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Bearing behavior of inclined pile for transmission towers

in loess soils under immersion
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Abstract: To improve the application of small-angle inclined piles in collapsible loess areas, finite
element models of 2X2 pile groups with three different inclination angles were established. The modulus
reduction method was employed to simulate the collapsibility effect of loess, and the influence of loading
and soaking sequences on the bearing characteristics of pile groups with different inclination angles was
analyzed. The results indicate that, based on the conducted tests of 0, 10 and 15° pile groups, under both
loading-before-soaking and soaking-before-loading conditions, the displacement of the pile cap and the
settlement of the surrounding foundation soil are smaller for inclined pile groups compared to vertical pile
groups. Moreover, the inclined pile group is less affected by the water-induced collapsibility of loess.
However, the bending moment and shear force of the inclined piles are higher than those of the vertical

piles. Compared to the loading-before-soaking condition, the soaking-before-loading condition results in
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smaller pile cap displacements and soil settlements but larger internal forces in the inclined pile shafts.
Additionally, the shaft friction of inclined piles is smaller under the soaking-before-loading condition.
Inclined pile groups with larger inclination angles demonstrate superior load-bearing capacity and resistance
to loess collapsibility induced by soaking. Pre-soaking treatment of loess foundations effectively enhances

the ultimate bearing capacity of pile group foundations.
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Table 1 Physical and mechanical properties of soil layers

B R | Aok | RAERE | WREE | R | R | SRR | SO gﬁg AEE |
S BE/m | %/% |[(KN-m7) [ (KN-m?)| fLBL | B/% | #/MPa | R " /K/[Pa RS | RAM
L, 5.2 16 14.3 17.2 1.19 36 6 0.8 4.8 0.017 0. 085
F, 6.4 16 17.5 19.0 0. 80 54 30 0.8 24 0. 004 0. 025
L, 10. 4 17 17.0 18.7 0. 86 53 38 0.8 30.4 0. 006 0. 040
F, 13.8 17 17.6 19.0 0. 80 58 30 0.8 24 0.015 0. 025
L, 19.9 16 16.5 18.5 0.90 48 15 0.8 12 0. 030 0. 040
F, 21. 4 16 17.5 19.0 0. 80 54 38 0.8 30. 4 0.015 0. 020
L, 26.5 16 16. 8 19.0 0.93 47 18 0.8 14. 4 0. 020 0. 030
F, 27.4 16 18.0 18.3 0.75 58 30 0.8 24 0.015 0.015
L 33.3 17 17.2 19.3 0. 84 55 27 0.8 21.6 0. 020 0.023
F 35.2 17 18.5 18. 8 0.72 64 54 0.8 43.2 0.015 0.015
L 39.0 17 18.5 19.5 0.72 64 48 0.8 38.4 0. 007 0. 008
F, 60 14 19.0 19.5 0. 66 70 80 1 80 0. 008 0. 004
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Fig.1 Measured and simulated collapse settlements
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Fig.2 Finite element calculation model

2.1.2 iE-TEE

Xt BRIC AT, B — - 22 ] 22 fio 1 79 4 B 1
R4 BT B SE . ABAQUS $2 filh i AH B FH 43 vk
) FIUD ) R 34T R o 24 Ak T (DA [R] B R, 75 1]
o7 7 38 2o 2 ik T 22 0 ) 240 SR R A i ik e T Y
2 o 1 B0 i A A O TR sF 9 1) 07 7 WU TG A 2
B2l T 0] 072247 Ry i P R AR TR 204 4 il i A



hoE e B o

- 172 - China  Safety

Science

H35%
20254F

Journal

I Bzl 7 B T R A% D) 1) 0 ) OB IEE
F1, FEEETI/INT AR BRAE RS, ABAQUS WIS Ay 422 fink v
Ab T BEEEARAS ; BRI R TR BRAELAS DU oA 42 fi
A7 BUAR X S A8 R 22 i iR

ABAQUS $4A5 BRI Sl A1/ INE Bl 2 Bl fih SR 125
Tk o ARSIk SR fiuast B2 b A W b )
FE S DBk T (4 W — 3 03 A T B, SCrp B
M BAUAEAR S SR Z B HEEAOC R, i
TEREI B R A AN R 1hT , D T B R 0, = |
YN TD 1Bt YA NN i
2.1.3 BRFHEMIBRID

TR - A R AN 1A 29 SRR i 5
(U1=U02=0) , [RIFEARJE AT A #3520 0
MBI R(U1=02=U3=0),

Do s %) 50 5 o o PR M B AR R
R, 2% ZHU Bin % IFST , BLBLRRE R
SR AL AR R 53 BN ik B 5 b 4 A BR TR AL 1
S AT SRIT, S8, A TS A 14
i TET 49 3= T O A A B 2T /N DT
2.2 HESEMAR

BEBI T R W R 2, 5B 1A (TL) FsE 2 H
(T2) 356 43 1 i o b L B 4 78 KARIB ZR S T
AP0 038 e A SR A 3R T v, RSN PR A& 3R H 556 3
ZH(T3) 320 6 XoF FF A 51 30 it i % 1) nf 28 & 0. 5V,
HARFFAAS BBt K F a2k 2 0. SH, , 457K
Ao 2 R V58 1o ff AN AR I DL 45 B - b SRR KR
B 5 565 4 4 (T4) 56 791 e o) b 3 8¢+ VR IR K AL
FEAR A TS AN 0. 5V, U8 i) ff 28 9 F 85 A28
Bt K- 2 2 0. 5H,,

x2 HEEMAR

Table 2 Numerical simulation schemes
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Fig.3 Load-Displacement curve of pile group
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Fig. 4 Load-Displacement curve of pile cap
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Table 3 Center displacement of cap mm
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Table 5 Pile bending moment kN « m
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AUHERE| 55 36 -49 | -62 -55 -85

JEHERE| 112 38 99 109 83 121

3.4.2 #8EA

K18 2 LA hES 8y s fbth 2, AR,
i - T2 K I e el AT HERE BT 0 (B34 K s HERESY )
W/ BEBRIG I, 35 ) M S R s A m
3, ANEHIHENEL 2 5 HENE , 7551 7K 51 /Y bk £
ST BIARIN A8 A RO BT T (RO

2 BT T BEE BT TR L LR 6, HHER TG
TNz JEE K LA, Je iR /K G R Lol EREAEbE S
B0 N ARERERE B 59 390 15 RHERE Y B i
K, AT S HEAEST T 435386 K 142% F1 52% .,

x6 MWHHN
Table 6 Pile shear force kN

T8 0° ELAEHE 10° BT 15°REHEE
fik% | Sehng | JelRoKk | dehndk | Sk | semgk | seiRak
HIHERE| 399 229 | 548 | 588 438 664
JaHERE| 369 160 | -357 | -385 | —-165 | -397

3.4.3 HHEEMREN
ARHATE [v] — A TR P A A - 22 SR SO ] PRI JBE
BHL3 o34 BE IS % >R T 23T 58 REEATE B 1 247 JBE
BHT g, SRAM AR B i 251k .
Qi—l - Qi
q,; = ML, (3)
. Q, M ¢ B AL Akl s Mok R A T
K5t Js -1 B i O A E
&l 9a &l 9b A e 485 182 7K 200 T Ak 22 BH
J1Asfbith 2, MIE 9a 18] 9b AT LA, FifHEAT AU B
BEL 3 387 DAy T 1w, JEE RT3 /N BT 4 4851 £ 34 DR T i/
R R ELTE 0.2 ~0. 3 AHXTIREEAL 12 KIRFE R
SRR EE B T3 98/, far 24 TR 5 HEAE Bk o
0. 3 AHXFTRIE LA It B 67 28 BH ) L6 26 A B fhil 7 3
KIMTHG R, 1=K MR T BOH b3 67 e BEL ) i — 20 4
K,0. 5 AHXFIR BE LA 3820 1F [ B BH 7 ELFE & BE &
B A7 3 T K

By FI/kN
-400 200 0 200 400 600
0.0 — : g
/d./
0.2
% 0.4
m 0.6 —a— {Xﬁuﬁj‘iu=0°
H -a- &IKJGa=0°
‘ —e— {Un#oe=10°
0.8 : T’ —o- BKFe=10°
W —— fUn#Ro=15°
(a) BUHER: SR JE 8K Lt
BIIKN
-600 —400 200 0 200 400
OO T 7 AI T =T
02+
% 04
& N
z
&) 06 (—e—DUMEe=0 |
=S| ~ o- BIKJFo=0° \
+111]D$ﬁa=1033
0.8 = o- BIKJFo=10°
—a AU 0=15%
Lo L a- BKJGe=15
(b) JEHFESE N F 1R K T
BYJI/kN
-500 250 0 250 500 750
0.0 g ——% A
L
0.2 vy
ﬁ-%( 0.4
= 06 I
i . —=— RIKJFa=0°
038 - o- UIN#ERe=10°
: Ly —e— E7J(E(X:10°
- a- fUn#Ke=15°
1ot oy —a— B IKJFe=15°
(c) RTHFMESRIR KSR T
BY S1/kN
-400 200 0 200 400 600
0.0 % T B T T 1
ir
02t i
3
® 04
'
ﬁ 0.6 Gk — o-— ﬁﬂﬂ?ﬁazo"
jﬂ . —. ‘E?K)ﬁu:y
0.8 T - oo {UN#EHe=10°
’ Ly —e— BIKJEa=10°
-2~ fUn#EKe=15°
1ot —— BIKJGe=15°

(d) SEHFESER K E R T
B8 tHEHHANTLiL

Fig.8 Variation curve of pile shear force
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