5455 1 B % w kTR E iRk Vol.45 No.1
20254F 2 A Journal of Disaster Prevention and Mitigation Engineering Feb. 2025

DOT:10.13409/j.cnki.jdpme.20240724002

ETZ#4#EZ-BEHHaRERY
ITRANHABHEZ 7
%:@i}ﬁl,&'s, ‘]I ﬁl,Z,S’ B}—,\FB H’f«# 1,2, ,i%/rz“ﬂ{]: 1.2, 5@( ﬁlJ 1,2’ I}/ij:\ ;,%1,2

(1. =g J2E X Ml B 58 205 BB S S0 06 55, WL BB 4430025 2. B U ) b 4 B E S L WA B 4430025
3. Ee R £ RS @S AR, WL BB 443002)

HESAEMAR T ARERSHNTRARBFERFERNADEN B TIARNKBEEERIETEE—E AR,
fRIA R E AR BEEAA DI LA AFLACY#PFCP AL AR 3 a4 TR X RERFHLE A DI = gk
LB RN T ERBRAL T RAZBET IR RARFIEN A H T, It 3 55k 54
HHEIE MEFEAAME RN A X B, FFREAY,ES-BRISSBR TA KRS LR ERBLRIFHE
MEEAEZAER ., WEHETES A ZIN SR M A IE, LW HEART I X T4, WEHEMN LS ER LYY
AEJR e LB IR AT AR R T AR 2 T ik R RAE R AT HE AR ) 5 A AR T AL D . R A R
BMRXAGFHTEHETER KNGS EEREE K, HERAG, THEETR A TEEK, WEHEE S 2T
SR A THERK, HERASBERTEY s, 2SR EHEE Y ETHEP A THENR, HAWK
J& ,JE HEAEAR TR R E 4RI K, AT HRAE E T e i AR K B HAE BT A3 R T 4R

KR : A OOCHEP T BE 5 - RO G Y T ik s U M £ A%

MESES: TU4LS  TEARIEAD: A XE4HS:1672-2132(2025)01-0084-11

Force Analysis of Frame-Type Double-Row Anti-Slide Piles Based on
Three-Dimensional Continuous-Discrete Coupling Model

SHEN Shuzheng"**, JIANG Wei"*’, OUYANG Ye'?, TAN Yihong'?, WU Jian"?, CHEN Yong'’
(1. Key Laboratory of Geological Hazards on Three Gorges Reservoir Area, Ministry of Education, Yichang 443002, China;
2. Hubei Key Laboratory of Disaster Prevention and Mitigation, Yichang 443002, China;

3. College of Civil Engineering &. Architecture, China Three Gorges University, Yichang 443002, China)

Abstract: Computational models based on structural mechanics are used to analyze the internal forces
and deformation of the frame-type double-row anti-slide piles. However, due to simplified assump-
tions, they have certain limitations in practical engineering applications. Based on a slope engineering
project in Badong County, Hubei Province, a three-dimensional continuous-discrete coupling analysis
model that incorporated frame-type double-row anti-slide piles and the slope was established using
FLAC™ and PFC™. The gravity increase method was employed to analyze the internal forces and de-

formation of double-row piles under a given safety factor, and a comparative analysis was conducted to
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clarify the effects of row spacing, pile spacing, and pile diameter on the internal forces and deforma-
tion. The results showed that the continuous-discrete coupling model effectively captured the potential
slipping trend of soils behind piles and considered the interaction between piles and soils. The bending
moment distribution of the front and back rows of piles exhibited an S-shaped curve, with the front
row pile experiencing larger bending moments. The lateral displacements of both front and back rows
of piles generally increased gradually from the bottom to the top, with the front pile exhibiting slightly
higher displacement than the back row pile. However, due to the constraint effect of the coupling
beam, the lateral displacement of the front row pile decreased near the pile top. An increase in the safe-
ty factor resulted in an increase in both bending moments and a nonlinear growth in lateral displace-
ments. Wider row spacing led to higher negative bending moments at the top of the front row of pile,
while the positive bending moments decreased and the negative bending moments increased for both
front and back rows of piles. Increasing pile spacing had little effect on the bending moments at the pile
tops, but it resulted in an increase in both positive and negative bending moments for both rows. Larg-
er pile diameters led to an increase in positive bending moment at the top of the back row pile, as well
as increases in both positive and negative bending moments for the front row pile. The positive bend-
ing moments of the back row pile increased, while the negative bending moments decreased.

Keywords: portal double-row anti-slide piles; continuous-discrete coupling model; gravity increase

method; bending moment; lateral displacement
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32 RERYWSIANMES A NHRETE

NP ERAFE - EZeME . GHSF
o SR 300 3 TR R L) R ok R X R G R
SR T H A B E AR B RS KA R
BObRHE A 1,300 A SCHE ST B 30 3k 3 2B UM A o
B A 0 e 3 25 D b b R B BB A L, B
AT R R R A e vk m T B 0 ik 52 R R 22
& FRBCT I £ R RO B S B PEC™
A i B AT O80T, AR AR AT U AR R O R R 4 0 S
B G AT AR5 XA R 2 W BT BT i B AT A 0
B A T8 I AN AEAF 5 S AR 40 A 0 R B0 B A R e
B 5 S5 S5 PR AT 0B 400 S BObr a2, W) 410 S BObR
SEM TAE R K™ Bk, AR SCR B m ik
VB HUBORL Y I ) 38 R R AE M 13655 L HE AT W
HEWE LA s K g 9 128 B 43 b o B T FAS [l B
T4 RABER T A S N AR AR Ak A
fFENMKE LIGME L2650 5, 30 T8
A FZE 10 M 1.20 (5 L .

NP FLACT-PFC R G 43 B B B 11550 0] B 2
ARE S 2 ¥ 14 A NN - AR (H TS VA A9 B RS
HEE BT 7K 32 B . A BF 90 ok F S A B8 5 XAk ok
W a8, AATE B (6] — 28 B2 9 A0 PR = 7w 4 07 722 45
2R TH B R B A B R AZ 09 S, R ORTE
B IE O 8 O 5 HEdE . anE 6 Bis , 7 @5 HE
H b T A 1) 160 B 2 e A R AR W I A7 A A
SR R OR B Aok A T AR R R 4 T O
HEME I o TRIE AL I 2 ) B AR SE N e, (h) |, AR 2
] AR 10 K e, (), I8 2 TR BB h Ak ik 7K 52 25 55 M (h)
RT3 h

Hibeshy TP
JOE 7R 7 5 BRI

IR HFE
Him i
B

SR i
7 1

JaHERESME

HIAFRE A HERE

PR 6 RUHE AR 25 R RN 161 2. 7% A4 3R
Fig.6 Acquisition of bending moments and lateral displace-

ment of double-row piles

ey = B~ 1) "

X ETHER ST W EE s D R pEAE

33 FRZERYTORAERBHEN N HER

NP FLACT-PEC™ # & 20 A A B v | SUHE BT
T AR AE S AP A AL TR S HEAE T e B AR 1R
Aib B Ry R RE R AR B B L3 R e R A
FE W SR G JS HERE (9 9 3 AR TR 7 A — g s e [
TS P R A A RS RNy S AT M
A8, 8K 5 TR AT JE HEAE B P9 ) AR T 45 AT 1R AN
e
331 HBEIM ERSAERNGESFE N

H 301 2% A 1) 240 SRORIURSE AR 1 X Bk 1, 5 HiE
AE 26 A AP W A6 B8 B K, B 1] IR SR Y
WA RS A MM 4, 5 + K F7 45 A5 A S AR M4
P4 WAL KR AR B B 4 TR R g
TURE o P A AR RS B 4 FR B S A 1 R
R B RS RN B A R 110 B R R
% 8.7 mm, ¥k E 1.30 B {A 11.7 mm.

i G 55 56 9 (A5 A% RN R g A A 2 kA
PR 745 T %4 R B01.30 B % 52 5 0t 2 T i Ak
B9 5L B8 RN 7 4340 o s HE e 2 B He A — B, ik
KZJG 5 BT A AT AR, O HEWE b 5 32 & A=
e KA 1] 7 B o Bifi % 22 4> 2 B0 et A B 1 K
B A ZOB 110 B A HE 5 B a5 KA RS 43 G o 6.94
H16.78 mm, 3 K % 1.30 B e K AL EE 43 31 4 9.57 Fl
9.24 mm. SR F AT HEE AL I K TS HEE R
Kt @ 5 HEBE 7 B 3% R AL T Zh0IRAS . 2B 5

89



FLAC3D 6.00

G018 Basce Consling Group. inc.

oue Displacement sgaitude
1.1B66E-02
1A000E-02
1.0000E-02
5.0000E-03
§ B.OODOE-0G
T.0000E-03

HIERE EHERE  200f%
(a) i A

FLAC3D 6.00
2018 Masca e

Censuling Grous,

-5.0000E+06

ADIETEOT

HrHERE EHERE
(b) i 1z

P73t 5 el R TOUTH A 13 B8 AR ) (2 42 2 %0 1.30)
Fig.7 Displacement and stress on the top of coupling beam

and capping beam (safety factor 1.30)

LY A S B S B R 1 B LS R R B HE
SE G DR 32 TR N 9 R 32 i HE S 32 LK 2 N T
L A2 TS R I E 5 AR R AT SRS A Y
R R AP T
332 WEHAEG A A FEH

AN ) 22 A Z2 B0 AR 04 I 5 HEAE TH AR R G
AR AR 8 T . & 8(a) Wi, TiT i HEME 11
255 4 A 5 I i ST il 4R HE T MR AL B
BE B 25 54208 T Uy MR IR ] b Bk e /K2 E B
1 A5 R T 0 R B A S B s 4t IO SR
Mk R AZ 60 25, S R AT AR S T G R IR E )R B
YRR /N 5 B TOUAE S HE AR R 32 OE A T HE A D) A
R T%E,

Bl TR e A R BG N, B R AZ 1 1E £ R
P g, SR &M RN, e R
1.10 &), A7 5 HE BF IE 2 5 W 4 5 b 394
545 kNem, 1 25 % U§ {5 43 %l i — 745, — 785 kNem;
B4 ZOA01.20 B RS HEAT I A5 0 4 0 o 587
654 kNem, 1 25 4 U {E 43 501 2 — 1 174 — 894 kNem;
4 Z 801,30 IR S HEE IF 280 0 {5 43 591 A 1 420
1703 kNem, i % i ¥ {4 4 % H —1760,
—1 040 kN-m, Fifi & % 4= Z B0 I, i HEAE B 25 m
A7 B S B HEAE 0 TG B AR R, e R
B 1.10 W) Hi S HEE S 5 40 B T AR 8.5.12 m

90

B5E /(KN - m)
-500 500 1500 2500

=2500  —13500

-------- EeFL10,
---EE&FH120, BHEE 5

— e RE30, GFHHE 8
----- L4 FH.10, ATHEE Q 20 43
= = EAFW120, FHAE e T 8
—_— e 130, MTHHE =
i
Y
™ 30

(a) THEHTHER A A
{ii¥% / mm

30 25 20 15 10 5
r T T =% T -..j..v'_ T

-------- LHFH10, EHHE
- - - EEFH120, EHHE
— e FE130, EHH
----- Lo FM10, HiHHE
- = A RN120, BiHHE
— B FH1.30, HiHEE

AR / m

X 30
(b) fE R b {L
A8 AN 22 4 2 BT A RUHE A 25 R AN 1v] £32 %%
Fig.8 Bending moments and lateral displacements of double-

row piles under different safety factors

e %A FROR1.20 B R R 4 A TR R 7
14.5 m 247 5 % 4 2 801,30 BF R3S 55 40 53 7 T W R
6.5.8.5 m A=A o AR b BR Y 2 4 R BOE NS T
Jei HE A 349 75 327 KA R R O 5 0 AR A mHE A
RS

P& 8 (), iy HEAE A1 HEAE (14 00 1] 457 8% 76 A IS
P& YR T&  HE MR AL B A R 5
FlEAE B4 ) 1o 47 Y A AR ) R S B N, A T Ak 15
1) 0 {8 5 A 00 D00 i 57 A VB T 18] 2 18
D115 i A VA S R R Y S S R
V7 B i1 28 322 30T B T A HE B AR Y B 4 o HE AR )
LR SR b KT 5 HEAE (A B T4 3 14 A0 22 1R
JIN | 2 W S S A 5 R A S ) A SR A T4 S HE
E B0 1] 57 B 25 5 B A 22 4 R B B, TS HE
A i) 57 A% U (L 359 K 7 3 K. 4 4 AR B 1.10 I
Jei HERE AN ) 47 WA 43 551 24 16.4.10.2 mm; %4 R
H01.20 B0 1] 437 #% WA 53501 2 19.9.17.2 mm; & 4>
B 1.30 B 1) A5 A% 06 {H 43 1) SR 20.6.18.5 mm,
PRI U, T s A 00 1 467 % i 22 4 2R 5000 18 o 2 B R
LMK



Y TR W B AR S A R R AN
Ko A, 45 2 TR BE S ) 4 3 R B IR — B
SR FH B TE TR 55 0 00 o B3 45 17 HE AR LS HEAE 19 5
RS 45 XHE 23 51 R 2 1021 766 kNem, ] [i] 37 #%
W 23 591 A 43.4,44.9 mm, HE4E B 5 7R S0 07 g A
Ll B S AR S T HEAE Je K2 = 1926, i HE A A
Ji HEAEAN 1) 57 B8 e D0 o th L AS DA b AR TR
TEBY B, 3 TR SUCHEATE (1 T 5 2 25 AR 300 AF 5% B
JAA AR, #1E B AT S s 1T B, 45 0 I 4 AR
BIrF ek,

4 WHHERTSHTADEEN

Al

I3 3OBUHE 0 0 Wk S A 5 6 N T AR TR 1 5 )
PR 2% A0 355 OUHE A A9 HE B AR B AR B L34 SRR
TR RS ERZ S H . R AR Gk ek
AR B — 2B A3 B SCHE A HE BB W B R A% X S A
SN AT B R, LA BT S BN A AL AR it 2
¥, AFUEAR MR 1.0m, HEH 3.0 m, HEE
3.0 m” 43T b e m e BREE SR 19 % 42 R4 1.30, #h 72
MRS HOTE, B S 50U 105§ 5 HERE S 56 A
A% o A 22 5 o

4.1 HEETHHZm

IR B2 R A 23 A7 P 5 B A S 3 1 N, HL D
PR 7 B 5 B A 2 5 ) T AR A ) - A 2
T A 2 6 R AR o B 2/ s e, X
HEAE 29 AN REAR G (9 e 4 00 25 ) SCAP R0 o AE T g%
BT 2 fily %50 A b FEHERE 2.0 m ATHERE 4.0 m #F 173
S ARAT B RIS HEAE 25 23 A AN 1] 052 7 23 A3 4 ]
97N o WS B HE BE 78 A A 22 5 W i i R A 25
Oy AR ST R L REAE o HERE SIS, Je HE AR A 6 AL
TF 25 R AR A AT R LI R AR Ak T AR £ 25 4 (i ]
S o A ROGTEAE By, vl i A UL B R HEAE
F14 I 25 o A R B0 O T BB e T 6 S B
A HERLRE O BTt BEAE HERRE N, B S HE A O
o] 37 B8 47t B4 R o Y HER I N 2= 4.0 m i),
AR TR ASE I HE AR O 6] 057 B8 B 22 v G OR .
JEC PR AT BEAE T 2 HE B R — R I RIS HEAE S
AP ) A A AR E A A 555 AR I R 52 T
4 A, e A T e e %l AR

5 /(KN - m)
-2500  -1500  -500 500 1500 2500

g L eeg———
...............
% o

Pa, s
Ly
Ie

e HEBED Om, JEHERE
== - HEEE3.0m, EHERE
— HEEEA 0 m, fidEbE  E
veves HEEE2.0m, AIHERE
- = HEBE3.0m, HifERE 3
— HEE4.0 m, BOHERE E

(a) T EEIT AR A

{8 / mm
30 25 20 15 10 5

10 &
&
23
e HEEE2.0m, JEHRRE 15 &
- - - B3 0m, FEHERE &
— HE40m, SRR 20 R
veses 2.0 m, AIHFHE
— - HEE3.0m, ArHERE %

— HEPE4.0 m, HiHERE

(b) I re fir B Sk BB 4 A
P9 UUHR A 25 AN 1] 43 % i HE I ) 728
Fig.9 Variation of bending moments and lateral displace-

ments of double-row piles with different row spacing

42 tEEEHHIFIE

E PR BT 2 52 ) S 4 45 0 1 A2 iR R AR e T
FE2E 4 B RMEIE AT LAY /0 A AR 0 (EE B AR K
D) SSCHE AR 75 32 14 =y R0 33k 4 b K, BT B
e A AR A N T 2 1 I S N )
2.0 m FIAEFE 4.0 m #EAT 115, AT 09 T 5 HEBE 56
A3 A RV ) 457 B2 43 A A0 B 10 fr R o AT RLR B AR B
S S5, TG HE R AR 40 A iR 2R B S R & R A A
Ak, i LR HE A A T A 2 22 O R B
Wi 5 A7 B 38 K, R0 HEATE (7 1 25 AN £ A A 8
B R R Bk B S K S ET S HEAE B9 M 1) 47 B 35 AH
JO7 38N, LA ] R B A0 A0 S HEAE B4 0 ) 437 A% 25 5
ST AT BTk 55, D R AT BEAE T b R ) R B4 )
8 K e HEAE AR T 1 B A 00; B B

43 HEEELHRIE

BEARJE R W B TR A 5 TR % 4 i B2
RZ—o TR YL A a6 T AR AR B T
2t RN BT RERD BN AN FEREAR 0.8 m AIBEAR

91



/(KN - m)

-500 500 1500 2 500

-2500  -1500

o HEEE2.0m, JEHERE
- - - §EBE3.0 m, JEiERE
— HEBB4.0m, J5HERE E
----- HEBE2.0 m, FTHEHE ;.if( 20
= - HBE3.om, BUHEEE
— HEEE4.0m, PIERE 2

iF 25
i% '
¥ 30
(a) BHEHVRERI 515
{i¥% / mm
35 30 25 20 15 10 5
. ' . ATSmas e ' 0
E E& 5
. 10 E
\\ %
; 3
weenes HERE2.0 m, JEERE : 152
- - HEBE3.0 m, JEHERE &
— 40 m, R 120
----- HERE2.0 m, BTHEE
- = BEFE3.0 m, HiHERE
—— HEFE4.0 m, RO 2

<30
(b {0 1) (S BE FHE TR 4

PEL 1O RSUHEATE 25 50 00 o) 152 % B ATE BE 7 22 4k

Fig.10 Variation of bending moments and lateral displace-

ments of double-row piles with different pile spacing

1.2 m PEAT VT, 4R A5 04 11 5 HE AL 254 2 A A0 A
DRSS A AN 11 i o AT LA R B, B0 WEAR I 2
O3 A R T S AT R AR Ak o A AR B AR X HE B B
U4 B 071 25 52 T 358 /0N, FL £ 1Y S 1 552 i) s HE AT
A TO0 Ak %) T 25 R L, A A e R D) HE A T A I 5 R
FOR . F T HE B4, Bl A AR 1 O HT HEAE (Y 1E
LRI A7 S R 34 2 R R A HEAE IE 2 B R T
TS FEREG . BR L B4R 38 K 1 HEAE P )
R, L PR A T AR R 30T S 2 OBUHE Wk &5 4 A
RN AR o IR B4R D /N T (A5 B B 245 S PRI
H0E 22 B 11 (b) v] & B, 4 48 /N I i e A ) i
A 5 3 B, DL b DA o 0 1) 7 B 1) £ B R AN
MR S /N AR o

(1) 177 28 XOBUHE BT A AT AT 11 25 8 BE
e 5 TN 5 A5 8 T A ORI i A VR A T S
B K S AR 8] A 7 JORE 4 ik g B TT — E A
F14 S5 WA [v] 5 i Je HEAE 9 AR AR o

92

/(KN - m)

-2500  -1500 -500 500 1500 2 500

,,,,,

s HERRO8 M, JEHERE S
---HEELOm, RHEE 15 e

— #EZ12m, i E
""" HEF20.8 m, HIHEME £ 20 42
= -BT_.f?él,Om, ﬁ‘:IHF‘H'i % /
— #12m, W o

£

(a) THEHPHETR A 534
{i¥% / mm
35 30 25 20 15 10 5 0

1 1%
‘\ % {10 E
"oa %
tey, ; 15 E
wewe HERO8 M, JFHEEE e, 4
S--BERLOm, JEHEEE e O i
— WER12m, EHEEE TN 3
..... HEE20.8 m,  BTHERE q2s
- = #EZ1.0m, HiHEE
— fEiE12m, FTHER

() 0 i) (i B e B DA -
PEL LD BUHEATE 55 6 RN o) o 5 B AT 422 1) 72 £k
Fig.11 Variation of bending moments and lateral displace-
ments of double-row piles with different pile diame-

ters

(2) HirJ HEAE A9 25 20 A 1 W I A < S™ R 46,
ETOUAL I HE AR — MR 52 1E 25 0, AT HEAR K 52 09 25 S
AT T2 o RTHEREON 1) 628 — R T 5 HEBE , (BLAE
I TR 0 6 G 2 R H A AT T 5 R BE 2 S
BN, 5 B HE A O 43 B il 2 7R HE T A DAL 5 )
S .

(3) {1 FH B 389 Rk it n B OR B0 5 A RR, 7
4 F B IR B e HE R 2 7R A2 R R A B
PR, ATHEAE S S B A% o R R HERE
0 1] 437 % i B ) 8 R AR By B S AR LR MRS

(4) H R A R0 A A2 9 28 Al A 23 52 0 25 4 )
Ay il 2L A5 AL o HERE I RS R AR A T AL 17
I REE S, B HE B B IE SR e (B X R R, T
FEUAE R0 2 b T o BRI RS AT JS HEAE A T Ad 25
FEAE AN BT S HE AR A I 2 R I (R 2 R
(E 3. BEAR IS RS, J5 HE A BE T AL 1E 25 56 1Y
T T HEAE L 25 WA R 2 R 0 (E X 80,
A T 25 R U L o i 67 2SR e L A

5 I W TR AR R A Y SE PR AR oK, AR 3L



HEST Y T T A OWHE YT AE FLAC™-PFC & 43 BT
P58 0 A B T DX R B2 5 A B 9 0 B BT 1 2 D7
THT i A o 2t — A b

S % 3Tk :
[N]SR RS, A UCHE B384 o A T

[3]

[4]

[6]

SRS LELT]. T R 2 i CH AR BRI, 2012, 37
(4):769-774.

Zou S T, Dai Z H. Finite element method comparison
between double-row and portal anti-slide piles[J]. Jour-
nal of Guangxi University (Natural Science Edition) ,
2012, 37 (4): 769-774. (in Chinese)

ff e, Bk, &5, & PSR 5T E
WEIELT]. A LG 24, 1996, 17(2) : 58-66.

He Y H, Yang B, Jin B S, et al. A study on the test
and calculation of double-row fender piles[J]. Journal of
Architectural Structures, 1996, 17 (2): 58-66. (in Chi-
nese)

BRIFDRE R T L OBUHE 1T 2 BT AR 1 2 R T R A Y
(3], #1712, 2009, 30(4): 1137-1141.

Qian T H, Tang H M. Spatial calculation model for
portal double row anti-slide piles[J]. Rock and Soil Me-
chanics, 2009, 30(4): 1137-1141. (in Chinese)
JRZRSE ) RIFER, A, S5 TR ORHE DT A
FHARA[T]. A%, 2005, 26(3): 441-444.

Zhou C Y, LiuZ Q, Shang W, et al. A new mode for
calculation of portal double row anti-sliding piles [J].
Rock and Soil Mechanics, 2005, 26 (3) : 441-444. (in
Chinese)

FOWI, 22k, Xy, 45 . 25 A A ELAE R SUHERE 43
Brid]. BREE 24, 2004, 25(1): 99-106.

Zheng G, Li X, Liu C, et al. Analysis of double-row
piles consideration of the pile-soil interaction[J]. Jour-
nal of Building Structures, 2004, 25(1) : 99-106. (in
Chinese)

HHARTL, R R, A B, A T 2R OB T W i 350 28
BRI [T]). A8 1 J55%, 2014, 3503 1) .
149-155.

Shen Y J, Deng B, Yang M, et al. Elastoplastic mod-
els and calculation analysis of portal double-row anti-
slide piles [J]. Rock and Soil Mechanics, 2014, 35
(Supl): 149-155. (in Chinese)

Bote, BUNES, 2, A BRSSP SR T 3 A
RIRBCHE[T]. 5 7%, 2016, 37(3§2): 1-15.

Yang G H, Huang Z M, Jiang Y, et al. Improvement

of calculation model of double-row piles for supporting

[8]

[10]

[13]

[14]

deep excavation [J]. Rock and Soil Mechanics, 2016,
37(Sup2): 1-15.(in Chinese)

B, BREAG, AP, AF TSRO AR AL Y St
XUAHE 45 48 11 SRR AT 5 (7). By RS K LA 4l
2018, 38(6): 943-949.

Cao J, Qian G W, Yang Z S, et al. Study on calcula-
tion model of double-row piles retaining wall based on
equivalent truss model[J]. Journal of Disaster Preven-
tion and Mitigation Engineering, 2018, 38 (6) : 943-
949. (in Chinese)

G H AR A JGT 120—2012[S]. Jb 5t th
el £ 0 Tl H RAE, 2012.

B UL TR AF R T 2R S R I BB A
LK P9 B (7] K SCHb o TR i, 2024, 51(5)
95-104.

LiXC, GaoFF, Ran Y T, et al. Internal force calcu-
lation of double row anti-slide pile structure based on fi-
nite difference method [J]. Hydrogeology &. Engineer-
ing Geology, 2024, 51(5): 95-104. (in Chinese)
RN, ENRAR AT AT &R S I0k Y SR 5T = HE bk S 4
gy Kyt AT O ik (7], A, 2023, 533 1) -
2883-2890.

Tan T C, Yin C J. Simplified calculation method of
three-row pile retaining structure of foundation pit based
on the bar system element method [J]. Building Struc-
ture, 2023, 53(Supl): 2883-2890. (in Chinese)
TR, E/ANE, IME, 55 RN 3R S50 1 19
B 7y O 0 s ) S I 9 [T, s SR EE 4, 2022, 52
(3 1): 2483-2490.

Wang J F, Kou X Y, Sun J, et al. Research on the
space effect of the deep foundation pit with double-row
piles supporting structure[ J]. Building Structure, 2022,
52(Supl): 2483-2490. (in Chinese)

SN, B AL, BEO O . AR A ROBUHE A 7 R T X
Sr TR R I IT] e TR CA LA e TR
2020, 47(2): 78-82.

Hu G, Hu F H, Huang F G. Application of unequal
length double-row piles in a foundation pit project in
Wuhan [J]. Exploration Engineering (Geotechnical
Drilling and Tunneling Engineering), 2020, 47(2): 78-
82. (in Chinese)

g, dmEHE, T, % B XUHENELE 5% M SE 20 2
b TR ST B AN b AT ] TR 2020, 34
(6): 639-643.

Deng Y, Meng B H, Guan Q Y, et al. Application of
double row piles with rakersas the deep excavation sup-

port structure in Guizhou Red Clay [J]. Soil Engineer-

93



[15]

[16]

[17]

[18]

[19]

[20]

[21]

94

ing and Foundation, 2020, 34(6) : 639-643. (in Chi-
nese)

W, R, BRB, &5 B AZ TR SR S AL i
BB SRR LR S (1] = TR A4, 2021, 43
(8): 1373-1381.

Zhen G, Yi F, Huang T M, et al. Mechanism of over-
turning progressive collapse of excavations retained by
double-row piles induced by over-excavation [J]. Chi-
nese Journal of Geotechnical Engineering, 2021, 43
(8): 1373-1381. (in Chinese)

Ma Q C, Liu X L, Wang E Z, et al. Optimizing 3D
granular modeling with integrated 3DEC and neper tech-
niques for granite mechanics simulation[J]. Computers
and Geotechnics, 2024, 173: 106578.

XuD D, WuA Q, Yang Y, et al. A new contact po-
tential based three-dimensional discontinuous deforma-
tion analysis method [J]. International Journal of Rock
Mechanics and Mining Sciences, 2020, 127: 104206.
A5, KRR, ERRAE . BORLI (PFCS.0) B (E A L H AR
Fepii A IM. Jb a0 b 50 Toll b B AL, 2018 28+
248.

Shi C, Zhang Q, Wang S N. Numerical simulation
technology and application with particle flow code
(PFC5.0)[M]. Beijing: China Architecture & Building
Press, 2018:28-248. (in Chinese)

FER, KM, TTEE, F . BIEEERBN Lk
1a] i 5 AR R LB B OC BT (] o R DA,
2021, 43(#42): 117-120.

Wang H, Sun Y H, Jiang J H, et al. Mechanism of
bearing capacity of vertical anchor plates in sand consid-
ering interface friction based on DEM method[J]. Chi-
nese Journal of Geotechnical Engineering, 2021, 43
(Sup2): 117-120. (in Chinese)

BT, BTG, INER, 45 ARG R R B =
k4 & PFCFLAC #3 & Bt [T]. st Jie 5
TR, 2021, 4103 2) : 3344-3346.

Hu S X, Jin X G, Sun G D, et al. Triaxial test and
PFC-FLAC coupling simulation study on material pa-
rameters and deformation characteristics of soil-rock
mixture[ J]. Chinese Journal of Rock Mechanics and En-
gineering, 2021, 41(Sup2) : 3344-3346. (in Chinese)
SR &N O 6 &l IR R E BT i 6
BEL ¥ 2 B 0 [T ] By 9 R TR 2 4, 2023, 43(2) -
250-258, 269.

Wang T, Zhang L, Liao F J, et al. Analysis of anti-

[22]

(23]

[24]

[25]

[26]

[27]

slide performance of slide-resistant piles of aviation fuel
pipeline under landslide disaster[J]. Journal of Disaster
Prevention and Mitigation Engineering, 2023, 43(2) :
250-258, 269. (in Chinese)
A B TR H AR B - GB 50030—2013[S]. Jb 5T
R Tl L, 2013,
=R A DX 3 J5E I B IR AR R AR L e R Xl R
FRIA LR B R R BESR [ ST i H [ Bk
A, 2014.
Headquarters for geological disaster prevention and con-
trol in the three gorges reservoir area. Technical require-
ments for engineering geological exploration for geologi-
cal disaster prevention and control in the Three Gorges
Reservoir Area[S]. Wuhan: China University of Geo-
sciences Press, 2014. (in Chinese)
Jlfd, oA, B, 55 ORI R TR A ) 4
NV B3 B A R AT LT]. & 2 J1 %, 2009, 30
(6): 1549-1554.
Zhou J, Wang J Q, Zeng Y, et al. Slope safety factor
by methods of particle flow code strength reduction and
gravity increasel J]. Rock and Soil Mechanics, 2009, 30
(6): 1549-1554. (in Chinese)
VL, FE A, BRBA M, 45 . 03 A2 1 ot B 37 9 ki
BT T AW S bR S [T]. TR 5
A, 2023, 55(5): 50-60.
Jiang W, Yan J Z, Ouyang Y, et al. Calibration of mi-
cro parameters of particles in granular discrete element
method to assess slope stability by strength reduction
method [J]. Advanced Engineering Sciences, 2023, 55
(5): 50-60. (in Chinese)
PR SRR A R AR AR M R 0 A
it T B[R] BE A SBROE A BR A A
2021.
Zhongjia Survey and Design Co. LTD. Construction
drawing design report of Jiangnan Chengshi Square
Slope, Badong city[R]. Yichang: Zhongjia Survey and
Design Co. LTD, 2021 (in Chinese)
LA, LA, H AR BGHEAE SC HEBE B9 A FR T o A
SWSELT). MR 2 S T AR SRR, 2005, 1(7) 2 1096-
1099.
Wang J, Wang L, Xiao Z R. Analysis of the interval be-
tween double-row piles by finite element method [J].
Chinese Journal of Underground Space and Engineer-
ing, 2005, 1(7): 1096-1099. (in Chinese)

(AL tpdt: B E)



