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Abstract: It was a common to determine the uplift and lateral bearing capacity
respectively and regardless of the interactions in pile practice, however, it would
certainly not reflect the reality of piles. The bearing capacity of piles under uplift and
lateral combined loading was studied through the field experiments and numerical
simulation. The results show that the influence of the combined loading on the bearing



capacity of piles is closely related to the ratio of uplift to lateral load. As for the piles in
this paper, the combined loading has little influence on the lateral bearing capacity
when the ratio is less than 2, however, the lateral bearing capacity would be obviously
weakened when the ratio is not less than 2, and the degree of weakening increases with
the increase of the ratio. The uplift load displacement curve under the combined
loading basically coincides with that under the uplift load. However, when the loading
ratio is relatively small, the piles would reach the failure standard earlier in lateral
direction, which would lead to the failure of fully exerting the uplift bearing capacity.
The reason why the lateral bearing capacity is weakened under the combined loading is
that the pile would drive the soil around the pile to pull up together, which lead to the
decrease of proportion coefficient of soil resistance coefficient and the increase of pile
bending moment. Under the combined loading, the vertical earth pressure of the
compression side would increase due to the compaction of soil and of the tensile side
will decrease due to the separation of pile and soil for the upper part of pile due to the
lateral load. However, the vertical earth pressure of lower part of the pile shows the
opposite trend due to the rigid rotation of the pile. The soil cracks in the failure area are
distributed in a fan shape under combined loading, whose range and distribution and
failure mechanism are quite different from that under uplift and lateral load,
respectively. The influence of combined loading on the bearing capacity of piles is
objective and cannot be ignored.

Keywords: road engineering; combined loading; field experiment; numerical
simulation; bearing capacity of piles
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Table 1 Physical and Mechanical Parameters of Soils
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Fig.12 Cracks Development of s2 under Combined Loading
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Table 2 Material Parameters Used in Models
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Fig. 13 Finite Element Model
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Table 3 Ratio of Uplift and Lateral Load and the Ultimate Load

iR sl s2
AR5 KPR R G A5 — 1:2 1:1 2:1 31 5:1 10:1
A 4k 2550 —— 555 981 1824 2484 2700" 2645"
PR /KN
KF  —— 994"  1010° 981" 912" 828" 540 2645
Jincs s3 s4
AR5 KPR B 5 AL 1:2 1 21 31 5:1 10:1
B4k 3952 —— 494 963 1812 2520 3520  4012"
T PR e KN )
A —— 1008 988 963" 906 840" 704"  401.2

Ve SIS 5 BT AR R 2 T AR R O AR, S5 AR 8 L XS R 2L
HIE 14 (a) 45a3R 3FIAL W THERR Bk Re, Bea b T, HEEEAERIR
Ay 3 PR T B AL 1 2 15 5 B pt b SO BN O DRSS A E s (H TR A R, 24
FIRGACF BRI LEBIA KT 5 I O T s2 bk, iZELBIY 3), L RIZK-fif AL BB A5 A 8
PLBRCRI S AR ¥ SEAE 7K P J7 R R BB AR, AR JEAE E 307 18 ) AR E I AN RE 7870
KAE, RIAEZR 3 P HIN I 0 LR Bs A o 2/ Bl b 500 38 A BB A 28 o

HE 14 (b) 456K 3051, MBA Mk RSB e /N 2 15, AESEE K
7 [ R AR ER e 1A 5 BN 3R A ] s 243 EE AR /INT 2 B, ARSI /KPR 8 ) I S5
FISS, LB 55 I FE R A 1 L B3 ORI B s a0 s3 MR AMUKCSE INERET,  30mm X R
IKPEE 7129 1008KN, s4 F 1:1 Fl 5:1 BEE NERES, X R 7KF & J1 7378 963 704KN
T 82 Bto 4 ERGACEINE ELBIAR/NT 5 B, B RI_E SR AT B A i 25 b EL s e K,
I B S AE 37 AR BB AR T, AR S AE K SF 5 Tl B AR R B I AN RE 7R 2 R AE, RIUAE
% 3 R BLI AR A 2R MR /N T B AP I B IR T 3. 455 3% 3 s2 AR
INFur g, HEMD T s2 AR UL EARME b4k AKCPREIIIRER 0 RAE, BA MR ELEA 4:1
KA

BRI, ik ACPERE IR LA R, X ik ACFRESEZEE AR, Btk
s KT R AR BE T A —EBES T 70 K dE s BAR. ACFERE B LIRS, AR KT



ABTHIRHISS, BB RIE: R2, B LRI R RIE, I LR
ALK,

(a) _bARATHALFE 25 (b AP ERAL S 22
Bl 14 BR-AH 8 [F 0k LA ey B L8 B 2%
Fig. 14 Load Displacement Curve with Different Loading Ratio under Combined Loading
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