vertically excitating loads. The pile-head displacements of single pile, two piles, three piles and four piles are
obtained from field test data, and the variation laws of the pile-head displacements with excitating frequency and pile number
are analyzed. Based on the test results, the horizontal and vertical stiffnesses of single pile, two piles, three piles and four piles
are given, and the variation of pile-head stiffness with the number of piles and excitating frequency is analyzed. The dynamic
efficiency coefficient of the pile group is obtained through the stiffness, and its variation laws with the number of piles in the
pile group and vibration frequency are analyzed. The test results may provide valuable data for simplifying the theoretical
methods and verifying the relevant models through changes in displacement, pile-head stiffness and interaction coefficient of
pile groups.
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Fig. 1 Diagram of loading system
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Table 1 Mechanical parameters of soil layers
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Fig. 3 Curves of horizontal displacement amplitude
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Fig. 4 Curves of vertical displacement amplitude
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Fig. 5 Variation of horizontal stiffness of single pile and pile

groups with vibration frequency
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Fig. 6 Variation of vertical stiffness of single pile and pile groups

with vibration frequency

AL 5 G H SR AR AR KT NI EE , AR
BT RERE SN 1 RR R BB 7 Fros. BT sy
PURBL, BEESRLE 10~50 Hz Ja BN, DUBES)
JIRBEZHCEERN, BN IRAE AR, P
ZRE AN Y R KT RERE B 0 R R RBOE AR BRI
A2, BEAEMERINE 2, KT REME B ) R R BHE IR
TR 2, RN b B REARAE 0 4R
PEAFAERC I, BEEIEEIN 2, XAmasin,
KV RERES ) R0 R B

0.71
0.6
— Bt
=05 7 P
04+
0.3

10 15 20 25 30 35 40 45 50
% Hz
7 KPR R AR EBPEE RN E LA E
Fig. 7 Variation of horizontal dynamic efficiency coefficient of

pile groups with vibration frequency

I B 6 45 H A AR AR A B ORI E , TF AT



174 "+ T OB % M

2023 4F

B R VAR SN 71 R R A 8 P . BEAE SR AR
10~50 Hz JuFEAIER, PFE. = AANDUAE 1 B e i
PEB TR R HPEA L ORFEAZ, BEEERUINIE 2,
TRV RERE SN 1 20 R AR AR

X LG P 8 T 9 W] LUK I, ZEAR TR IOBERR 14 T
R [V B 0 R R BCR T AT RS T 80R R 4L
RULHTEHEE SN R BAE R R, KCTIRBI A R A
S AR R OR, X gk S 18] AR
BN AR, AP A R A LA LR B 7 AT
AL RE DYt e e AU TR A CIE = A (S A B

& 1 BN 0,

0.801
0.751

= 0.70+
L

-------- g
0.60 1 L I . )
0 10 20 30 40 50

8 ZEBHERN MR R KFEEN RN T AR
Fig. 8 Variation of vertical dynamic efficiency coefficient of pile

groups with vibration frequency

4 &

AW FCBE T T SRR AE (1 KT AN B g 3R sh L)
W, SR TN, M. AR KK, B
AL IR B2k, 254 ChIES) SR v )
(GB/T 50269—2015) 45 HiAiHSE A5 3] T Hdk .
PR =R VORI K BRI, R TRIERS
BT RS R R BT ERIL T 458

(1) BEESRZMIE, bt PIbE. =HEAT Y pER
A R A e R ZNE=S N NN S 2 -V i S 1 24
MEAE R, DUBEMI AP AR Bl s BERE (KPR R
1B 5 B A IR AN L 96 R, XA R
(A S A 2 AR A B ROVE B S5 4% 2 18] o AH
R AR E N

(2) PR = AERNPUAE (/K5 B b 5h 10 3%
R AKBEEFRAE 10~50 Hz JGHENBUA K, WEE
WEEE 2, KPR B0 71 808 REE G BEAh,
R IR [ R ) 70 ROR R UK T KRR 3 T 380%
ES (88

SE -

(1] THEH, KA, RE 5. BRI I2EMM]. b #
R 4L, 2021, (DING Xuanming, ZHENG Changjie,
LUAN Lubao. Principles of Pile Dynamics[M]. Beijing:
Science Press, 2021. (in Chinese))

2] KA, BRIERTE, Shaith, 55 Rm e TR bk
ARG M R[T]. AR 1%, 2023, 40(9): 81-97.
(ZHANG Shiping, CHEN Xifei, YAO Shaowei, et al.
Coupled dynamic responses between saturated soil and pile
systems under vertical
Mechanics, 2023, 40(9): 81-97. (in Chinese))

[3] BF X, ¥ F, W, & Pasternak JZRH1IE PR K
Bl Jym B R AT AR B D). A LRESE R, 2023, 45(5):
893-902. (CUI Chunyi, XIN Yu, XU Chengshun, et al.

earthquakes[J].  Engineering

Analytical solutions for horizontal dynamic response for pile
groups based on Pasternak model[J]. Chinese Journal of
Geotechnical Engineering, 2023, 45(5): 893-902. (in
Chinese))

[4] AR, HEIRZR, Tk, 5. REshay e T im R 2L
WS AR BAE R EATART]. A L TR, 2022, 44(12):
2187-2195. (ZHENG Changjie, CUI Yiqin, DING Xuanming,
et al. Analytical solution for dynamic interaction of
end-bearing pile groups subjected to vertical dynamic
loads[J]. Chinese Journal of Geotechnical Engineering, 2022,
44(12): 2187-2195. (in Chinese))

[5] B, BB, EAOE, & BETUKFShg #EH TR K-
=L AHELAE RO ARATAR (D). 5 - TR, 2022, 44(5):
907-915. (ZHAO Mi, HUANG Yiming, WANG Piguang, et
al. Analytical solution for water-pile-soil interaction under
horizontal dynamic loads on pile head[J]. Chinese Journal of
Geotechnical Engineering, 2022, 44(5): 907-915. (in
Chinese))

(6] Rz, Zlik, VOEA, & REME R T2
HERBESH I &+ TR, 2023, 45(5):
883-892. (LIANG Fayun, LI Tongda, JIA Yajie, et al.
Thin-layer method for dynamic impedance of isolated
foundation with cushions and its parameter analysis[J].
Chinese Journal of Geotechnical Engineering, 2023, 45(5):
883-892. (in Chinese))

(7] ERI, o0, RN, &5 bRt t-bE-tx B a5 5 A
HAE R R FE (0], A A S TR AR, 2022,
41(11): 2353-2364. (WANG Gang, JING Liping, WANG

Yougang, et al. Experimental study on the influence of soil



H T 1

N, SR RAT EAE TR SRR 7w I 8 Hr 175

properties on seismic-soil-pilenuclear island structure
interaction[J]. Chinese Journal of Rock Mechanics and
Engineering, 2022, 41(11): 2353-2364. (in Chinese))

[8] CAO X L, DAI G L, GONG W M, et al. Resistance of
saturated soil to a laterally vibrating pile[J]. Soil Dynamics
and Earthquake Engineering, 2021, 141: 106496.

(9] HEMEVE, & W, T 8, & i LR RS RS
2 A EAE RS G BRI )], S TR AR,
2022, 44(6): 979-987. (ZHUANG Haiyang, ZHAO Chang,
YU Xu, et al. Earthquake responses of piles-soil dynamic
interaction system for base-isolated structure system based on
shaking table tests[J]. Chinese Journal of Geotechnical
Engineering, 2022, 44(6): 979-987. (in Chinese))

(10] 5527, V& W, 255G, 5. SRR ik R 3 JI
HARRRED & i A BUE ). & £ TR, 2022,
44(1): 163-172, 207. (JING Liping, WANG Gang, LI Jiarui,
et al. Shaking table tests and numerical simulations of
dynamic interaction of soil-pile-nuclear island system[J].
Chinese Journal of Geotechnical Engineering, 2022, 44(1):
163-172, 207. (in Chinese))

[11] 5k H&, HBEkE, %%, & Pt SHrEEERLS) ) AR
WM E SRS A R[] &S, 2022, 43(5):
1326-1334. (ZHANG Cong, FENG Zhongju, MENG
Yingying, et al. Shaking table test on the difference of

dynamic time-history response between single pile and pile
group foundation[J]. Rock and Soil Mechanics, 2022, 43(5):
1326-1334. (in Chinese))

[12] 2, &R, 3 6 % WA+ d ERERE ) i
IS 88 CoALIR B G560 5 T BB AR BB T2 [0). A A 1%
TFE2AR, 2020, 39(6): 1252-1264. (LI Yurun, YAN Zhixiao,
ZHANG Jian, et al. Centrifugal shaking table test and
numerical simulation of dynamic responses of straight pile
group in saturated sand[J]. Chinese Journal of Rock
Mechanics and Engineering, 2020, 39(6): 1252-1264. (in
Chinese))

[13] VFRRIG, SGMSK, HAE, 55 WA - R pE S-S5
PR R BT RL Hr: KARSD & BRI BT e[, &+
TR, 2019, 41(12): 2173-2181. (XU Chengshun, DOU
Pengfei, DU Xiuli, et al. Dynamic response analysis of
liquefied site-pile group foundation-structure system:
large-scale shaking table model test[J]. Chinese Journal of
Geotechnical Engineering, 2019, 41(12): 2173-2181. (in
Chinese))

[14] SKAEE. BFEEETREM]. Jbat P EEH T T AR, 2007.
(ZHANG Zhongmiao. Pile Foundation Engineering[M].
Beijing: China Architecture & Building Press, 2007. (in

Chinese))

(ke BI4 1)

A A A A A A AP S S IIP P ISP ISP ISP P ISP PP IS ISP NINI ISP SIS NI SIS IS IS III I IS IS SIS NPT TGS I NIIINIIIINININIINININIININI

(¥ 13950
fissure-plane in Nanyang expansive soil[J]. Rock and Soil
Mechanics, 2012, 33(10): 2942-2946. (in Chinese))

4] #h &, 4RO W UL A RERIEIK AR E
PR B [I]. ANRKID, 2012, 43(21): 49-51. (SUN
Hui, XU Han, HU Bo, et al. Study on influence of fissure
occurrence on stability of expansive soil slope[J]. Yangtze
River, 2012, 43(21): 49-51. (in Chinese))

[5] ZEEED, FEJEAK, W W%, & KK TRRHEDTT
[]. A171%, 2014, 35(7): 1825-1830, 1836. (GONG Biwei,
CHENG Zhanlin, HU Bo, et al. Research on engineering
properties of fissures in expansive soil[J]. Rock and Soil
Mechanics, 2014, 35(7): 1825-1830, 1836. (in Chinese))

(6] Friftte, BakiR, BN, 5. F R A M ik
TR R AATI]. IKRIZEAR, 2014, 45(12): 1442-1449.

(CHEN Shanxiong, DAI Zhangjun, LU Dingjie, et al.
Stability analysis considering fracture distribution and
strength for expansive soil slope[J]. Journal of Hydraulic
Engineering, 2014, 45(12): 1442-1449. (in Chinese))

(7] Tk, ZH =, FERR, & WKL BARE o).
KAITR BB 7, 2011, 28(10): 102-111. (CHENG Zhanlin,
LI Qingyun, GUO Xiling, et al. Study on the stability of
expansive soil slope[J]. Journal of Yangtze River Scientific
Research Institute, 2011, 28(10): 102-111. (in Chinese))

(8] WhifEAR, A/, BB, 5. R LI e tErir
M. &4 71%5 TR, 2002, 2138 F) 2): 2331-2335.
(YAO Hailin, ZHENG Shaohe, GE Xiurun, et al. Assessment
on slope stability in cracking expansive soils[J]. Chinese
Journal of Rock Mechanics and Engineering, 2002, 21(S2):
2331-2335. (in Chinese))

(k. WD





