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Stability of rigid retaining walls for finite soil under the grading condition

LIU Xinxi, HE Cheng, WANG Weiwei, LI Bin
(School of Civil Engineering , Changsha University of Science& Technology, Changsha 410114, China)

Abstract: In order to verify the rationality of the simplified calculation method for the stability of rigid
retaining wall with finite soil body under the state of slope release. In this study, various influencing
factors such as soil cohesion, friction between the fill and the back and bottom of the retaining wall, as
well as the load effect on the top surface of the fill were considered, and a theoretical model of the
retaining wall stability was established. Based on the upper limit method of limit analysis , the
stability coefficients of the rigid retaining wall with a finite soil body under the state of slope release
were obtained. The results show that the stability coefficient of the retaining wall F, is proportional to
the soil cohesion ¢, the wall-soil interface friction angle ¢, the bottom friction angle J,, the wall-soil
interface cohesion c,, the bottom cohesion ¢,, and the internal friction angle of the soil ¢. It decreases
with the increase of the width-to-height ratio //H, and gradually tends to be stable. In addition, the
rationality of this simplified calculation method is verified by comparative analysis with the Cullen
method.

Key words: sloping limited soil ; retaining wall; sliding stability ; the upper bound analysis

VTAESR , Bl 25 J Al 142 it 15 O AN BT R v TR UL, THA PR F AR e PR OCHE . e RIS 3
BEPY S AR SR ST AR R S5 S I T R E MRy argE, kiﬁ/‘”%%ﬁﬁﬁi@m{%zjﬂﬁzﬁ
RETABRTEE LR XXM TR TGN 1 AR TR R R AR e . AR, XA
%5 B 9 :2021-08-20

HEWE : FHE A SRR LRI B (51674041) 5 155 4 WF9¢ AL BHF A7 B (CX20200839)
TEE B XU (1963—) , 5, KVPH T R2A 80, 5t 4 20 . B-mail: 849624096@qq.com




= F+

if

#_

5 T 2 % 39 %

SRR M A 2, ELER X AR RO A 1 T X BR A
WP B e e MR R ST S B UL . PR, XX
T AR PP R e M A T IR AT+ B2

H AT, AN 7R 222385002 TE R R 44 1
S fa g YEFEAT T AFSE . HANDY'' 658 7 WA 4T
PAAERE R IR RRE B, O S T RN
JE S50 A i A 200 FRYDMAN 4502775 48 3T 4k
FHTAL RIS T AR RR &= A B A A W 4 4 A
B+ MRk R PR T R . R
FAR I BOE SR R A A T RIOE L4t i
BRI IR T W L EEAN S LR, S
MAFESTERS PR, B8 T O 5
T BEOL RS B, ST T AR R 3 sl 4 R R
AN TR B PRAE G BT 8 R A R R
My, 75 2] T 6P AR R 3 s+ R i EA R
XUARTIFSE T P A e Pk 7 R H AR B T,
IR AT I BRI BRIE W P 5% 5 AR E— A
RARBEAT 3 AT, R RO = MBI A )
(DCIPIESVY SIS N S E S S s e & i
R e S AG A AE AR AR - R I B LT it
FH MATLAB 4, A5 H $4h5 Feoe M R A e i, OF
AT T SO A I RS T R ORI 24 A ) UK
Peo XUFESESZ T £ 4% BT Sm Z R R ) 15
U RV e T o = =) Y SO O 3 g g = e
AT ARD AR R B % 42, 3 1 A AR
RIEE JE B B AT R — AN BUZE R 240
AR R X2 TR B — 2% DA A 1038 A 3 1T 1Y 4
PEAT o D7 MG A3 T AR R F- A BRI W R TOE £+
BEAA AR A3 B T R S

X F A B A NI P s AR T AT, 2R
137 FRA R . AR A L TC R M I A R i
FEX G BUE A L SR T R 1 A
NI IER S ST A IS T
J'& T ICEEME AR5 3h S A RS R i
Bl K 18, A T AR AR T RN - 4 A
o FEMSZET O A R+ 0
R, s HEZ BT S AR PR 2 A Kt R T
350 g IME A R 25 IR HERON Y A1
LA BR R AT TS . AR AE T i
BERIFEHEAT T AER K S50 T A BR 98 B D0 R M 4k
() F s+ s, 75 T ORI 5E R A AR BER
LN e ol A5 B i TR E N S A DU B R

38

FR G2 1 1 A W PE 5 3 B 1 T OKFJE e B
5 AP SR R WIS 5 80 5 Ay

RARZAHNC 25 PR A Pk BE T4t ) 2
TA R (B E XERCHOR 2SR B L AR ST L
Ao T AR A M IR BRP B 4 T AR OB R
AR AR E S R sl TR TR A 2 (H 2
THEE R Ty W AR AT R A B
B, WESE T AHABIETT | B e 5 U133 b SR O
AR WA BR A, 25 18 1 1 28 13 o AR 39 T 135
TOUTH A PRI OO, £ 57 T OB A T Y 8 R )
THERRL, S 0T 1 2% Z 00 i BR BB A F0 E 5) +
JIHYFEE I 38 AR g g e 1 s SRS B
X LA (IE TN GO A BR AR, 00 PR E
PERHAR AT 5 LRy SRR R LA R

L b ATid, HATOC THOBOCIR A A R A A HI
P i ) AR MR FEAT AR T o R B A 2 R
JEAN 42 5 R, A FF Rt — P R ST, I,
ABIFTE AR5 5 55 5 B BB AR IF TR R T
BRI AT 1 BRVE , 45 HE ORI T A R AR
SR E PR RT3 Tk A WS P s T i
Fio [RIE, 20T 15 SR TE R EE BRI B
1 i S IR R 9 A MR b SR IR R 2R ) A S O
SAREVERIRL IR, DU I TR B HREIES %

1 MERSEEREEITE
1.1 BN EREHEILER
FEPS A W sh i R, HO P R AR 3
WE 1R,

BEABEMT

1) B JE 34 B A+

2) PikEAE LRI PERE A kA A
PR T A R B

FER TP R BT R R ORI
FhbE A B R KO 5 WIS 5% & H I
BEUREE N by 335 5 T TR A PR S R L Sy P
B3 I TR Ay R EE TR T 07T 5.8, A 4 - 355 RS T EE 48 4 5 Vo
PYBE A2 Zh R BE 5 v, O U 5 P 5% 9 AR X iz S
JE 58 Y 5% 5 I A 0 AL EE I A s v, R LA X2
Bl B 5 o SRy b R N B A RLIEIE fA Ol B
M a.



%54 X H &, AR S TR AR A 3 B S A AT
. 1.2 M ERERERE
l J' l l J' l o7 AR BR 4347 1 BRI , 445 181 1, W9k s i
A B . W ABEO XIS 3+ T35 T3 ) D) A S BE A
PR W .
ol E JL 1) YA iy 48 P BN IR W, .
< e v )i a1 4% P A€ ABEO X 38 _E A2y, K % 4 AB.
’ . s PHFREE DT T, 5V I 90" + ¢ — afyk
o HERIKRACH
VV;\ f 8 W, = Plsin(a - @)V, (5)
Fod. 0 c 2) ABEO X33+ F S 8Tt w .
MTW H 07w  EEm T, BV, Jrm kAl

Bl #xdAaa gy
Fig.1 Theoretical model of retaining wall stability

AR P 1R 7S B9 LA OG &, Al RLSK H 4% 30 1Y
KEE:

AB =1
0c =1+ tail[,B
OE = (I + ta[Z,B sin(soltnf B)
0D = (1 + ta[:B sis:(lfsirHZ)
_ H i
DE = (I + - S;I(I'SCZSZ)
H . sinBsi
h=H = o gﬁfﬁ)

(1)
AR BRI Hr EBREE v,V V, 34K ik b il
AR AR R K 2 s, 3k

V.+V, =V (2)
NV-a+e+d
\
a - @ + 9§, %
‘ 90 - & - §,

2 BERXFXA
Fig. 2 Relationship between velocity vectors

WG (DS E 2B JLSE R, LU =P IEX
SEHL, A4S

cos(a — ¢ — §)
V, = V. 3
‘ cos(8 + 8,) (3)
sin(a + 8, — @)
V, = . V. 4
b cos(8 + 8,) ‘ (4)

90° + ¢ — a, HFEKRLN

W, = ;y{lH - z(z +

H ) sinBsin « N
tanfB | sin(a + B)
H ) sinfB cos
tanf ) sin(a + B)
Arpoy MEAERE,

3) W AO B BERFERL D 00

PUILTE ABEO 1) AO Jyhis £ 51, AO Ft T (9 &
R0k, E R R

C, = ¢, A0 = He, (7)
Ko, Wi REFERTT .

C, 5V, BJfMNes, N e

H(l + ]sin(a - QD)V(, (6)

HAEH D, ML
NN

D, =-cH

sin(a + 8, — ¢)cosd
2 8
cos(6 + 8,) ‘ (8)

4) #Y EO R pyREEFEHL D 0
PUi1IE ABEO 19 EO SR 38 4 14 1 2418, EO FL 18
A EEEER Sie €, R 1 s Hgeih =l

== H sinf3
¢ =cEO = C(l * tanﬁ)sin(a + B) ©)
A e HIEEFER T
CH V. J5m e I, WRE & FEH D, 7] LI
RA
_ H sin B cos @
Do = c(l " tanﬁ)sln(a + ﬁ)v (10)

5) WP IR FO BB FERLD 0

FO N R5E 50, FO R B R I1idh ¢,
W 1R, R R A

C, = ¢lL (11)
Hfree, HiE LR EER T

C, 5V, IR 6,, MAERFEHLD ., 1] LRI N

39



5 T 2 % 39 %

cos(a — ¢ — 8)cosé,
cos(8 + 8,)

6) P4 BT TR W, .
PR D MR EN T, 5V, kMmN
90" — §,, H:FEIKA

cos(a — ¢ — O)sind,
cos(6 + 8,)
A w oA T
7) ST RE PR R T AR
BT BR 5 #r 1 FR VL, ABEO X B35 + 1 T A7
ST A S g AR AN %
W+ W, + W, ,+Dy+Dy+ D=0 (14)

p

IF

Dy =-¢,L

v, (12)

W, =-W, V. (13)

Plsin(a - @)V, +

1 H sinBsin o
~~lg -
27{1 l(l * tanﬁ)sin(a + B) *

H ) sin B cos a0
tanf ) sin(a + B)

H(l + :|sin(a - o)V-

cos(a — ¢ — §)sind,
W, vV, -
" cos(6 +8,) ‘

sin(a + 8, — ¢)cosd
cos(8 + 8,)
c(l N H ) sinfB cos @
tanB ) sin(a + B) °
cos(a — @ — 8)cosé,
cos(6 +8,)

A (14) Hp B 6 T, A0 1 5 T R R — 3,
NREREB IR NG =T, BB SH — 138
V., IV, 3+ X ABEO Wyia 3h i JE % S8 V.
B, B .

1 H \ sinBsina
2){”{ l(l+ )

c H V., -

(15)

¢, L

V.=0

tanf | sin(a + B)

H \ sinBcosa | .
ik -
* (Z+tan,8)sin(a+,8):|sm(a 2
_chos(a—go—ﬁ)sin&d

cos(8+36,)

sin(a + 38, — ¢)cosd (16)

-c H

cos(8+6,)
el H sinf cos @

tanB " sin(a + B)
cos(a—¢@ —8)cosb,
cos(8+36,)

+Plsin(a—¢)=0

-c,L

40

1.3 HETREMRE

7R Bl R B R A P R P ek 2
 SW. + 3D
L= sw .. ()
T

> DR SREEAEHON R,

X W e 2NN R AT B BT 5

S W e FEN N TN R TE DY SN

A0 Tyt G D 3% R T R G E
P, S W, 0. FELE PI5ER A E R, 55k
JHBE DI AR T4 B R G RRE M, Wi
S W, RALEIAYEX ABEO X IRIE+ W, 5 P HY)
W=,

ngﬁgitive = ng + Dy + Dy + Dy (18)
sznsilive =W, + W, (19)
XD =D, + Dy + Dy (20)
Fr(18)~(20) 4 AZL(17), AT
_ K
X
cos(a — ¢ — 8)sind,
K, =W,
: " cos(6 + 9,)
sin(a + 8, — ¢)cosd
c . H
cos(6 + 9,)
: (22)
H sin 3 cos @
cll + -
( tan,B)sm(a + B)
. Lcos(a - ¢ — 8)cosé,
g cos(6 + §,)

K,=Plsin(a —¢) +

1’)’{[H—l(l+ H )smﬁsma N

2 tanf | sin(«a + 3) (23)
H \ sinBcosa | . 3
H(l+ tan,B)sin(a+,B)}m(a ®)
M5 (21) 1 A1
9. _ (24)

Ja

LU X Y o R SRR TR B  iRR
PRBF f/ME. M F, = 1 5+ RS04 T6E
P AR FRIR S

2 ATNIGIE

IR T A B R R SR I TR H R
ML SR [ 21 130 B R E M R A, T 5%



x| # 5, F

% 53

AR A TR AR R P 3 R

BAS AT

LS R AEATR LG, [R5 R4 T3 £ s SR
PHRE AR S PSS R AT X L o B 5 T 9E B
0.5 m, JIX I 5 &£ 7 4.0 m, P43 55 B4 10 .0 m, J7 IS
A0 407, PG B 25.0 kN/m® . SR IR 1.
Fz1 F A ExA
Table 1 Calculate the logarithm ratio of ¥,

= c=5kpa | F H=] o= 1ok | IF
10m #® m &
R S SE <SP NI B S O S
F F. % F_o| [200F, | i
01 | 066 | 072 01 | 094 112
02 | 060 | 064 02 | 086 | 09
03 | 056 | 058 03 | 081 | 086
04 | 054 | 055 04 | 078 | 080
05 | 052 ] 053 05 | 076 | 076
051 0.74
06 | 051 | 052 06 | 074 | 074
07 | 051 | 051 07 | 074 | 073
08 | 051 | 051 08 | 074 | 073
09 | 051 | o051 09 | 075 | 074
10 | 051 | 051 10 [ 076 | 075

H13 1 RIHI R 1k AR R P BEE 1/H 13 R T ik
/N IR 58 B LRGN, 32 8 1 > JCBR AR A
BT B RE TE R R 5 3CHR[20 JAHEL , 1205
5 F A A — S B TR R

3 BHBRMESN

R T AT B SEOT PR PR RS, DA
PORAST B9 RV LA ), R G T % L, P
JE oy, = 250kN/m’, £i5E & EH = 10.0 m, P455iK
AR FEL, = 4.0 m, $45% 10 58 B4 0.5 m, I 4 T3
6l = 8.0m, - EEy = 19.6kN/m’, IH + P JFE

Befire = 20° WITRESMS = - o HIHES
%&=%%ﬁi%%ﬁc:mw&%iﬁﬁ%

B, = o0 R E RS =
tan ¢ tan ©

JEMAB = 407, B fifiizk P=0,
30 ARMBATUHMEEM R F 2N
FEAR R A SR AR I LT, e I - R
F e MUHWBUE . ANEcWIEH T, F. 5 UHXFZ 0
B3R, ME3ATLLE KA 53R 0

jt T RECF L F I AE R B R TR LT,
TE AR L e L 1H B3N S 538 0 AR
ﬁ;ﬁlﬂ%ﬁ%‘%j} AR A SR EUATR] 5 25 I/H B R

T 0.6 )5 F80E REF FEAREFAZL
1.6 —m— c=5kPa
—o— =10 kPa
14k —a— c=15kPa
’ —w— c=20kPa
— 5 v v
1.2

1 1 1 1
0'40.0 0.2 0.4 0.6 0.8

IIH

B3 RREAZEATF -UH)®HX%

Fig.3 Relationship between F_and /H under different ¢

32 EEASESMRBEMURHEF HXW

FELRFF A SR A AN AR I B0 T, 078 355 75 1 R
EEAf & Sl I TR BEHEE AR 8, I UEL. 8.6, 5 F.I KR
WK 4 s .

24r1

+8
64

"0 10 15 20 25 30
FEYEA ()

B4 F56.6,% %
Fig.4 Relationship between F_and 8, F_ and §,

INET 4TI LR R M 2R B B35 7 T PE 4
£ 8 MYHGRMTIE A, B F T R M OC &R 5 2 HiA
SR BUE I FaE Mk R R BN IS T EE 4 8,
MG ;0 s KN T8, 1 .

33 ®BRNc B WMBEYREF BRI

i A AL A @Jc o HFRER, XPR

T AR R D 458 5+ AR R T e, I HUE

41



x @ A

#_

5 T 2 % 39 %

HAZMAAE ;@ BB K I F R T e FEUE, H
RAEMAZ, HeEREs iR, WESAT A
W R e R B R B A AR R T ¢, BB KNI
K, HZHE MR R PR et R 8 F K
BENREE R ) o) WIBERIMG K, FLh Zi TAT 50, 19
B R T ¢ 1.

1.4
c\‘v
€
1.3F
o
12+
1_1 1 1 1 1 1
3 6 9 12 15 18
B 1/ kPa

BS5 c.c5F %%
Fig.5 Relationship between F and ¢, F, and ¢,
HT MEER o MTREM R F B
MR B o B, AR AR AN AR
if, F. 5 @ BISC RN 6 iR

34

1.81
1.5F
=" 1.2F
0.9+ /
/
0.6 ! ! ! |
5 10 15 20 25

ol (7)
B6 FSe#ixi
Fig. 6 Relationship between F_ and ¢

M 6 T LAt B P R EOF, BESE 4 N R4
@ BRI R, HBE @ B9 K RUETER TP 1Y
B B SR OB

4 ZHig

AR 5808 CHOIR 2 A7 FR R M 441 45 A AR
SEVEREAT T 087 AR I LU R 451

42

1) AIFFE% J& 1 A A T ey 2805 P 35 B 46
VR R L 5 0 050 05 R UG 1) PR 45 T L B A
R IT B0 R R R A b Bk WP T P
TEF AT MRS E R, A g T R it
i, ST T OBCIRAE T AT BR R MR P AR A R
A PSSR

2) A A SCR B 7k, 2 AR TE R
TRETCRR AR R A S PR T R T A
AT, Wik 7 AT VE IS B S IR

3) PR AR E TR AR RBE AR Ty i S
AR I BT R SR R 0 oA R A A R
K558m0 R HE G &R Bl B2 e L A3 22 e ik
Ul 12 W A TR E

S % 3k (References) :
[1] HANDY R L. The arch in soil arching [J]. Journal of
Geotechnical Engineering, 1985, 111(3): 302-318.
[2] FRYDMAN S, KEISSAR I. Earth pressure on retaining
walls near rock faces [J]. Journal of Geotechnical
Engineering, 1987, 113(6): 586-599.
TAKE W A, VALSANGKAR A J. Earth pressures on
unyielding retaining walls of narrow backfill width [J].
Canadian Geotechnical Journal, 2001, 38 (6) : 1220-
1230.
P AT, 0, PR . 5 1 AW iR gk 2 B 4
JET3or A 7). 2 TR AR, 2007, 29(5) = 717-722.
YING Hongwei, JIANG Bo, XIE Kanghe. Distribution
of active earth pressure against retaining walls
considering arching effects [J]. Chinese Journal of
Geotechnical Engineering, 2007, 29(5): 717-722.
PSR b N SN = N 7 77 o8 o713 QAU | 3 R ¥ e o
FEIHE 0530 ). A E A A4, 2010, 23(1) 2 19-25.
LU Kunlin, ZHU Dayong, YANG Yang. Calculation
method of active earth pressure under non-limit state
considering soil arching effects [J]. China Journal of
Highway and Transport, 2010, 23(1): 19-25.
REK, B, S, 45 B R R s 5
WHITEM T A £ J1%%, 2013, 34(1) : 148-154.
XU Riqing, LIAO Bin, WU lJian, et al. Computational
method for active earth pressure of cohesive soil under
nonlimit state [J]. Rock and Soil Mechanics, 2013, 34
(1): 148-154.

XIS AN TRVSE A A O 4358 R T A AR E 1 R



X HE 5 AR SR TR ARR) S S A T AT

[9]

[D]. EJK: BERKK, 2015.

LIU Jie. Upper bound analysis of stability of retaining
wall and anti slide pile with different displacement modes
[D]. Chongging: Chongqing University, 2015.

XIFE, T Mgae . WIVERS TP A AU HUE RS E 80
T B [T]. £ %, 2019, 40(2) @ 506-516,
528.

LIU Yang, YU Pengqgiang. Analysis of soil arch and
active earth pressure on translating rigid retaining walls
[J]. Rock and Soil Mechanics, 2019, 40(2): 506-516,
528.

AT . WIS g 32 3 b R ) R R S AT
FEID ] % KK, 2019.

SHI Weizhe. Model test and analytical research on the
active earth pressure acting on a rigid retaining wall[D].

Xi'an: Changan University, 2019.

L1011 J7 M5, BRICHE, #memk, &5 . BAOE S L ik 1% )

WAL sgl P45 TR, 2021, 37(1): 69-74.

FANG Peng, CHEN Wensheng, JIANG Maolin, et al.
Calculation of integral earth pressure of circular retaining
wall [J]. Journal of Transport Science and Engineering,
2021, 37(1): 69-74.

BEEA, BR, WS 5 IEAR AT T 2 AN ) 5
M P SR RS L b 2 ORI ] B A %S
TR, 2011, 30(HH) 1) : 2970-2978.

YING Hongwei, HUANG Dong, XIE Xinyu. Study of

[a—

active earth pressure on retaining wall subject to
translation mode considering lateral pressure on adjacent
existing basement exterior wall [J]. Chinese Journal of
Rock Mechanics and Engineering, 2011, 30 (sup 1) :
2970-2978.

(12 W, SO, BIAAE, 45 555 A7 BR9E R o Rt +

Ea £ P (1] A L TR, 2016, 38
(1): 131-137.

YANG Minghui, DAI Xiabin, ZHAO Minghua, et al.
Experimental study on active earth pressure of
cohesionless soil with limited width behind retaining wall
[J]. Chinese Journal of Geotechnical Engineering,

2016, 38(1): 131-137.

(13]G, 25000, BhSChE, % CRiEA Rk 28 +

FE 3 b i [7]. 5 755, 2016, 37(9) : 2513-2520.
WANG Yanchao, YAN Echuan, LU Wenbo, et al.
Analytical solution of active earth pressure for limited

cohesionless soils[J]. Rock and Soil Mechanics, 2016,

37(9): 2513-2520.

(14] Wi, SRk, B WA . Pk S A BR 58 2 1 1A - 364

NE AT B b Ak T ] e R 2 ik (SRR
fi), 2020, 47(3): 19-27.

YANG Minghui, WU Zhiyong, ZHAO Minghua. Soil
arch effect analysis and earth pressure calculating method
for finite width soil behind retaining wall [J]. Journal of
Hunan University (Natural Sciences), 2020, 47(3): 19-
27.

CISTERE PR, fmbt, FeE, 45 . A IR AT % 8 L B0

(9 AR BR 8 1 R i [0 ], 2 - TR, 2020, 42
(2): 362-371.

XU Riqing, XU Yebin, CHENG Kang, et al. Method to
calculate active earth pressure considering soil arching
effect under nonlimit state of clay[J]. Chinese Journal of

Geotechnical Engineering, 2020, 42(2): 362-371.

[16] JIAO Y Y, ZHANG Y, TAN F. Estimation of active

earth pressure against rigid retaining walls considering
soil arching effects and intermediate principal stress[J].
International Journal of Geomechanics, 2020, 20 (11) :

1-8.

(171777, Wi, BT, &8 RORSE A BR LA LR

T B O S BE S B (1), R s S DR AR,
2019, 15(6): 1699-1708.

FANG Tao, YANG Simin, XU Changjie, et al.
Experimental research and numerical analysis on active
soil pressure of limited soil under water immersion [J].
Chinese Journal of Underground Space and Engineering,

2019, 15(6): 1699-1708.

(18] X8 F . A FRICREVE ST 1 WIS 5% 30 L5 it

[T]. A B4R, 2018, 31(2): 154-164.

LIU Zhongyu. Active earth pressure calculation of rigid
retaining walls with limited granular backfill space [J].
China Journal of Highway and Transport, 2018, 31(2):
154-164.

(19177 %%, ik, HBtei, & . MO A F AR LR ES)

TR, AR AR 2SR AR, 2016, 33(4) : 50-
55.

FANG Tao, WANG Hailong, YANG Ruirui, et al.
Active earth pressure calculation of limited soil in
grading conditions [J]. Journal of East China Jiaotong

University, 2016, 33(4): 50-55.

[20] B AR, B9 ARaR, XUBELE, 45 . OO AS A R LA W4

43



xo@ A

#_

5 T 2

%39 %

PhE 5k sh g (1], K SCH T TR, 2018,
45(6): 63-70.

HU Weidong, ZENG Lyuxian, LIU Xiaohong, et al.
Active earth pressures against rigid retaining walls for
finite soil under the grading condition[J]. Hydrogeology
& Engineering Geology, 2018, 45(6): 63-70.

[21] ER T & 2 012 S TR FORIYE . GB

50330—2013[S]. Jbat: o EE ST Tl i Akt , 2014,
Chongqing Urban Rural Construction Commission .
Technical code for building slope engineering: GB
50330—2013 [S].

Building Press, 2014.

Beijing: China Architecture &

[22] Wiigd 25 . B0k F2ah £ Ry gk 3 (0], KA 24,

1991, 22(1): 55-64.
GU Weici. Calculation of active earth pressure of
cohesive soil [J]. Journal of Hydraulic Engineering,

1991, 22(1): 55-64.

(23] 5KAEGE, BRI, BeARd, 45 RBARUT MIPERIRAT R

44

F AR T R E oo S e [I]. A )
2%, 2021, 42 (10) : 2895-2907. DOI: 10.16285/j.
rsm.2021.0458.

ZHANG Hengzhi, XU Changjie, LIANG Luju, et al.
Discrete element simulation and theoretical study of
active earth pressure against rigid retaining walls under
RB mode for finite soils[J]. Rock and Soil Mechanics,
2021, 42 (10) 2895-2907. DOI: 10.16285/j.
rsm.2021.0458.

[24] b WIHE, SeikiBs, BUBAAE . P35 A BR 56 2 1A - 3k

NEAF AT B b ST [T ] W R 2 ik (F SRR
W2 ), 2020, 47 (3) : 19-27. DOI: 10.16339/j. cnki.
hdxbzkb.2020.03.003.

YANG Minghui, WU Zhiyong, ZHAO Minghua. Soil
arch effect analysis and earth pressure calculating method
for finite width soil behind retaining wall[J]. Journal of
Hunan University (Natural Sciences), 2020, 47(3): 19-
27.DOI: 10.16339/j.cnki.hdxbzkb.2020.03.003.

[25] 5 2xni . 34 35 b A E Wl IR 1 6 T 5 -5 (B A 40

[D]. L. FFFREE, 2007.

WEI Huiqiang. The test research and numerical analysis

for the progressive rupture of the soil behind the retaining

wall[ D]. Shanghai: Tongji University, 2007.
(RERE: FF ;B Tk RXHE AHTH)



