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Model test and numerical simulation of vertical
bearing capacity for single pile in slope

Ding Xuanming, Wu Chongrong, Qu Liming, Long Yonghong
(Key Laboratory of New Technology for Construction of Cities in Mountain Area of Ministry of Education;

School of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: In order to study the influence of slope on the vertical bearing characteristics of pile foundation,
combined with model test and numerical simulation method, multiple groups of slope conditions and
horizontal ground condition were designed to study the vertical bearing characteristics of single pile. The
vertical bearing capacity. axial force, side friction and load transfer mechanisms during load-bearing of pile
was compared and analyzed in unilateral slope and continuous slope with the same pile length. The results
show that: 1. Under the same slope condition, the single-pile bearing capacity of unilateral slope is less than
that of continuous slope, and the vertical ultimate bearing capacity of pile decreases with the increase of
slope gradient, and the slope influence degree increases non-linearly; 2. The slope type mainly affects the

peak value of the pile side resistance, and the pile tip resistance is close when the pile side resistance peaks.
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3. In the slope, there is a difference in the stress distribution between the front and back of the pile body.

The vertical stress and shear stress at the front of the pile body are larger than that at the position back of

the pile body. but the difference in shear stress only exists in the area around 0~4 times the pile diameter.
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Fig. 1 Model experiment system
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Fig. 2 Model testingconditions and strain gauge layout
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Fig.3 Top view of model pile positioning
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Fig. 4 pile top load-settlement curves by model test

DU EERH J3/kPa

2 4 6 8 10 12 14

20

40 | 40t

100

120 120

(a) MBS NI A6 (b ) Ak B0 EERE 3 53 A
#: = KF-3kN —+KF-4kN —+KF-5kN
—— KF-6kN - BHE-3kN -+ 24 kN
- BE-5 KN - RHE-6 kN
Bs AEGSERTHESHAORMNERDS R

Fig.5 Axial force and side friction of pile under different loads
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Table 1 Material parameters of numerical simulation
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Table 2 Numerical simulation conditions table
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Fig. 6 Size and meshing diagram of finite element

model (unit: cm)
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Fig. 7 Comparison of pile top load-settlement curves between

model test and numerical simulation
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Fig. 8 Comparison of side friction curvesof pile between

model test and numerical simulation
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Fig. 9 Pile top load-settlement curves of different conditions

by numerical simulation
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Table 3 Vertical bearing capacity and influence degree of

5

different conditions
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ground conditions
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Fig. 11 Tip resistance and side resistance of the piles
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Fig. 12 Axial force and side friction of pile under different loads
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Fig. 11 Normal stress and shear stress on both sides of the pile

3 it

45 A BRI AN A (A DL 5 3k L Bt T AR TR A
R AN [ ek i 28 TR R B A R ) SRR R 3 T 0L L O S
KT OEXE L WF T 1 AR T B Y e i R S8
PR W R AR T E5E

1)k 3 JE 22 60 B 25 7 38 BE T 7™ A= W1 55 52
7 A TR A A R R 38 3 2 1) 2% 16 B A 3k T 0 )
PR AR B AE T /N T R R T 5 B A 1 g R 2
AE 7 It 35 392 38 1) 8 R B e OB 3 R B 5 o 2 R
LeVESE I B YR 3G O L S R AR A ], 45° R
A T ORI B 2 3004

2 RS A A s A 00 L g 114 e R R 5 7K
M FEARARL A BEL Ty Bl 4838 K 3% 7 38 K OF 18 21 AR
SE (L Ak i L T3 I e 480 ) 304 < S8 5 D RO =
L WA AE O BEL 7 AR /D » S0 L g 1% B0 e (i
X IO F) A 9 BEL 0 R/ S AH 2

3R rh BE B i IS A7 A5 N T o3 A 22 S L 3

YL Ak B A B e 07 g B R T R T M L
RBY R g 2 SAUAEAE T 0~4 FEHEAR 0 18 2 IX 3, f
AABREAR LR DX IORE B 00 BT 17 B 22 S AR N
AAE

S %3k
(10 8RR ok X R R TR M. bt A RS th iR
#, 2008.

FENG Z J. Foundation engineering in special areas
[M]. Beijing: China Communications Press, 2008. (in
Chinese)

[2 0 XA, B4, A8HT45, 45, WL X BESOAEAE 09 AR 40
PERTSEHERELT]. 2> B SCEBHE . 2012, 29(6) ¢ 37-45.
DENG Y S, ZHAO M H, ZOU X J, et al. Research
progress of bearing characteristics of pile column at
steep slope in mountain areas [ J]. Journal of Highway
and Transportation Research and Development, 2012,
29(6): 37-45. (in Chinese)

(31 B4, s, PR, 5. & BERTS B AL U 22

BUBERE A R il S WF e[ ) ). A+ TR SR, 2018, 40
(2): 329-335.
ZHAO M H, YANG C W, CHEN Y H, et al. Field
tests on double-pile foundation of bridges in high-steep
cross slopes [ J]. Chinese Journal of Geotechnical
Engineering, 2018, 40(2): 329-335. (in Chinese)

CAJ4E4E, P, BT, 3 bR L 1) fir 0% 8 H

MG B AT TE[T] & & 1%, 2014, 35 (7).
1899-1906.
NIU F S, XU J C, MA K. Field experimental study of
transmitted characteristics of pile foundation under
vertical load in loess slope [JJ]. Rock and Soil
Mechanics, 2014, 35(7): 1899-1906. (in Chinese)

(5] 7 P60, UL, B, & 228 T B RFR

MEE AR BRI IR (], R TR 24, 2014, 47
(5): 110-117.
YIN P B, ZHAO M H, YANG C W, et al
Experimental study on bearing capacity of bridge piles
in cross slopes under complex loads [J]. China Civil
Engineering Journal, 2014, 47 (5): 110-117. (in
Chinese)

[ 6] 2850, tBIE, B4R, S5 1L IX i BERE 3 B i B b
FoRHBHME M LS [T]. P EAKSHR. 2013, 26
(2): 56-62.

GONG X B, YANG M H, ZHAO M H, et al. Load-



TR, A A e R R AR A K e B ROME AR BT A 9

bearing mechanism model test for bridge pile foundation
in high-steep transverse slope [J]. China Journal of
Highway and Transport, 2013, 26 (2): 56-62. (in
Chinese)

7] @, skpRa, sk, B 4 rdo B BT B mi K P4t

S BRI B B [T ] A b %, 2014, 35(11):
3191-3198.
GAO BL, ZHANG C R, ZHANG Z X. Model tests on
effect of slopes on lateral resistance of near single piles
in sand [J]. Rock and Soil Mechanics, 2014, 35(11):
3191-3198. (in Chinese)

(8] XV, BRafml, &%, 5. B2 T R ALk 2%

T s m R R BUET L], B HOR 5 TR, 2013,
13(18): 5399-5403, 5422.
CHENG L Y, CHEN S X, YU F, et al. Numerical
simulation for vertical ultimate capacity and influencing
factors of oblique slope pile under vertical loads [J].
Science Technology and Engineering, 2013, 13(18):
5399-5403, 5422. (in Chinese)

90 BRIk, BRYEM . ok, S AKOFfar 407 T R4 W b

ELMESLI]. DRSS IR TR, 2016, 38(3):
47-52.
CHEN Z, CHEN H W, JIANG C, et al. Nonlinear
analysis of rigid pile in slope under lateral load []].
Journal of Civil, Architectural & Environmental
Engineering, 2016, 38(3): 47-52. (in Chinese)

[10] JESMANI M, KASRANIA A, KAMALZARE M, et
al. Undrained vertical bearing capacity of pile located
near soft clay slope [J]. Journal of Engineering
Research, 2015, 3(3): 21-38.

[11] JESMANI M. KASRANIA A. KAMALZARE M.
Finite element modelling of undrained vertical bearing
capacity of piles adjacent to different types of clayey
slopes [ J]. International Journal of Geotechnical
Engineering, 2018, 12(2) . 147-154.

[12] SAWANT V A, SHUKLA S K. Effect of edge
distance from the slope crest on the response of a
laterally loaded pile in sloping ground [ J J.
Geotechnical and Geological Engineering, 2014, 32
(1): 197-204.

[13] NG C W W, ZHANG L M. Three-dimensional analysis

of performance of laterally loaded sleeved piles in

sloping ground [ J]. Journal of Geotechnical and

Geoenvironmental Engineering, 2001, 127 (6 ).
499-509.

[14] QU L M, DING X M, WU C R, et al. Effects of
topography on dynamic responses of single piles under
vertical cyclic loading [ J]. Journal of Mountain
Sciences 2020, 17(1): 230-243.

C15] i SR WF 58 Be. TR+ 45 Wi M. GB
50010—2010 [ST. dbat . E @ H Tl fiAt . 2015,
China Academy of Building Research. Code for design
of concrete structures: GB 50010—2010 [S]. Beijing:
China Architecture &. Building Press, 2015. (in
Chinese)

(16 ] g SUALAEA W E AL JGJ 106—2014 [S]. b5t
Rl A B0 Tl A R . 2014,

Technical code for testing of building foundation piles:
JGJ 106-2014 [M]. Beijing: China Architecture &
Building Press, 2014. (in Chinese)

[17] #eE, ska M. ABAQUS 7E# + TR iy i M.
Jeat: P EDRAK A A . 2010,

FEI K, ZHANG ] W. Application of ABAQUS in
geotechnicalengineering [ M ]. Beijing: China Water
Power Press, 2010. (in Chinese)

(18] sk, FLPCHE, @Mk, &5, A4 # 3k M /R 1T R

We bR R A PE DR S 1] H A4, 2014 (16)
96-98.
ZHANG ] W, KONG Q M, MA J D, et al. Study on
bearing capacity of the single pile on slope under
complex loads [J]. Building Structure, 2014, 44(16):
96-98. (in Chinese)

C1o] Wb Jm, EAL, 8L, 55, B ol e R B2 0k 56 %8 m)
AREBAFER AL I B [T]. & L TR, 2015, 37
(12) . 2308-2314.

FENG Z J, WANG H, WEI J, et al. Model tests on
vertical bearing performance of bridge pile foundation in
loess gulch slope area [ J]. Chinese Journal of

Geotechnical Engineering, 2015, 37 (12). 2308-2314.

(in Chinese)

(¥ EHH



