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Abstract: Based on five groups of ten-pile indoor model test,
considering the influence of lateral load size and its loading
position, the vertical bearing capacity of the single pile under
combined loads in sandy ground are studied. The results of
model test show that without regard to vertical load,
horizontal ultimate bearing capacity decreases of the single
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pile with the height of the point of application by lateral load
apart from the ground increases, while its magnitude is
reduced gradually. The settlement of pile top increases and
vertical bearing capacity decreases with the increases of the
pre-applied lateral or moment loads of the single pile, and its
effect on the magnitude is dependent on the lateral load. The
vertical load produced a P-A effect when it was applied after
the lateral and moment loads, which causes the horizontal
displacement increases and the ultimate horizontal bear
capacity of the single pile decreases. The experiment data
indicate that the horizontal displacement at the top of pile is
positively associated with settling volume of single pile, tip

resistance of pile.

Key words: sandy ground; lateral load; moment load; model
test; vertical bearing behavior
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Fig.1 Comparison of grain size distribution
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Tab.1 Sand parameters of model test

e BE AR FLEL NEEMA  RAEER
r/(KNem™) /% e /() Esi2/MPa
FR+ 19.0 29.0  0.832 26. 2 12.57
PR 4 18.8 29.3  0.801 25.5 12.55
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Fig.2 Schematic diagram of test loading system
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Tab.2 Parameters of model piles
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Fig.3 Plane layout of model pile
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Fig.4 Lateral load-displacement curves of model piles
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Fig.5 Variation curve of ultimate lateral bearing

capacity- length quantization
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Fig.6 Vertical load-settlement curves of model piles

under the same lateral and moment load
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Tab.4 Lateral load, moment load and settlement

of piles
ws P21 P31 P41 P51 P32 P42 P52
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M/Nem 0 0 26.6 48.8 0 39.9 73.2
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Se/mm 1.15 1,21 1.38 1.63 1.83 2.35 6. 38
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Tab.5 Horizontal displacement of model piles under

the same lateral and moment load

e P31 P41 P51 P32 P42 P52
ho/mm 0,570  0.760  1.310  1.332  1.570 2.300
ho/mm 1,100 1.345  1.996  2.156  2.818 4.450
IR/ % 93.0 77.0 52. 4 61.9 79.5 93.5

HE s ho SARTAN I M) 765 BB B9 B0 LG K TS 5 b DB 1) 7 BaA
BB BRRAS (3 300N B Ik o A

ME R LR 0 T B &7 4K F A8 Y

BAME R, 5 ) e 2R 1 R - O A 7= A B K O
%%, B P-A RO AR R 6 A8 10 e i — 8
B4 7K S A A Ay 3R B, A=A T — 22 B UK O
PR o 22 S LA I i i 214 S ST RE N » P-A KO8 TT 4R
B ARMKE MBI —F KR SHER, KFEAL
RS ROHE A, 15 BAMEE R /N R K i 2R AE T i 6
I BRI 2 SRERAR T B4R (1 7K S
W BRARE 1. RAFATERZ A G B HEN T, 4
FEAE = AR B KV B8 38 B — 2 (E B, /E 7 ZE A
) ] i 20 MR 1 3 K S A57 RS RS2 1 R, X SR
(4 025 o] ALK OV AR R T B & 7= AR AR K B 55, 33X %t
DU SRl AR 32 R385 R 7 W B , 4030 3 B 30 (4 AT
Vg TAR W FEAE LA R AR BN IR 21T + 5 8% T
RGBT B 2. R K B #2 B A8 (L L
B A R AR T AT o R 2R P A L, B A
P52 WSEHEN MK V-far 82 P31 19 1. 05 5. A% 4k
A SRS RS RTE YA N G A B 4. 04 £5, VLR LS
R 2 B T 2 W b 388 T AT 7K 037 8% 5 %o 4
PRI AR /N R Ee g, B RIAE P51 4 S8 i i
HI7KF-fiF R P41 19 0. 92 £, /BB W
SERGH RS 00 1. 83 £, Xt I A4 4 AR BR 7K - az
BHiESNEEER L 72 55 1. 48 4%, KB
BIBGIR IS, 0 ORI RE P52 F1 P42 AR EUE,
A AR, R TER RS aRIEA T, 3
E ) LR AP B B 2 B R, BT 7= A I Al = iR bt
FIHLEE K, I B 1 ) i 25 ok AP K S B P 3 K A
FMe BEAR. P52 55 AU f) 1 [ 1 PR AR R 1 88 B AR
BRI/ (RO B A A BRBH B R I /K1 RS 4
M ERAE PR AR B KBRS S, A U2 ) for 2 7=
AR 2 P-A BN, 7 1 55 8 ) AR 2 T 4 I,
A AR AT AR B AR, EEBIE 8 A
WIHRFN A BR AR 25 7K S 57 85 » H: AR Ak 31 A e 1 2 Ak
P31,P41,P51,P32,PA2 1 P52 [ AR K 36 K, i
HIRGSCAMTL, ZEHE W) A S8 R T B AE T, A A
AR A4 DT R 0 AR IR 84 O 5 10 B 7K S R o5 4 oy 3 ) 4
R it BT R e 5 M R R AL P A R K A RS
TEAHSEH.
3.4 IKFFNTRE TSR S dh o7 4 I BEL 7 A0 A
B 7 B B iR B8 A R R S A

& 9 % [m) FFARAE 3 000N I 448 75 ok 4y ok £
B0 B B 10 S AR AT Bl AR v O 2 BH
kg

M9 FTLLE H - BT (T 5 Sl g 43 7 i 42
JEABL, 350 BH 7K S 701 A iy 20 A B T 7 £ 33 5 T



EioM

BB RS B P A B A BT SR ) AR B DT T 1523

AR TER—WES BT W85 il B R B
P21,P31,P41,P51,P32,P42 1 P52 B 74K Ik 1
R X FIBETIK PR R FIPTRE R LR A — B £
JER R St B g R AR A B 7 AR B Y TR B
R R RS IEAR G 1Y, B LAAE Bl 0 i B Ak R 5
PUREAH—Z.

HES B T1/N

1200 1800 2400 3000

0 600
T

9 BEfFEA 3 000N S Ao HE
Fig.9 Axial forces of model piles under 3 000N
vertical load

HEAMEERE 77 /kPa
0 2 4 6 8 10 12 14
A :.:m T T T 1
02F
£ 04r
=
g 065 ——Pp21 ——P31
®ogl P32 P4l
B —— P42 —— P31
= 10F —e—p52
12+
144

10 B EfrEh 3 000N BRIt EERE /1 & 9 7
Fig.10 Distribution of pile side resistance along model
pile shaft under 3 000N vertical load

M 10 BT LLE - TSGR KO FO 25 A6 1 2
XA B b F A BE 0 A R s . R SR T
M S/ NTF 0. 50 m B, A BEL ) 25 500 88 K5 17 24
M B HRVR KT 0. 50 m I, 7 AR ASE 20 Ak i) 00 2 L A
JUPFARTA B B ARk, 1 BH 7K S 2 0 iy 2800 B
A0 25 BEL 7 ) 5 e B — 8 TR BRI [, E AR D
AR LT 10 AEAEARTE B LU, R B A 5 3R
/ANT 0. 50 m B, AR BH ) B A i LA AE P21,
P31,P41,P51,P32,PA2 1 P52 (IR FEAR UK/ » 31X
F B F Y R RIAE 0 A T0 AL RS AR IR 3 K, B8/
TR [l e A AR, BT IR/ T AEABE 7. 1 = A
RERUME P52 FEHRIR/NT 0. 50 m B AR BEL f /)8
AP A T 0. 50 m B} R A S I K, X FEER
SR 4B E AR 3 000N A, B AU P52 B4R EMK

PRI m) 7K 27, MES TR B 78 00 K 3E. B
SRR i 2880 A N BEL 7 9 52 el 3 A, Bl AR B gk
P21,P31 F1 P32 (4, = 2 T 56 M0 i 7K SF- fir 2
4351k 0, 348N F1 522N, P32 MK ERE K P31 #
L 5%, 7EH LA T 0. 20~0. 35 m 35 BBl P , Mgl 2=
FH 7 P31 % P21 /b 3. 46%, P32 % P31 3% />
9. 16 %6 , Ut B A 7K1 i 2R P 48 A, A7) 288 BHL 7 988/
R K. S0 B ey 2T M REL 7 By S e 43 5 BL 3
FERIPE P41 F1 P51, PA2 FI P52 (%4 X P 4H A5 7
Rk 1) 7K ST T 24 T T 5 4 ey e 22 38K, FE b TAT A
T 0.20~0. 35 m JEE AN, P51 3 P41 W/ T 7.
76 %, P52 3% P42 Wi/N T 12. 38%. 136 B 25 4 By 34 K
2 T FOEMI BEL 7 B9 08/, % B K - RS A ey 3R
e [RGB 7 4 2, D) AT LA TR 3% R
fLHEFF.

Bl 11 SRR KEMEE AT, bhimkE
FIRE AL 2k B 12 RE 11 BB
B[R] fAr AR R 3 000N B, 2B U Ak fry A s BEL g % L.

12001
—— P21 —o— P31
1000r —e— P32 —— P41
z 800l —* P42 —O—Ps5l
_E —— P52
o 600+
E 400t
200
O - 1 1 1 1 ]
0 600 1200 1800 2400 3000 3600

B /N
B 11 EEREREA- S EErE T 2

Fig.11 Pile end resistance-vertical load curves

of model piles

850 820
| —=— AR

HESRE /N
~1 ~J o]
g & 8

(o)
o
<

(=)
(=)
(=)

P Pl pSI P PR P9
BB

12 BEESSH 3 000N BHE RABEHEHE 7

Fig.12

-
(N7

Pile end resistance of model piles under 3 000N

vertical load

H A 11 FIE 12 A1 2 R [ i 37E 0~1 500N
TN AR AL IS 7 ARASE TR A ) A v KL 7 i £ 301 F B
& ULHTE B/ MY B T B AE T » K RIS R A 3
i AR Ak S KL P A A R R . S R ECOR T



1524 Rl ¥ k2 2 WE KRB 2B

Bus

500N B , & AU Ak i BHL 7 B £ TP 4R 43 25 BREE
2 [ i 2 VT G R, X 4 A S ) 8, 16 WD KO- A
5 Ry X A g B 7 5 M) 1 e 4 2 2 1) ey R R/
AEOC Y. ARS8 ) 707 20 I A S R v A o BEL ) 3
- BB e K 5 % WA ) iy 200 285 B o ki L
FHAFBRBRAE. BF KEE BT T R ) far %
TREBREKEFLEETESZE T e BAZ 3
B 48 AR A s B R ) 25 & # B AR B T, )
B BT Z B S IR SE I A AR PR, A vk I
T K T ) A7 R AR R P21, HL R ) A PR AR
k3 300N, Bt Ak i BH 77 2 750N, Ak s BHL 7 Ak 48
(8 1 ff 2R 2 1 25 D6 o SRy TR (R EE ST AE. JKOV- RS
FETT AR 77 B AR T B0 B b 000 R B g ) , i
W ) far R[] T A% 38 . e 24T it v BH 7 i3S, (H
SR TR FE 4y R AR, ELE AT 12 W R BOEE , o)
HUTEAH [R) 8 ) ff R AR T, BSTHE M T /K- FO 4R
Ty B R RN , oMk s BE ) 3040 0% 1) 2 A P21 K
eI Tr BN F AL B A R A, KR fr 38
o RSB 7, A& 12 Bias, P32 SREHL S 4% P31
AN 11, 4%, P42 455 PAL #8911, 7% , P52 % P51 H
012, 0 %%, BT T, 7K S 701 25 ey 26k 4 ot 5 75 Ak s 4
HTEZHE N k. IR 12 Jrl g BE s i3
KI5 8 v 7K 85 8 R % — 30, B B K
S-S S i 3 2L T Ko A i BEL 3 ) B o i P
ERETRAKSFAL RS IR 2C.

4 HitE5RE

il it = AR, T TR R A MR T
(AR B AR, BRI FIREEANT -

(D AL B RERMELT . &K
ST AR RO BRI, i T B T B A, B
A B 7K 1 A PR 2R 38 3 H e R AR {1 W B 78 7 0
N R R AL B T R A O — Ab PSR B, BE
F AR LB AR B3, B K AR PR AR 2
TIZ AR TR BB %, 45 BN 58 F
K765 AR FH A5 (S %o AR R ) B R AR S E S

(2) 7KF- 375 R A B HR) 38 R, 3 o T BT
IER P18 DA, 0 T BB A o A PR AR 37 R AR 7K
S R AT KT AR i) AR BT O R M R P S A
LK -1 BRI/ NAR S 5 24 7K P 235 B AH B AL B 7K
PR BRAR B STH 0. 5 AR X PPN A4 B3 AR

(3) BSCHE AN B 7K - 025 S f AR 7 AR 2K - ar
R S P IS5 18 o 2 22 B P-A B50RE . 38 P

KL RS B 38 DRI - AR B B AT K S
AT R ) P I X B AP T 2R ) 32 M 7 38 TR R A Y
IR IEA K.

(4) JK AV FE AT A A A X MU TET LA T 10 A4
2t BB PR BRI ATE DN BEL T3 0 A A A3 R R T R P £
AU B 77 I8 2 A TS A% B4 T /. 7K S A1 25 4R
At 58X A7k i L 7 P9 82 W R B 5 HL 7 AR A THUK Y-
FEAE R/ EM K.

TRV R Ay AL R T S o A e 1 1] K
AR A R W A A 2 5 N, TXPH AR G RN Y R TR
2 BE AT LT A THUK -2 B DR/ e 1 b, HL — 3%
IEARSR. EXTFHEET KIS R B K
(08 i 5T BRRR BE A B A0 e B AL I R An R AT |
M5B — 2 B ER AR B 5T,

Sk :

(1] s ARIEFMETIARERE4. JGJ 94-2008 AFIAE S A

HAELS]. e HEEF T H AR, 2008.
The Professional Standards Compilation Group of People’ s
Republic of China. JGJ 94-2008 Technical code for building pile
foundations [ S]. Beijing: China Architecture and Building
Press, 2008.

[2] BFER, XIF4H, B, 55 b2 b m KPRt [

AT WEIRRAER ] & TESM, 2015, 37(1):
183.
ZHAO Chunfeng, LIU Fengming, QIU Zhixiong, et al. Study
on bearing behavior of a single pile under combined vertical and
lateral loads in sand [J]. Chinese Journal of Geotechnical
Engineering, 2015, 37(1): 183.

[3] Sastry VV RN, Meyerhof G G. Behaviour of flexible piles in
layered sands under eccentric and inclined loads[J]. Canadian
Geotechnical Journal, 1994, 31(4). 513.

[4] Sastry VV RN, Meyerhof G G. Behaviour of flexible piles in
layered clays under eccentric and inclined loads[J]. Canadian
Geotechnical Journal, 1995, 32(3). 387.

[5] Sastry VVRN, Meyerhof G G. Flexible piles in layered soil
under eccentric and inclined loads[J]. Soils and Foundations,
1999, 39(1). 11.

[6] GUOW D, GHEE E H. Behavior of axially loaded pile groups
subjected to lateral soil movement [ C//Foundation Analysis
and Design: Innovative Methods-Proceedings of Sessions of
GeoShanghai 2006. Shanghai:[s.n. ], 2006; 174-181.

[ 77 Karthigeyan S, Ramakrishna V.V G S T, Rajagopal K.
Influence of vertical load on the lateral response of piles in sand
[J]. Computers and Geotechnics, 2006, 33(2): 121.

[8] MEA4E, ZHH, HUE, %, RERE PSR OTET 3
M AHT]. B F2E, 2007, 28(4); 670.
ZHAO Minghua, LI Weizhe, YANG Minghui, et al. Analysis
of single piles under eccentric and inclined loads in layered soils
[J]. Rock and Soil Mechanics, 2007, 28(4): 670.

9] ME4, 260, Bumsl, 5. RUBME PR S SGEA



EioM

BB RS B P A B A BT SR ) AR B DT T

1525

[10]

[11]

[12]

[13]

[14]

[15]

FRFFE T SEL)]. TR S%, 2008, 25(5): 79.
ZHAO Minghua, LI Weizhe, SHAN Yuanming, et al. Behavior
analysis of piles in layered clays under eccentric and inclined
loads by improved finite pole element method[ J]. Engineering
Mechanics, 2008, 25(5): 79.

FE, SRRl MEA. Eshm 2 AR IR 5 0B I
RS ]. &+ TRSEW, 2007, 29(5): 650.

ZHOU Jian, ZHANG Gang, ZENG Qingyou. Model tests and
PFC2D numerical analysis of active laterally loaded piles[]].
Chinese Journal of Geotechnical Engineering, 2007, 29(5).
650.

Liang F Y, Chen HB, Chen S L. Influences of axial load on the
lateral response of single pile with integral equation method
[J]. International Journal for Numerical and Analytical
Methods in Geomechanics, 2012, 36(16). 1831.

RN, EWE. BUR L AN B T AR B A R e AT
(7. &L H1%, 2009, 30(3): 680.

ZHENG Gang, WANG Li. Finite element analysis of bearing
capacity of pile under inclined load in layered soil[J]. Rock and
Soil Mechanics, 2009, 30(3): 680.

BEX, T4, 88,5, L RmfSEmeE Tk
FARBAERBHRL]. &6 0¥ 5 TR¥R, 2013, 32
(1. 184.

ZHAO Chunfeng, WANG Weizhong, ZHAQO Cheng,

Lateral bearing capacity of single piles under vertical and

et al.

moment load in sand[J]. Chinese Journal of Rock Mechanics
and Engineering, 2013, 32(1); 184.

RER, XFEE, R, S B PR R ER R A R A
mARBEHEREEBTRL]. &0 15 TR, 2016, 35
(S1): 3323.

ZHAO Chunfeng, LIU Fengming, YANG Yanzong,
Study of bearing capacity of a single pile in sand considering the

et al.

mud cycle time[J]. Chinese Journal of Rock Mechanics and
Engineering, 2016, 35(S1): 3323.
BHRA. LR SBR[ M]. R RNE T R¥

[16]

[17]

(18]

[19]

[20]

HifAE, 2005.

YANG Junjie. Similarity theory and structural model test{ M].
Wuhan: Wuhan University of Technology Press, 2005.

i A R EFT AR ER S 4. JGJ 106-2014 B EMEHR
MEARBAELS]. b3 PEEF T BARAE, 2014

The Professional Standards Compilation Group of People’ s
Republic of China. JGJ 106-2014 Technical code for testing of
building founding piles[ S]. Beijing: China Architecture and
Building Press, 2014.

FLEATR, IR, FPWE—, 5. S5 R [E]RR N B A £ R R i
FRKBAR]. AL THRSM, 2009, 31(12): 1913.

KONG Ganggiang, YANG Qing, ZHENG Pengyi, et al. Model
tests on negative skin friction for pile groups considering time
effect [J]. Chinese Journal of Geotechnical Engineering,
2009, 31(12). 1913.

BESE, 8k, XzR, % B ATLEE A AL RS R B
BFR[I]. AT, 2011, 44(10); 107.

DAI Guoliang, DAI Yongxing, LIU Yunzhong, ef al. Study of
pile group effect coefficient for super-long bored piles[J].
China Civil Engineering Journal, 2011, 44(10): 107.

RXEARE, B, B UE, 5. BUE s P AR L A BT A
MRS E R BB R )], L ART RS, 2006, 39
(12). 95.

ZHAO Minghua, LI Weizhe, YANG Minghui, et al. A model
test study on displacement of piles under inclined and eccentric
loads in layered soils[J]. China Civil Engineering Journal,
2006, 39(12): 95.

BEX, B85, PEE, §. RERRKSLELESERHE
BRI T, HA %S TREM, 2009, 28(5):
1020.

ZHAO Chunfeng, LU Jia, SUN Qichao, et al. Experimental
study of load transmission property of large-diameter bored
cast-in-situ deep and long pile in different soil layers[J ].
Chinese Journal of Rock Mechanics and Engineering, 2009, 28
(5): 1020.





