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Abstract: The double-row pile system without a connecting beam is challenging to implement in practical
engineering because of its complex load characteristics and the lack of a standardized model for soil pressure
between piles. To better understand the stress characteristics of double-row piles and to efficiently calculate the

inter-pile soil pressure, this study used the numerical simulation software GEOS to investigate the impact of pile
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row spacing on the stress of piles. In addition, a new method based on the theory of limit equilibrium of rigid
bodies was proposed to calculate the soil pressure between piles easily. This method calculated the residual sliding
forces of the front and back rows of piles separately, and then sequentially removed the front and back rows to
calculate the remaining single-row pile residual sliding forces, which are used to calculate the soil pressure
between the double-row piles. The results showed that when the spacing of pile rows is between 25 and 6b (b is
the length of the short side of the pile section), the residual sliding force of the front and rear row piles is almost
equal. However, the difference between the maximum internal force of the front and rear row piles increases
gradually. As the pile row spacing increases, the sum of the pile thrust of the double-row piles initially increases
and then decreases, while the thrust behind the front row of piles remains almost unchanged. This variation is
primarily influenced by changes in the thrust behind the back row of piles. The optimal spacing for the double-
row piles should be between 2b and 4b. When the spacing of pile rows is between 2b and 6b, the front pile
rear thrust in double-row piles is equal to half of the sum of the single-row pile rear thrust and pile front resistance
at the same position. Similarly, the rear pile front resistance is equal to half of the sum of the single row pile
rear thrust and pile front resistance at the same position, with a maximal error of only 0.07%. Comparison with
the original scheme and the existing studies shows that the results are consistent with previous findings, validating
the reliability of the calculation method presented in this study. In conclusion, this study provides a valuable
insight for rapidly determining the optimal spacing of double-row piles and calculating the soil pressure between
piles.

Keywords: double-row anti-slide piles; binary slope; rigid body limit equilibrium method; optimal piles row

distance; soil pressure between piles

Tt AR AR L AN B SRR - XA
Yy, B LR b BRI RGBS, R O A B — 2L,
WHFR N LR A B R R ) e & i
BN X I b A A A (R B ) )
FHERBR 22, JUHJE AR B R 22 A8 SRR A 3 1
N, TITI YR S 1 D e S RCE T b BN R
0 A i D 7 2 AT UM AEAR O — R SR A5,
BT ool e B in AR, H S T EOR,
ASCEE AR AR JC vk R AT A 28 S 1 A BRI 5 2K
AN G Iy, XCHEAE I A2 1 A= o A DR — Tl o 20 S 34 45
Ay, KSHEAH: PRHCA i) 2R | BB 6% K 52 B O T 4 g
S M POR P TR PR T R
7, TG T 0 12 52 SCHEAE f5 DG HE I 1) 86 52 L S A [R]
R IE BT SRAT AR TR OC DOk 5 i 2258

UTAF K, AR 2245 0 JCIE R AHENEREAT 1 B AT
FE R BRI, 5 A 8 78 SCHEAE (9 £ HIAIL 1 A0 52 ) Ry
Mo HURVT AR BBEHE RS AR S s 8 P e, 42 1
— I PR T AL, BE T A A 1 R R AR
K F VB 3 7 55 07 VR S T — Fh i ST fS HE T
BEPA 3 AT T vk s R 23 450 J i i S AT FROGRERL 7y
B T AN TR HE BT BCHERE XS $E 7 049 7048, I LUSGHERE 19

TR, RRE A B R SR AR TH (4 T 22 0 H AT,
HESE T RS I AE R 2 B AR Ak, TG Hh e 1
AEHE I AIHE 3 045 5 Zho 2 U2 3 50 2R S0 M A
FRR L R 80k, 5 B TR W RE A2 e, A 1 XUHE
HEAY T AR L A7 S5 R T ORCHEST A A 3 b g
TG I A5 5 52 ST A, 431 T — R B LT XL
HERES B2 ) 5 B A7 9 Shen S50 i i3 ) B
B AL, X WU K ST ¥ AR 3R AT T 2 T, WFSE
e HEFEAE XS A A B 64 82 00 Y RKOME S50 A
SR b R R O, ST T ORUHRBE N O AR IR B
e, JF i TR S HEAT TSR, BeAh, i — B
SR BB ABE DL 08 7 125 X OUHEATE 04 e P 4T 1 B
FEle

IR RS A A AR A S A P A A ] R A
VL RS g A B 4 3 0 TE 25 [ L, TG0 T Ak HE LAY
AL BUEOF TR o R, 5C TRk 4k ) A7
SEE SRS R AN S S 2%, 8 KB HIBE o S A R
JCIETFR 0 AR SR TN o, el 2 a2t
b A BROCAALL, Xof Tk = AR OG22 56 (1 Ml 5 5 5t
TCEEHR LT IR XE

AR SR PEAE GBOS B B9 4 it 14 3 3 A i Bk



- 106 - 7K SC L T

B IO A N R A R — oo TR
ST RUHERE SCP BETT, SR AP i i 0 33t
SESUHERE B £ 52 T o %6 T UM B3 A 32 2232
TR A T A R A A O B LR B AR e Y, T 4 i A
FH I A A 2R 5 40 B 45 R B ) A B R TR, o 45
B 75 V8 SUHEE A T3 R B N 0 A5 B U0 HE S L
[Fi) IR & T DI (A A3 IR P 7 BRAE $2 1 1 — Mol A8 1 55 A
6] = 7 8 7 i o #h TR HERE S HE 0 AR HEAE i
eI BT UK 58S e YA N L R T e i BU A
B IRUSR TS HERE S BB A R W 0, SRS 0 ) 2 Bk
FHEAE B HEAE , 2 10 ) R BRSPS SR A A T
HEBE AR AT 1 T, DU BIOSCHERE 355 3 S i
AR 8] s 3 B8 BT T3 28 5K, IR 45 5 T S 0] 96 U M
AR, LU SRy DR s SUHE AT 1Y) B DG HEBE KA 8] 4
FE i AR S R A

0 10 20m

IS E—

1 TERERGIMR

R ARSI 2 N vAS R U DT = AT T = )| = 7 NG o
=t JE I B, HOOB RCBE, AR R o XA R
D7 1) 25 192°, AR B B £ 40°, #& AR 25 5L B Ry ik,
T 25 V8 0 5 Y 1 3 R 2 630 m, S5 % 1R T 3 v PR Y
700 m, & B Z HBEIK, BEIKER AL — M #B 1 BE A
4 Wik T EBTE 2 50 m, TR 40 Y 9E 2 100 m, 9\
] K 24 100 m, 28 JE AR 10 FL 2 7 000 m?, “F-#4)8 13.5 m,
RFLZ 94500 m*, X N H 8 b J2 222 R JE i R R A
WA (E€q) A AR S (Qh)HEFZH)Z ., H
H, Qh HERUZ M AN Tk £ 2 | 583 BUZ 26 1 Fn i A
WEdefr +, JEE— B 3.5~ 8.4m, ) 12 0 A T U AR
25 €Eq )2 N A Ak L 5 KA RN 55 KR 4R g A T AL
AR TR M T AN R 1R

= FE/m
19 720

1 700
1 680
1 660
1 640
1 620

i ey z
f i g
224 600
! B

580 : : : - : : : : : : 1 580
0 20 40 60 80 100 140 160 180 200 220 240
“FiE/m
- = 2 A BWALH
P = o
LS AR SRR [0 ] s
AL, e SR ) A = W
LA % < wert A T Bl

E 1 i TREMRE EE

Fig.1 Engineering geological profile of slope
TE: L AR

ESIZINEE $ 3 321 S0 Wik IS S5
TRPLZETE BLBEIK, 85 0.5 ~ 1.2 m, ZEJE A 3B A7 7 Jo
TFE. VBTG VUM i I8 AR K, A DN 2 e Ji
W, 3 A T R S 0 A v BB OR, AT A R AR A )
R R R B PTT EB S SC O SR

B B, &tk B HERE 5 OBCHERE S8 5 AT TR A
o B2, 75 BB BHEAE F A 00 B R S ) iy 2
EAR SRR . BARE AT i S A S O
RSE R 3 mx2 m, HEK 4k 18 m, A 8] #E 2 5 m, #iEHE
4 6 m.



2025 4F

U b, S DUHERE S O HE PR 6 e BB E] 4 e a5 O vk - 107 -

FT TR S L R I OR i (4 CHE A i 11 320 3% P A
552 iR A, HRES IMEESTHEE B £ 5 )
O SRR 158, MR M LAAS B R UE B
T UL, SR ST SEAE TR B 32 0 AR
33 R 7 I HE AR R DR AR EL 2 S A4 B, 3 T BRI T
TR . TR IR AR, AR SCiE F B ELR L) Y
T3, B 0 A 3 R G I R B4 f (LA
B, I A T] A 1R 7 83 AR AR, 8] R B A 45
5 BRBE 7 R R B A S T OR BEAT X 2
e, DLSGTE A FRE

2 BRERIE ST

N T RE S IR R HERE T A B 52 1 0978 Ak B,
AR 302K R FH A GEOS #i rb i) A Jo s 385 40 A
X T AR T A AT A I SR IBOBUHEE S P4 5 e, 43
B B B A 0] - (4 37 31 B
2.1 JEE GEOS #F 4 4

JFE A& GEOS 7+ ¥ i1 Ao Mr sk 1 4% 34 A, A
SC AP A 5 B 40 B AR B RN W A R
BEHR, 4 5 3 A3 A AR R AT LA AT AT B R Ak )2 A
Yetam bt X HbR Y, BEH CAD h 2 B A
Tt 5 T ME AR A AR I 53 77 o8 DXF SO, S A A B fi
A gh Az B L BB AR R AR S5 AR B 2 PR AR S 8
Xof S Y A L R AT AL, e e 0 T T e 5E 4 S K
F 338 R W Rl oy XA R, S5 AR R R 75 1T H
s 120 35 ) R TR

UL A, 7E A 5T 3 o A AR B v BT BB S in B
B o AR SCEUBE B R T 77 46 3 i SUHEAT (14 HERE, R H
A b i A BT SR IHERE, HERE S80S SR S &
SR8 AN A HERE S (8 R A B E - AEAE
) T 3 4 7 A T D T A, B Rk S
FLHE S A B HUM R T R, 1 SR 00 A Y
DA T
2.2 RN SR I

R B8 T V5 AR T 1A G TR R e R T g ST A
JOF (1 B AR B (AR L SRy T B T i, R R S 3
TR BT R RTHERE, S5 AR R Goh IR HERE . AR
i Qe By A TR T 5 T8 AR BE ) (DZ/T 0219—
2006) 45 A JE RTS8k, 18 Y B A, AR
R SR axb=3 mx2m, a. b 43 HI 0 E K, &b
K, BERIEE A S m, 60 5 HERER Y R 18 m, 56 +
Y12 280N 1 iR

®1 HIEHMBENESY
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Table 2 Stress on double row piles
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4b 127371 1116.92 156.79 1791.33 163557 155.76
5b 1273.72 111691 156.81 1872.74 1716.72 156.02
6b 1273.81 1116.89 156.92 1955.46 1799.06 156.40
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*x3 ARZHEEZHE
Table 3 Pile body stress in Scheme 3

A B I HERE/ (KN-m™)
HEHER /m
S VA g R AT g FIA TS
2b 1 636.63 1322.01 314.62
3b 1711.80 1397.55 314.25
4b 1791.88 1477.20 314.68
5b 1873.29 1 558.03 315.26
6b 1956.01 1639.99 316.02
7b 2018.30 1706.76 311.54
8b 1937.98 1 626.96 311.02

JE HERE AR TH A R 23 3 7 KRR A A% B AT HEAE L, i
SECHTHERERE S A T80 . R ML, T7 58 = R BEIRAY
B HE 7 LT PR35 A2 (AR RTHT A B/, X2
PR g 25 B AT HEATE A A B9 1) P P 2K, 5 HIEAE A A i
P ey SRS B i HE AR AR AT A AR (A > S A3 el
BERT ARSI, DRI HEAE A AT 080/ o

B 7 G — PRl e HERE AR AR R W 023 5 S T7 5
NI =R AR T R A, JERLE o U
AV T HEATE T A% T T 0 (A A T A N A R T
W I, B oA BUHERE 5 HERE TR A T 3 ) AU B
HEBERS BRI A T 1 0E . AR LK 4.

F4 TEHET apE

Table 4 a, f values under different row spacing

WA /n p ]
2b 0.502 0.495
3b 0.501 0.495
4b 0.501 0.495
5b 0.501 0.495
6b 0.502 0.495
7b 0.529 0.469
8b 0.530 0.468

MFE 4 Al LUE M, Y HEEAE 26~ 6b B, a.
BIEILTORFEAZS, BUEZH 0.5, Bl R FR =
(R AE B T 4 T W K2 R S — P A R R R A R
W0 2 A% . BTSN W 1SR T RE S HE D0 982 A T BT
1o MHEE 4 PR, I & — R HERERE S HE N FL R
W48 A BEAR B B IS HE D R o TR 9 22 1T 64 43 BT
AL LIS 2(F—Py)=f~Py; A1 B, J5 % — P 5 HERE B+
Wt 1k P, B T3 56 = BRI B AEET T R p, D[]
FEA 2(0-P)=0-p. Zit BRI 15,

F 5 (D
_O+p
P = > (@D)
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HAVTEHERE g 2b ~ 6b B AL

HRAE 3 Fh 7 S AUME LR 32 T 00, FTLATHE M (f+P,)/2
FL(O+p)2 B9MH, o T B S B F 5 (7+P)/2. P,
5 (0+p)2 TEEUE L 22 vk, o FLH 2508 | 4y Ltk
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T [F~(F+P,) 2 F
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Fig. 5 Difference percentage

M s ] DLFE YR HERETE 26~ 60 B, F 5
(f+P)2. P, 5 (O+p)2 MEUE LT HHAE, e KR 224
LR 0.07%, ITTESE T 20 (1) (2) M HEd k. R, %
O3S FHHERE 5 F 6 25 T e L HERE S L, PR e 7
TR HERE Y, BT £ R W R A R AR A LR A
X, Hp= A iR 22 2 At . ER AKX REN S
SR YR HEFRTE 26 ~ 6b IF, RACHERE b i HERE A 4
7745 T A AL B HERE A JS HE ) S AR RT B ) Z R —
5 JE HENERE AT BT ) 55 F RS SRR IS 1 ) S5 0
HIPL I Z M —2F . R T i — Bk A SOy B ]
SR B AR SOTIE S R B R S R EE A
a3 LT B8 5 SCHR [32] 19 52 491 45 S F 47 X6 b 4y B
(I 6) o M B0 X b 43 B vl L Y, AR SO ik 1T
SAC B A HE 18] 4 T T 45 R 2506 43 LT 34 5 SOk
[32] Al fs th B 4 R IEA W) &, FEA A HERE T SRR A
AR, SCHR [32] B9 B R 2ZE(H A 43 LA 0.176%, T AR SCHY
WALH 0.065%, 3X 5843 Y iE T A SCH7 % i HE B A
oM, O HARR T & A A G5 AL, A SCor it
SEATEHE ] 4 g B Ay s

5 S5t

AR SCRE A R AR I Ak — TR S AT TR
T DG HE B A B AR 18] £ R R TR A A

52

s 0251 T
g --A- CHR[32]
S 020}
EE 0176
;\ﬁ Ao A 916‘1'“..9159 0.155
o o5k 00 TR
m
iﬁ 0.10
R 0.065
= w005 0052 0052 0054
+H 0.05F W W] PR .
=
=
I . , . .

2b 3b 4b 5h 6b

BEHER/m

B 6 AX53HE[32] WEEBS L FHEXTLE
Fig. 6 Comparison of the average percentage difference between
this study and reference [32]

WFEE, J& T HIE F AR 5 908, 38 i i S ) 2R
T RAUR LA

(1) 38 35 X6 B8 (B A 40U 285 SR 1 43 AT, 45 8 BUHEAE 1)
I L HERE G B A 26 ~ 4b, AR SR ST R
A AT R ST AT LA, 1% T AR A e L HEFE AR 4 ~ S m 2
B8], A UL 7 8 R HERE G R 6 m o2 A B, [ B 50
TIE T AR SCRT A 4 B3O8 1k 9Tt s 1) e A HE B 1 A
B . R SCHE T30 v, TR BIRE B A2
J& AT AT A, IR 45 2R 5 IR s I 58 v 09 E A7 i
HEAT H A (1 EL 55 Bk 90 A7 i, A % ) B 4% 36 mm
() HRB400 2/ ) ot T J5 HEAE 14 32 1 K F R HERE,
PRl I 7 8 — G 7 1), LA HERE (AT B 52 1 AR B
2 VIR, e BRAR SCHAR T VA A A B O\ A I A
k24 MY, AR TR TG A (28 AR ) I8 T 4 AR, AT
WA T TG, B IZ I R A R] 58 H HAT 52
TREX.

(2) A A SCAL L T A BT R ST R (8] BB R 4
ANAR 5 1) e A HE B R . Dol g A A A e RS,
Jei HERE (4 B B 52 3 JLF- & R AR, HE A S5 M0 A
S5 T A0S A TR BE /0N, HEATE (0 A 5 4 S FRE B e K
P B A L S22 B0 A DG AR Ak, PR 3 7 A 1 A2 b
XoF - i DL HEBE A9 B 2 K U I JC R K . Rk, A%
R SE S R BE N AR HLAF G RS R, S L HERE
0 BBV AE 2b ~ 4b Z 18]

(3) T4 4 1 vk fa) 6 748 G fai (8 387 12,
A AR SCAL LA H B A28 T A 3 — S A e 2R A7 B 0
W, B AEWT 5T F vy, VR 38 2 BE AR AR AN D) K
b TRE S AT T RAE A5, B %A AR E
FH, DR RT RLRE 1 25 10 0 A — A 5 3 15 A 2 22 3 0
o EAR R, 2% 2035 G B, HE PR i 4 7
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2b ~ 6b Z [8], 1T 6b J5 HAERHM: AT BE O ARIIE

FESC BRI Gt T, OGF SUHERE 9 52 TS A
ANHIEFERIPL ST, B Z A0 IHE - PR VR, B SUHE
AR Ay PR HE A HE AT 353, 3RE TG BE 43 n TR A
W o A SCR FE A /INHE B RCHE R 9 52 PR it T 48 435 — Fif
A Sy A7 A5 PR ) R A A R) R IE B . TR
SCRFH 0 2 A A BS54 R T B 5 SE PR
UAEAE— B 22, (B3 45 F O 1) 455

6 #it

=H

(1) A3z 1 GEOS B4 v i) 4 1 3 73 B A B
F A4 T3 R TR AR SE T G 3% 32 BUHEAE B HE R
X HE B 32 1 2, R I S AR HEBE A 26 ~ 6b B, T
HEAE R 42 ¥ LT AR A T 2 b HERE BT 66 Z 5,
T HEAE R A 18 T G R, S HEAE R A TR T A
NI/

(2) WUHE R f O HE BE 5 22 37 2 iy 5 HEAE BT 2R 52 1
M 1 Z A0 A B e HERE 45 FRE B B R P 0 2 A 1
SO o i A, U AR B4 9 g =22 e Rk
Je VN HOETHEREAR S5 4 R AN S, X F R TS
HENEBE S5 HE T B AR T SR 1Y o AR HERETE 25 ~ 6D
b, A HEAE 5 K P 7 25 (8 0 1 K5 T 2 A B
it 6b Z )5, WG HEE S R N 1 2 (6 B W . R U,
XUHERE B AR HEBE AE 26 ~ 4b 2 18] KB o

(3) 5 T WA A PR 7 45 38, AR SCHR H T — b i)
A T S RCHEBE AR (8] -+ (B B8 7 o Y AEHERRAE
2b ~ 6b [, F=(f+Py)/2, P,=(0Q+p)/2, BN WUHEHE o AT HE A
A S #E g 4 F AL B HE B AT S 4 ) R T =2
FE— 2 J5 HERERE ATHT ) 45 T W) & 2 HEAE AL IS 4
JIFIRERTHL ) Z RN —2F, e RiR 22 WA 0.07%.

(4) 38 1 5 B T 7 2 K O A 24 1 0F 58 SR i
FXRE o3BT, JR 5 S HEME G 38, (R i 2, S 30
M 38 B Ah, H A A HE B R ] 4 R T 25 0
NHFFE R FEA W A, B UE T AR SCH 7 25 10 4 PR
AT EEPE o DR AR SCHR B TR AR e P T
A2 F7, bR TRERAE T 2% Rl 4
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