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On bracing mechanism and stability of two-row

inclined-vertical retaining piles
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Abstract: In order to enhance the application of double-row inclined-vertical pile composite support in
loess foundation pits, model tests were conducted to investigate the displacement, internal force, and earth
pressure changes of forward-inclined rear-vertical double-row piles and double-row inward-inclined pile
support structures during excavation. Numerical analysis was also used to explore the effect of pile
inclination on support performance. The results show that the horizontal displacement of the pile body and
surface settlement outside the pit are both smaller in the inward-inclined double-row pile support compared

to the forward-inclined rear-vertical pile support. Additionally, the maximum axial force, bending
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moment, and net earth pressure on the front row piles are also lower. As the pile inclination increases, the

pile top displacement, surface settlement outside the pit, and the maximum axial force of the pile body

decrease, while the maximum bending moment and the safety factor of the foundation pit increase. In the

double-row inclined-vertical pile support structure, the front inclined piles function to brace internally,

retain the soil, and enhance structural safety and stability, whereas the rear vertical piles serve to anchor,

transfer, and distribute earth pressure. Together, they improve the overall stability of the support system.

During excavation, the stress path of the soil outside the pit initially moves away from and then approaches

the failure K, line. A greater pile inclination results in the stress path staying further from the K; line.

Comparatively, the stress path of the inward-inclined double-row pile support stays further from the

principal stress K; line, leading to higher safety and stability of the foundation pit.

Keywords:  double-row inclined-vertical piles;

support performance; stability;

0 3| &

UHT, Bl R S5 R H fii 2 BT TR EE H
HAE 2R AR T A ks G
SER 2 RS BT AR GO0 S8 S A RUHE
ELHE, BCHER B L A S AP S5 M TEA BRIZ TR Pl
WILEE J7 1 B LA 34, S R Fe e 5 2 el B
Tt

HAT, O A 85X SR ARG S a5 1
RIAT T —eBFgE, JAFE R A5 I R = A AR
55, o3 HT TR - B4 A AR SUHE B 7E (0 AR 4 i
Z ISR KW RHLR, IR IR AR R
RIS, ST T A [R) PR 28 X6 i HE AR 04 %) OCHE AR T
VEPEIRAOREN -4 i 2518 3 1o B R 3 06 2 PR, XL
HERMEAE 42 Fnsfe 2ot f2 vp 7 B K 2218 WE G2
TR /N A LA A A — e A, H AR 5
T BB 5B S B S 2 B, A0 ARk SUHE AR AR 85 4% B2
T EAGHENE S PR R B 47, B A R E L 2 R
W5, JIANG Yuenan 25" 3l b BOIE B & B, w0
Ja HEURHE TAERE A 51, SORRCR Z AR S
J7 s, BrHER S HESS B A SR i R
PEHE, YE Jinbi %51 3 o 5 AR 7 X 6 0 4
R I, FEFHZ R Gz B b, SUHERMIE AR 45
T4 28 XUHE T B A R HE R R A SRR S 4 P g
T H B AR N 8~ 16°, Br Mg i i Kl
RLALUFN IR 7 S & B, Wi e EORCHERE S R R 7E
RV TR PSR S, WU Yibin 25 F] H
FLAC™ B AF53 8T T ACHEURHE SZ 3 IR SE S0 F #2 4
IR S5 AR R AR EE A 10~ 1508, RHE A
RS, SRR By, P i RO TRy
M BETRBEE 12 m 5T T AR R OGS HE R S 3, 45

model test;

forward-inclined rear-vertical double-row piles;

numerical simulation

SRR A AR B A T AT RO R R el
SCPEER AR T o I A 7R R AR L b X R TR
10 m FEHTTAE 2R A AT HERHE 5 )5 HE AR & 3¢
LR T IR, A IR EOUCHRAE 4 3R] 4
REAT RO/ N B 2 8% R Beoh A TR

Zi b RCHERE ELEAR J — o 2 A S 5T 52 4 45
W IETREPE A T —ERRH, (H AR L]
HIBREFEE A ST I, 28 00 AR R 0 A
AU, 7 BT RHPEAFf X OUHERE B AL 5 SCIm 24 2
N1 BTN R | i 7m XCHERE EAEZH
B SCITAERLE, DU OUHE R BR3P A
S IEGTR AN FR SE RS S

1 EfHmiFEEEAE

1.1 ERFEHR

PRI LA AL EE A 1:20, FEHT 5 7E 1. 22
mx0. 77 mx0. 97 m ( K xFE x5 ) FIALEE 31T, H
PURCAFF AT AVRE I 8] — 23 — A 1 R, miRk
Ji EDBCHEAE | SUHE PN R E S 97 45 48 5 FH Bk i 35 oy
4 HLRIEMBLA R 15°, HEMEIFESA 100 mm , 36 HIHERY
MR AL ELARE FAR AR A5 1 AR MR A A R s/ N
BN, FEUTFHZ ) 5 ), e FH AR B RS 5 3 A T 42
FHFE RS 8 400 mm <385 mm, 15 76 42 5
VEE 1A 433 W I bE T K S 5% |, 5ot 3 45 A5
BES ANE PR (S,—S,y) W FR DU . XN R
WE S EEFR LR A S, T ZE s, 1) AMER IR A 14
S,.S; .S, Fl Sy, HFE S, B ES 435124 80,200,400
600 mm, HiAHE ELWHENE S 3 25 M e i 4 S 1 T
TEERE R, M AMEIRAGE S, S .Sy .S, HLlH S, AYHE
B[R RE K 80,200,400 ,600 mm,

BYUFZ 5 2 AN B 5 1 BB 4 25



bR e B o

<62 - China  Safety

Science

$35%
20254F

Journal

=y~

==
=

E1 R
Fig.1 Model test diagram
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Table 1 Physical and mechanical parameters of loess
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Fig.2 Pile horizontal displacements with excavation
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Fig.4 Curve of pile bending moment with

excavation depth
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Fig. 6 Net soil pressure on piles during excavation
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Table 2 Physical and mechanical parameters of

soil layers
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ZRIE+ | 3.00 14. 60 21.00 16. 00 2.20

Bt | 3.80 15.40 18. 00 12. 00 8.20

W E5E | 3.40 18. 00 28.00 15.00 | 16.70

¥+ | 3.80 18. 60 24.00 | 13.00 | 17.20

W+ | 18.00 19.10 35.00 17.70 | 21.30
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Fig. 10 Maximum settlement of ground

surface verse pile inclination
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Fig. 12 Pile axial force verse pile inclination
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