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Experimental study on shaking table model of six piles with large diameter

and variable section in different thickened soil layers

FENG Zhongju', LI Yuanpeng', WANG Wei', ZHANG Cong', LI Zonghai’,
ZHAO Ruixin', WANG Siqi'
(1.School of Highway, Chang’an University, Xi’an 710064, China; 2.Xiamen Road and Bridge Engineering Investment and
Development Co., Ltd., Xiamen 361026, China)

Abstract: In order to study the dynamic response characteristics of six-pile foundation with large diameter and variable section in
different layers of liquefied soil, 5010 waves with ground motion intensity of 0.15g, 0.25g, 0.35g and 0.45g are selected through in-
door shaking table model test based on the solid project of Xiangan Bridge in Xiamen Second East Passage. The dynamic character-
istics of saturated sand pore pressure ratio, pile acceleration, pile bending moment and pile top horizontal displacement of six pile
foundations with large diameter and variable section are studied when the thicknesses of the liquefied soil layer are 30, 40 and
50 cm. The results show that the acceleration and bending moment of six-pile foundation with large diameter and variable section
change abruptly at the interface between variable section and soil layer under different thicknesses of saturated sand layer. Under the
same soil thickness, with an increase of ground motion intensity from 0.15g to 0.45g, the pore pressure ratio of saturated sand, pile
acceleration, horizontal displacement of pile top and pile bending moment all increase. Under the ground motion intensity of 0.15g,
the stable value of pore pressure ratio of the six-pile foundation decreases with an increase of saturated sand layer thickness, but the
horizontal displacement of pile top, pile acceleration and peak bending moment of the six-pile foundation gradually increase and in-
crease. It is suggested that in the design of large diameter variable section pile foundation in liquefaction site, special consideration
should be given to the dynamic response difference of six large diameter variable section pile foundation under different thickness of
liquefied soil layer, and pay attention to the flexural performance of the interface between the variable section and soil layer, so as

to ensure the seismic performance of the six pile foundation.

Keywords: pile foundation;six piles with large diameter and variable section; shaking table test; dynamic response; saturated sandy

soil
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Tab.1 Technical parameters of the shaking table
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PN RIE 30t
S5 K e (L WX Y 1.0g, 211 0.7g
o R A P R AE X.Y[]:50 em/s, Z i) :40 cm/s
RO R AE X.Y [ : 80 mm, Z[f] : =50 mm

L5 75 SRR RN Ll DA B AR TR SO0 A R 1 iR
2 LM 3.05m(K) X 1.7 m(5%) X 1.8 m(&) Ay NI
PER AU AR 8 o A AR A DY R R 20 mm JE A9 7
T, A IR 6 2o o bR U S B AR R . SR Ik B A
AT RE X AH BN FE g 5 A 78 0 K 1 A
PEN 38 R ORI A o O = AN TR X
Pl 2 Ay A R A 7

K2 BAAER R

Fig.2 Schematic diagram of model box
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Tab.2 Similarity constants of experimental physical

quantities
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Tab.3 Physical and mechanical indexes of model soil
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Fig.5 Particle grading curve

2.3.3 WEMKEK

M4 12 TR 9 B 5 445 00 3 IXC 1 b 7 2
Sy VI EE e it b i 3 B8 W {H hy 0.15g. 12 40 6 HX
B TTAE 7R 2 T A 2 B TR 3 i b 5 4 4 R VE A
A5 ) b B R TR A R N T A L 5010 3, B
SO4F B AR 10%0 . EMb R BB AN T2 T,
X HCHE AT L B A5 0, 45 G 0 (R BE 43 ) Dy
0.25¢.0.35g.0.45g, HyE I 4n &1 6 fir 7 o

0.20
0.151
0.10F
0.05F
0
=0.051
-0.10
-0.15F
—0.200

& / g

10 20 30 40 50
B 18] /s
B6 0. 156N

Fig.6 0. 15g seismic wave

2.4 KB ITRENKTHERIZ

BRI 50 2 T AN R MR sh iR T, KR
A5 48 T 7S W FE Atk 43 B F 30,4050 em AL £ 2T
7N AT S il 14 st o R AR a6 SR A RS A% B
SR TR AL RS ik A2 S 28 0 Sk B o s
78 0 A B N AR LT 1 U X A
B, T AR BEFL K St DA R [ 5 5 A b 2 %
YERF HARFLBK R S o 78 b far 2046 0T, BEBE
w3 AT R AT B R A 2 R /N R R R
AR SCHY 5% AR TR A ) TR AR AL R R 3 1) B
Sy B R AN 7 R Oy XA B e

RN E E BAkERE T IRKE
- A e IR @ TN e B MATRE L 0O

¥

>

7 B S AR AR B (A7 em)

Fig. 7 Layout of model piles and test elements (Unit: cm)

3 EhAMmMARES

3.1 fLIEEE

AT AL+ 2T O [R5 b VR
3PN TR T T L b AS A R an 1 8 1 9 T o

1 & 8 Al A, [l — Ak + 2 B B AN () b 7R Bh ik
FEVEHT LR H AR A HU R SE A AR ] . 1 7% I8 WO
6 0 B L B A (B 7E 22 05U I B A R R Y
R LR L S B i KAR 5t T A, LR b ik
#) 0.8 0F, R ARTE WAL, Rl — Wik R R
AN TR i BE RS AE R, LR B RS R (i B 25 i 2 Bl ik
JFE 3 R3S K . DU AL £ 2R B 30 em B R ]
i 52 Bl 5 B 43 5 o0 0.15¢,0.25¢.0.35g . 0.45g I, fL
JE H iR 2 {43 %R 0.73.0.81.0.84.0.87, X J&[H
Sy Wt 72 B i B A 1R, b B AL R OK R ) e
B[] P ok N B HE S B0t R 2 L AR E
fH3E K

ORI, ] — Hb AR5 B R, B WL )2 R
JE R, L b R I W JE M. DL 0.15g Hb iR 2
98 JIE A9, WAL A R R 43 00 2 30,40 .50 em I, £L
JE H6 43 S AE 10.3.10.6 . 11.3 s JF 4 it e 48 i, a] DL B



553

0 A AN [ JEE R VR A )2 DR AR A T S A At 2l A B BT 5 599

TR B InFL R B R B S . A — R
SRR, BE A WAL 2 R EE R R, L HE AR E A
W/ . L 0.15g M2 Bl i B SR ), Ak b )R R B 4y
51k 30,4050 em B, FLFE H A B fE 43 518 0.73
0.64.0.61. 41 AP T WAk, Bt 1R RS 12 2 )R
JE 3, FL B K B HE 27 20 BRI, S BCFLBR K R )
K, 2008y a0 W R R AR TR
K, [m AL be B R (B AR /I o AR FIED + 2 5 i 1
4 S BORAL 2 KRR 1 T RE B ORI RE Y
R M, UG H 2 A ARD £ 2 R R B in AL
Fb ) 52 1)

1.0
0.8F
2 0.6
#
st
™ o04f
021
0 . . . .
0 10 20 30 40 50
IR a] / s
(a) it JEE30 cm
(a) The liquefaction layer was 30 cm thick
1.0
08} vy N S
ik
UM |
e 0.6
=<}
o |
™04t
—0.15¢g
02+ —0.25¢
—0.35g
——0.45g
0 1 1 1 1
0 10 20 30 40 50
Irf[a] / s
(b) Wit 1 Z/F40 cm
(b) The liquefaction layer was 40 cm thick
1.0
081 W Vit VRV
JIRORY | o
Tty k‘h\ w{‘m‘“ﬂ“ﬂ S ——
e 06T
=<}
—
o041
02r
% 10 20 30 40 50
B[R] / s
(©) it L EES50 cm

(c) The liquefaction layer was 50 cm thick
K8 AR LZEETMSLELL
Fig.8 Pore pressure ratio under different thickness of

liquefied soil layer

1.0
0.8
R 0.6F
=S|
..
™04}
ool —wEBEREE m
— AR )Z F 40 cm
— WIS £ E S50 cm
o 1 1 1 1
0 10 20 30 40 50
EN TN
(a) FLIE AR
(a) Pore pressure ratio changes
o 0.73
07r 0.64
06k 0.61
-
05t
ﬂg
2 04+
=
 03F
oz
0.1t
0
30 40 50
A+ EEEE / cm

(b) FLIE bR E HAR LA

(b) Changes of stable value of pore pressure ratio

K9 0. 15g R 3R T 1L 1L
Fig.9 Pore pressure ratio under ground motion intensity of
0.15g

3.2 HES HNiE N M

ARV AL £ )2 SR BE AN [R) 3 B b 7% i 3 b
AN T T 058 A B ik AR A R G 181 10 I/ .

H & 10 W], 4% 2 B R , R A% A4 1 7S
AP S5 il ATE B o R 347 ER A i A A TOUA R K TR —
A7 A B 0 T R B A b R S R R ) 0 3% R K
A B o B e 5k KA AE B A 2 3 A8 FE A+
JE B, FLAE A )2 28 5 1 R AR v A R A SR
W A, W T AT B o sl A T A R A O AR S
K] Sy 5 T ATE AT A H DR AR /0N, - A R I 0 5
T B JROR R B . DA B B B AR [ £
J2 B AN [R) HLAE 4 T A AR AR R RO A
+ 2 RIS RGN BRI A R AR 55, HLAE
REAE T A WAk 5 BRI, Ak 2 00 b 7R D 1Y
R AR FH B 58

Hy & 10 W] 0, Bl 2 Ak 2 R B 8, R
A8 78 A8 THT 7S AR 5 Al AR T B BE XA MR B OK . DA
0.15g Hb 7% 2l 58 B o 1), W Ak £ )22 I8 B 43 51 2R 30,
40,50 cm B}, BF 5 Jin o W {5 78 BE T AL L 43 00 Sk
3.74.3.85.4.00 m/s’. X & TR & WA+ 2R
F 180, 5 KA AR 1 2 R B 0N, A 4 2 X A
B 29 oA DR 55 o [, 7E b 2 sh i 2R AE T L T
b 2 R B 3G 0 S SO e RO B A KO
AR BEJE B F B A MR A IR Bl R



600 £ I N - 7 %38 &

WAL 322 40 e K H AR B S BESEREBE UM EE - 3.3 HHEE

B e £ )2 30 em F K 0.11 m/s*, ¥ Ak £ )2 50 em o e

0.15 m/s>, T U, | [t 2 W Ak, - J2 JEL B ity L e 145 7 25 3ANAS TR 00 A B 25 4E AR AL R A0 18T 11
AR T 7 A7 2 il A B o 8 3 W 22 K

-10 ¢ 4 / (KN * m) .
0 D 30 60 90 120 150 180
—10 - ﬁﬂﬁﬁ/(m *+s7) ] - I I I I +I0.15g|
op MRt - 025g
20 + ——0.35g
10}
g 30 —+-0.45g
20+ o
% 40l
§ 30 AR+ = 40
K 40l AL A 501
:E 60 -
50 |1 —=—0.15¢
- ——0.25g 70 HRRATE B A
r ——0.35¢ K-
701 —v-0.45g 50 e -
4 .. (a) AR E30 cm
30t Bl 2 Ha U (a) The liquefaction layer was 30 cm thick
(a)¥ =230 cm B 255 :
(a) The liquefaction layer was 30 cm thick 12 30 Z)?E g(()N ln;)() 150 180 ]
—10 - bu&)ﬁ/(m +s7) — ol e 0.15
0 wAR -+ ——025g
10} 20 —4-0.35g
§ 30l —v-0.45¢
20F >
g ¥ 40
2 30y =l
® AR - 50 |
40
=S| XA R A 60 F
50T —=—0.15¢
60 | ——0.25g 70 + (R Ak sy
I ol go L % et i
70 —+-045¢g y
N ‘ v i (b) Bt L EE40 cm
(b) B+ E40 om e (b) The liquefaction layer was 40 cm thick
(b) The liquefaction layer was 40 cm thick -101 BHE/ (KN * m) —
“10- ISEE / (m + 57) _ " O 30 60 90 120 150 180
2 4§ 810 ol
AR+ .
10+ 015 20 ——0.35¢
—a—U.
= 20 —0—0.25§ § 30 T 04%
5 30t —-035¢ ¥ 40t
K 4ol —v-0.45g i s
H TR+
50 — 60 |
50l 5B RALTE R 2 N
0 L7 BRI
701 80 - = —
80~ A (c) Witk L2550 cm
©) Witk 2 E50 cm (c) The liquefaction layer was 50 cm thick
(c) The liq(ugfaction layer was 50 cm thick 120
10 130 cm 040 cm 50 em  105.9
_ 130 cm [0 40 cm 50 Cmg518_7_gﬁl _loor 94.3 87‘9‘7._6
4, I D g 7.4
g 8 7.407 61775 . 80t 724 71 158
< 5.936.04 < 60.4
P 6F 5.76 g 60 [ ) 492
i
8 4743400 w4073
= w
= 201
= 2
= 0
o 0.15 0.25 0.35 0.45
HEBGRE /g
0.15 0.25 0.35 0.45 .
= (d) BRI AR
B /g v ] t
() AT P e A e ariation of peak bending momen
(d) Variation of peak acceleration of pile top B 11 5010 P 1E FH T 7 A 3 fili Ak B 25 5 28 Ak R A
110 75 S A A B ikt B AR Ab B A Fig. 11 Variation law of bending moment of six-pile

Fig. 10 Changing law of acceleration of six-pile foundation foundation under 5010 wave action



553

0 A AN [ JEE R VR A )2 DR AR A T S A At 2l A B BT 5 601

SRR = 8N N - R Y - A (A 2
SER A B 2 28 R P R T 2 A i S 1A KU 0N, L
A B 5 R U A 38 7 A T R RD 2 R KUk s 1 )2
Gy Al . O TE R S TR AR A £ AR
L o N o O R 1 w1 B A N e -2
HXT iz 3, H bR Rk AR B SR B S AR A K, [H]
— {7 A B i b AR S i B Y G 0 3% T K
LA AR AT A 7 A e A PR O AR T A AR AR A
BE S 1 P25 W 22 SRR 0 B R AR R Ak R

M 11T, 0.15g R S5k T, ik 25
JE 43 51 R 30,40 .50 em B, K B AR AR R 1 S A S b
W B 25 %6 0 (5 43 51 K 36.2.38.3.46.0 kNem, 1] L) &
[l — M R SR BT, bl A 2 R B R,
R LA 7 R THT 7S AT S5 Al AT B S A {1 X 34 T K
WAL 2 40 em K AR A8 48R T 7S A S A 2 0 1 4K
WAL 12 30 em K B AR AR 48 T 7S M i At 2 i R
2.1 kNem, B 1k + )2 50 em K B 42 28 #5157~ e 5L Al
25 U 9 VAL 1 2 40 em K B AR AR T S B L A
AR W K 7.7 kNem . 1] UL Fifi 25 Ak 2 R R
T, B AR 7 R T 7S A R il 2 e 0 G AR R L [
BT DL Y B 25 1 N 1 2 R A B4, A S
I KAE WG K o 302 PR AR D + e Bk 2 o R 1
BAVEH N EA WL, HAfE—E R N EE R E b5
N = 950 by N o N 187 N30y NS o 1 =
AT RR ISR,

3.4 tHTKFEAME

AN ) 5 B M R AVE R R IRl A 2 R A
3 AN T T AR T0 K S5 8% o5 R A B A8 A FLEE 4
& 12 FF s o

120750, 4 £ 2R E T, M & R sk g
) 1 R, R L AR A AR T 7S W Al ) A T K P67 S B
KAEH B E AR K . DLtk + 2R 30 e b 4], 76
b 7% W% 5 B 43 1 A 0.15¢.0.25¢,0.35g . 0.45¢ 1
BF A il ™ 2B B AL #% B R (E 43 0 o 0.8.1.2. 1.6,
1.8 mm. Ak 228 B2 4300 2 30,4050 cm I, LA
Hh 7% %5 BE 0.15g S ), 7E AR TR R B A% AR R
T 7S M JE Bl AT T00 K S 437 % U {E 43 5 A 0.8 . 1.5,
2.8 mm. Al LLFE W, [F—HZ P EEH T S
WA 2 B R A S O, R AR 7R T 7S A il A T
I B WEAE Y B i 1 K . WAk )2 40 em R A&
7 AT 7S BE S b A T K T A B U (E B Ak 1 )2
30 em K AR AR A I 7S A 3 BB T AP 437 A% UG {8 K
0.7 mm, W fk 12 50 em K H 428 A48 # 1 7S B L Ak AE
T007K A0 B W {1 55 I Ak £ 2 40 em K B 48 78 B8 1T 7S
A S5 it A T K S 2 A I (R 1.3 mm, AT UL, B 6 W
4 )2 JEE B BN, R AR A T N B R A S e g

HE R 2SR

5

[ 130 cm 140 c[7150 cm in
£ .
i 3.4
K 3t 2.8 3.1 2.9
g ' 2.4
& oot 1.8 1.8
B L5 L6
% 1.2
B 110.8
A

0
0.15 0.25 0.35 0.45

HERERE /g
P12 ZSAE SR A T5K P37 3% foe (B 78 f ML
Fig. 12 Variation law of the maximum horizontal displace-

ment of the top of six piles

4 ZRKEKIFEEN

BT RAVR 3 & 15, % b 5= U AR R AN RS
JEE A 2 R B AR A A TR 7N A S il 50 g Wi R
Br A3 PU R 258

(1) M= sh AR TR, Bl A 40 A £ 2 8 K A 3
T, 2 J= GRAL B FL T HE AR T 6 M N e S T AL .
B R AR SRR B3, FL s AR 2 E AR/,
JZE B0 5T 5 BN A R R ERE ) R RE .
WA B R R D L 2 R R B n kAL Y
S

(2) A [l H A 4 22 68 E T, R B A A8 T 7S
Rl ) A B o e R 2SR A A AT A S 3 S T Ak
KHGEAE RIS 7E 0. 15g 3 2 3l 5 B2 R, Bl 45 16
b 2 JRE B A HE T, 7S A S A B VUK - 62 8% BE B
TN T e 5 R W {4 8 R L4 R R

(3 [F—LJRIE BT, B 7= 35k B2 /9 3k
PR RVED AL b R AR A AT 7S A i il 4 A £
B BETUK 00 B BE S R O SRR AR
IR R AR AT S A R A ] LA AR 1 )2
AL, T B AP 2 B e AR R A BE ) 1 A Y
LA IS

(4) BB WAl 2 T8 B 3 R, K B A 7 T S A
L0l B SRR A R AT E TR A . R
e T2 TR Y DX IO 3 L s B AR B i ke 2 ) 7
A, 25 T A AR G O B 22 DR R O B 4
il SSEAE rE et NS NN VA Wt R TR S
3 S AR A SR E RE AT, ORI K AR AR N R
FLAl A DT RRVERE

2% Xk

[1] DONG Y X, FENG Z J, HU H B, et al. The horizon-

tal bearing capacity of composite concrete-filled steel



602

& @ L

%38 %

[3]

[5]

[6]

[8]

tube piles[J]. Advances in Civil Engineering, 2020,
2020(1): 3241602.

FEAGAE, EARTE, TR MG e , 45 A 52 5 0 Dy s Il ( 1)
(V). R TH 5 TR 30, 2021,41(4) : 70-80.

TANG Weijian, WANG Dongsheng, ZHANG Peng-
yang, et al. A review of the seismic damage history of
bridges (1)[J].Earthquake Engineering and Engineering
Dynamics,2021,41(4) :70-80

SRHE 2, WEARAE, RIS 2 E B AT A b AR AT AL
5 R gT (T]. MR TR 4R L 2015,37(1) ¢
82-87

ZHANG Yanmei , PAN Zhenhua, ZHANG Hongru , et
al. Research on mechanism and dynamic characteristics of
composite foundation with multi-type piles[J]. China
Earthquake Engineering Journal, 2015, 37(1): 82-87.
WGE, AR YR A5 O AR S A T AT L 9 R el
PERFSE S R LT ). A A 028 5 TR 4R, 2021,40(2)
419-431.

TAN Jie, WANG Kuihua, TU Yuan, et al. Velocity
wave attenuation characteristics of large-diameter vari-
able section piles and the application[J]. Chinese Jour-
nal of Rock Mechanics and Engineering, 2021, 40(2) :
419-431.

b, E AL BRI, S R R AR T AR T A T
R By Iy we O 28 S [T ], i A2 3l R A 4l , 2024, 58
(7): 1086-1096.

FENG Zhongju, WANG Wei, ZHANG Cong, et al.
Variable section single pile and group pile under varia-
tion of seismic subsidence soil layer dynamic response
difference [J]. Journal of Shanghai Jiao Tong Universi-
ty, 2024, 58(7): 1086-1096.

A M, RS S A b 25 R B AR
T 55 0 ) A AR T K SRR S R (T A A
T2 5 TR, 2017,36(2) : 496-503.

WANG Kuthua, GAO Liu, WU Juntao, et al. Dynam~-
ic response of a large diameter pile considering the inter-
action of variable pile section with surrounding layered
three-dimensional soil[J]. Chinese Journal of Rock Me-
chanics and Engineering, 2017,36(2) : 496-503.

TR SC . M AR TR AT A o J2 KT B2 M A g 25 i i
SrprlT]) R TS TR S), 2016,36(3) :102-110.
GAO Xinwen. Mechanical response of horizontal loaded
pile in liquefiable soil under earthquake load [J]. Earth-
quake Engineering and Engineering Dynamics, 2016, 36
(3):102-110.

LR WA E R E SRR T W Ak -
T AR AE S M EAE LT B R S DR,
2021,21(17): 7299-7307.

FENG Zhongju, MENG Yingying, DONG Yunxiu, et
al. Nonlinear dynamic interaction characteristics of pile-
soil in liquefaction site under strong earthquake[J]. Sci-
ence Technology and Engineering, 2021,21(17) : 7299~
7307.

FENG Z J, HU H B, DONG Y X, et al. Effect of

[11]

[12]

[13]

[14]

[15]

[16]

[17]

steel casing on vertical bearing characteristics of steel
tube-reinforced concrete piles in loess arealJ]. Applied
Sciences, 2019,9(14) . 2874.

R A RS IRAN, AR M RR AR AR R A R
A T A B e (). W R K R (R R R
fi), 2023, 50(9): 109-118.

FENG Zhongju, LI Yuting, CAI Jie, et al. Earthquake
subsidence characteristics of soft soil under earthquake
action and dynamic response of pile group with variable
section[J]. Journal of Hunan University (Natural Sci-
ence Edition), 2023, 50(9): 109-118

BRI AT, A R AR T R A B A T W AL
PERER YR 30 5 1050 [ T]. S2id 18 i LA 4iR ,2021,21(4)
72-83.

FENG Zhongju, ZHANG Cong, HE Jingbin, et al.
Shaking table test of liquefaction resistance of group
piles under strong earthquake [J].Journal of Traffic and
Transportation Engineering, 2021, 21(4): 72-83.
TN, E AR, T8 . T 7 MR T R il b R S N
DAL B AR BER BRI L] 6 A 028 5 TR
#,2023,42(1) :212-223.

LI Yurun, YAN Zhixiao, ZHANG Jian. Seismic re-
sponse of pile group foundations in liquefied sites based
on centrifuge test and numerical simulation[J]. Chinese
Journal of Rock Mechanics and Engineering, 2023, 42
(1): 212-223.

RS, WK, IR T, A5 T Ak 3 b B B AR B m
AR FE[ )] PEIb bR 2440, 2011, 3334 T 1) 81-84.
TANG Liang, LING Xianzhang, SU Lei, et al. A
modified m-value method of bridge pile foundation in lig-
uefiable ground[J]. Northwestern Seismological Jour-
nal, 2011, 33(Supl): 81-84.

ST BE KT I R A 230 TR A SR R 1Y 3 7 2
(1] £ 91%,2009,30(5) : 1504-1508.

CAI Keyjan. Dynamic response of pile foundation under
horizontal resonant vibratory loads[J]. Rock and Soil
Mechanics, 2009, 30(5): 1504-1508.
XUEL, E A, oK A R Wk b b R Al 7R v 7
BrlT] £ TR, 2015,37(12) : 2326-2331.

LIU Xing, WANG Rui, ZHANG Jianmin. Seismic re-
sponse analysis of pile groups in liquefiable foundations
[J]. Chinese Journal of Geotechnical Engineering,
2015, 37(12): 2326-2331.

VR, SIS, AT, 45 WAL A i3 R e R
R B A BB R T [T, A £ 1 %%, 2019, 40
(10): 3767-3777.

XU Chengshun, DOU Pengfei, DU Xiuli, et al. Large-
scale shaking table model test of liquefiable free field[J].
Rock and Soil Mechanics, 2019, 40(10): 3767-3777.
sfdE, R, =GR, 45 BTG AT R R 3
Mo LR R 5 — T AR B VR T Ak B 25 0 A AL T
FELI] A 5 5 TSR, 2020, 39(4):829-844.
ZHANG Jian, LI Yurun, YAN Zhixiao, et al. Study

on the distribution law of the bending moment of verti-



3 0 A AN [ JEE R VR A )2 DR AR A T S A At 2l A B BT 5

603

[20]

[21]

[24]

cal and batter piles in saturated sand under cap and soil
coupling based on frequency analysis[J]. Chinese Jour-
nal of Rock Mechanics and Engineering, 2020, 39(4) :
829-844.

FLAERR Al T, 5 WAL T - & - 45
AR EAE R sh BB h e [T]. o £ AR A,
2011,33(H4 ) 2): 143-149.

KONG Desen, LI Chunjie, LING Xianzhang, et al.
Shaking table tests on pile group-soil-structure interac-
tion to seismic loading on liquefied ground [J]. Chinese
Journal of Geotechnical Engineering, 2011, 33(Sup2) :
143-149.

B TR ARG A TR R HAR Y IR AR Bl )
py MR AFAE AR 5T [T]. 7= TR 224, 2019, 41(4) .
916-924.

GAO Meng, YIN Shi, XU Xiao, et al. Characteristics
of dynamic p-y curves for large-diameter belled piles in
liquefiable sites[J].China Earthquake Engineering Jour-
nal, 2019, 41(4): 916-924.

T, A, TR R R A A O8N ) L
WA FRICA BT [ T]. 55 42 J1%%, 2004, 25(7) : 1045-1049.
SHEN Ting, LI Guoying, ZHANG Weimin. Effective
stress finite element analysis for seismic response of
deep pile foundation[J]. Rock and Soil Mechanics,
2004, 25(7): 1045-1049.

R R IR IO, & R 1 3 O O AR A A
BE 3l Jy w57 Re M B BIF 5T LT 2 #% , 2023, 68 (6) -
233-241.

FENG Zhongju, WANG Zhihao, ZHANG Xiao-
guang, et al. Study on dynamic response characteristics
of large diameter variable section pile group in soft soil
field[J]. Highway, 2023, 68(6): 233-241

ZHANG C, FENG Z J,GUAN Y H, et al. Study on
liquefaction resistance of pile group by shaking table test
[J]. Advances in Civil Engineering, 2022, 2022(12) :
1-12.

X REAT- . IR AR 7 T AT Ml 2 A T A T R A Y
[J] i T AR, 2017, 46(3EF) 1) 48-51.

LIU Zhongping. Study on the setting of variable cross
section of large diameter pile with variable cross-section
[J]. Construction Technology,2017,46(Supl) : 48-51.
e, EIRAR RN, A SR AE T WAL A
TR A L5 25 A T A 1) 8l g wig o % LE 2 B [T 5 i
T.#, 2022, 38(3): 59-69.

FENG Zhongju, WANG Yiran, ZHANG Junbo, et al.
Comparative analysis of dynamic response of pile with
variable section and pile with constant section in lique-
faction site under earthquake action[J]. World Earth-
quake Engineering, 2019, 38(3): 59-69.

PRIEDC, 22N, EALR, &5 J 1 A0 1 L 4 10 3 7 S
FEy A 5P [T]. a0 T2 5 TR 51, 2005, 24(21)
66-77.

CHEN Zhenghan, LI Gang, WANG Quanmin, et al.

Analysis and evaluation of seismic reaction of typical

[26]

[27]

[28]

[29]

[31]

[33]

foundation soils in Xiamen[J]. Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(21): 66-77.
AR, SREREE, SR AT O SR 00 8l )i e
A5 R ARARRLOC R R R [T]. sk TR 5 TR R
3y, 1994, 14(4): 64-71.

HUANG Weiping, WU Ruifeng, ZHANG Qianguo.
Study on the analogy between scale models with less
ballast and their prototypes under shaking table test[J].
Earthquake Engineering and Engineering Vibration,
1994, 14(4): 64-71.

DONG Y X, FENG Z J, HE J B, et al. Seismic re-
sponse of a bridge pile foundation during a shaking table
test[ J]. Shock and Vibration, 2019, 2019(12): 1-16.
ARapT . BORLIR BE 1 B AR ) 2 R RO S 4
Mt s [Tt A TR, 2016,32(4) : 277-283.
LI Luyu, GUO Wei. Experimental research on basic
mechanical properties of microconcrete and its influence
parameters[J]. World Earthquake Engineering, 2016, 32
(4): 277-283.

MR R R, w05 REMR 3 5 U R T 3 Y
Bl I3k (7). 454 TR, 2015,31(5) : 116-120.
YAN Xiao, YUAN Juyun, YUAN Yong, et al. Study
on model soil of large-scale shaking table test[J].Struc-
tural Engineers, 2015, 31(5): 116-120.

Faki A, kg FALI G5 BB S A 5 F AT LAY AR
A bR MR E R R BESELT] A £ )27, 2015, 36
(5): 1328-1332.

WANG Zhijia, ZHANG Jianjing, YAN Kongming, et
al. Model soil design considering similitude of dynamic
constitutive model and evaluation of similarity level[J].
Rock and Soil Mechanics, 2015, 36(5): 1328-1332.
PRI %, B A, 25 4 e it T AT R T AR R ) 52
Tl ge s [J] BRIEH ST, 2013, 53(8): 9-11.

MIN Zhaoxing, JIA Yanmin, LI Jinlong. Experimental
study on vertical force of pile group under construction
load[J]. Railway Construction, 2013, 53(8): 9-11.
A X4 22 R AE BE G 52 A 0 A AL 08 F O
[J]. TR %, 2011, 39(3): 6-10.

XU Yali, LIU Zengrong. Model experimental research
on mechanical characteristics of large diameter over-
length pile-group foundation in loess[J]. Geotechnical
Investigation &. Surveying , 2011, 39(3): 6-10.

B e HRE 2T AT, A SRR AR T A AR 4R D T
feAR 8 G [T]. W5 IR Tl R %4k, 2019, 51(9):
186-192.

FENG Zhongju, DONG Yunxiu, HE Jingbin, et al.
Shaking table test of saturated fine sand liquefaction un-
der strong earthquake[ J]. Journal of Harbin Institute of
Technology, 2019, 51(9): 186-192.

& — 1 bR (1965—) , B 4, Hd%,

BIEIER: K

E-mail: ysf@gl.chd.edu.cn
B (1994—) 55 fl A Pk .
E-mail: zhangcong@chd.edu.cn



