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Horizontal Bearing Performance of Inclined Helical Pile in
Sandy Soil Using Finite-Element Analysis

WEI Fangfang, HUA Ziwei”, SHAO Sheng, YU Weiwei, ZHU Yu
(College of Civil and Transportation Engineering, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract; On account of the complexity of the interaction between anchor and soil, the current researches
on the horizontal bearing capacity of inclined spiral piles are still unable to meet the relevant engineering re-
quirements. Based on the horizontal bearing test of spiral vertical single pile, the bearing performance of tilt-
ed single pile under horizontal load was studied by nonlinear finite element software ABAQUS, and the influ-
ence of different inclined angles on the bearing performance was analyzed in detail. The main research re-
sults are as follows: (1) When the tilt angle does not exceed 45°, the screw pile is controlled by the horizon-
tal limit displacement under the action of horizontal load. (2) With the increase of the tilt angle, the hori-
zontal bearing capacity of the spiral pile gradually increases. For the helical pile with the same dip angle,
the horizontal bearing capacity of positive dip is always greater than that of negative dip, and the ratio of the
load shared by the blades to the horizontal ultimate bearing capacity keeps increasing (for the helical pile
with positive dip angle, the ratio increases from 2.4% to 15.6%). (3) In the whole process of loading, the
plastic deformation area of soil mass is mainly concentrated in a small range on the side of the top pile, and
the soil mass at the blade has no plastic deformation.
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Fig. 1 Screw pile model and its size
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Fig. 3 Test loading and measuring device
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Fig. 4 Load-displacement curve of screw

pile horizontal bearing test
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Fig. 5 Mesh division of screw single pile
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Fig. 7 Load-displacement curve of vertical spiral

pile under horizontal load

3 (AREBRAEHE KT AR RE ST

Ry T WFFEAUARHER EATE 7 AP Ff 2R FH R 1 2
#MERE ME O A S5 UGS & 5L TREA R, A
SCETE TS [RMBR i BE SR ERE T8, 3 45° K
S R ABURE AR RE AR AR RE 23 5] R 00 £5°  £10°
+15° £30°  £45° (R} BE S 45 SR BEAE 4.0 T )
5T I e A, A S A L 5 ) K 1) A
DARE SRR} T 1] 5 7K P-4 4805 1] — B0 I, 2
Z R ) R E A SR [A]— A% S FEAE
OO oK - el fep 2. AR AR B9 ROSTh - l A ELAR
108 mm, M F & EH 4% 400 mm, M5 JE 8 mm, #2FH
90 mm, M ECK 1, K 8 m, T IRIIK 5 1R e
AEAGUARE A 2 1 164 0 55 3728 7 R 9, 98 0 RS AN i
INTHEURHEBENE I AR E |

3.1 R&EIAH
Xob b AR AN [) 45T A 49 B A T O AT R AR

P, K- 2R FH T (04SR5 B %) o7 2 -1 % 1
AN 8 fin, Bl 8 K F-1E () e m IE (1)
{UIBE R (4 7K 8%, B8 B-1E (B LR IE ()
TR JHE A A 5% i) (5 8%

MNP 8 F Al U AN TR) T80 A9 oy 48-157 F%
iR X R, R A AR A A H B I S A 45
AT A A6 A A8 /NS e T K P i 48 AR AR
CUNSENER TR 2 Wk = T H R NI B U
45°) | [Al— i 3T 1 % B RS 35 AR K, (HL I
THEAE Py 82 i) A7 % B 28 /I T X6 107 14 7K S50 8% TR it
HRUK ST BIR AN A% A A (00 sk R e BELATE 11 4 o1 1 3R 4%
P, EAI, X5 T R [0 G WA 1T 55, 1 e Wi
AP 7T W R 7R 2 7 R K T B o B A, HL B
HATA RBE R 25 (E AR K a3k S IR Ay I ft
WELTEATE () AT B B = 52 7 K LA, 5710 R
IR BR = 2 /N F ELAE, 1 52 i BIR 4= )2
B PR 25 3 B A A B st R T R A A
SC, BB R R B TR T2 S P MR A A
FPITORAE o 24 7K P fof 2 386 R, £ 000 828 e Ak 1) Ak
W =44 % A IR, A T0U457 % I 21 3k 380 7K 7 e PR
PG, BRSP4 BR A B — i ) O AT MR T A 114 7 2%
FIEF AATIR e AT, X 5 E TR R E
PR AR AR A R 0 25 TR AR —

K L3R T 1 fr RSP % il 2 A7 0 L
WE 9 FE 10 iR, X 1E Mg e AT, bE & iRt
3 WS ATE 1 K ST B R 2 T B AR
RN BE R T 1500, 2K AR 3 38 K 1 R
KGR s XoF T FSIRBEAT , 24 £ BE /N T 3000, 1 i
X IEUEAE () K P AR AR RE T RN K, M A KT
30° i, BRI AR K P 2 3 B B 09 R B K
TSI K AN T30 T SR Ak i 3] 4% BR A7 A% et
ISR R AR 28 e 1 B

3.2 BHTE

R T WFSE BRI ASTE AL, DLIEA 15° 1) 85 e
HE R, 3 BT 7K ST A0 B g 28 A - Ak g 25 2k 4
PERIAS MG . iRl 11 FE 12 s, 78K 1)
Tr B A T, 158 T MR T A A ) - R e A A A
PEARTE X 35, 3 8 4 v 7 100 s A /)8 3 T AR P
TEABT 15 F10 B T A AT A - A% e K S5 R0 PR AR B IX
SATH AR AR o0 A0 /N 0 BT - AR P, B 2 B AR
RRL ey 22k, SEEAE I 5 Ak 1) AR R e AR MM AR Y
BT E AT ] ] A A 1) A8 T B A 5 8 B S AR —
e, At T AT R T A JRL L A A 9 A8 T B (] G
0 15° i T8, 3 ELASFA i



%1 F357597 % b L BURHR A KV AR B REA FRIT B 17
TR B /KN VS RCEY S\ KPR /N
00 2 4 .6 2[% 1.0 1.2 1.4 1.6 1.8 2[0 00 5 - 10 1|5 2|0 2|5 3|0 00 5 10 15 20 25 30
o 2 TR 2l R
4t 4t AN T
6 6k
6 L
£ E 3 E st
o) R 107 R10¢
s10r Sk dnr
12
147 14+
14} N 16f ——KF-EM 6} TEEER
16— KB T R 25 18 —Z%ggﬁ
18+ 208 ----- BH-#7 0l ot Bt
(a) BE (b) fHAS5° (o) fat10°
FRPHER/KN IRPAFE/KN IKTPHHTER/KN
00 1'0 2'0 3'0 4'0 5‘0 6'0 7‘0 8'0
F 2 . ~~~~
- 4 L\ X .
L 6L \\,
: E 8f
I R10f
I 12t
_ - | — KP-E \ | — K- Ef ‘
}g ----- %ggg 18-:% :%@ }g ..... i %E%“
P — KA 20F — KE A I — K-
0L ----- E{%E-ﬁ ﬁ 23 L o-mmee k‘%g-ﬁﬁ Hﬁ 20 T B _ﬁ
(d) fiAt15° (e) HiRL30° () iglase
Pl 8 B ARHIR e B AT 28 (02 7% ih 2
Fig. 8 Load-displacement curve of single inclined helical pile
K AN =1 FRHEVEAE B EK T B4R PR E
00 _ IIO ZIO 3|0 4|0 5|0 6|0 7|0 8|0 Tab. 1 Ultimate horizontal bearing capacity of
2k N \\\ . f(s)o single inclined spiral pile
RN " TURHR I KT BRI/ kN
N N 15° 0° 14. 48
E 6 \ N . 2300 .
3\3 8r \“‘\‘ '\‘ N N 45° 5 17.93
& ot NN 10° 19,48
H% 2t AN 15° 21.45
1l VLN N 30° 31.10
6} Voo 450 51,18
sl -50 14. 44
9 IEMSURIEAE 5 2 -/K L% it £k -10° 14.47
Fig. 9 Load-horizontal displacement curve -15° 14.95
of positively dip spiral pile -30° 14. 50
-45° 15.93
K FIKN
00 5 10 15 20 25
2t : 3.3 ZHfarEsahd
2: TEAF S AR TR ABURHER e HE I 52 17 2
g gl 3k Ry A Al % B 1) i 48R S T BE B B9 £
%10- A3, FL AP AR ol ) A ) £ 28 R 2R RORZ, TR
% :i I T B BT N F2 B AT O T IRABES
ol ISR B 4 2k 751 4 T 4 0 3 e A
18t D Rl TR B KP4 PR A 8T, I R B 7K A2 B
20 - %‘Ziﬂ:ﬁi‘%ﬂyo

10 GBI EAE (14 1o 27K V-7 7 1 2

Fig. 10 Load-horizontal displacement curves

of negative dip spiral pile

B 13 FlE 14 FZ /R TN R A T IR e e
PRI AP BIR Ao 28 DA K 1 4 1L 1 i 2, 234 R T A



18 Wodb TR R ol (A R OB 2 R

PEEQ
CF: 75%)
+1.132¢+00

-
Pl 11 18 MR EATE AT A A A58 A e B A
Fig. 11 Equivalent plastic strain of soil on the

side of vertical screw pile

PEE

CEH: 75%)
+7.038¢+00
+6.4700+00
+3.8826+00
+372946+00
+37703¢+00
+4117¢+00
+3.3296+00
+2931¢+00
+2353¢+00
+1763¢+00
+1/176e+00
+3.8826-01
+2220¢-16

¥

'X,

z
P 12 TEAE 150 SERBEAHAPE AN -t A A5 AR M 1 1 A
Fig. 12 Equivalent plastic strain of soil at the

side of an inclined 15° screw pile
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