2022 4F 12 A
55 40 B4 6 1

Journal of Northwestern Polytechnical University

Podb Tk K2 % Dec. 2022

Vol.40 No.6

https://doi.org/10.1051/ jnwpu/20224061366

TIRMMGEIEELENS T RETET R

FRER, PR, FIF, AEE

(WL Tk K2 +ARHR SR # 5, Wdb R 430068)

i E.EXEASAIELS A kAU R R PSR, @A RTT SRR T
AR LTy L33 £ LEA G K DN Fe AL, S6 0 SNEEA QI ERFER BA*TER
RS T LR 7k, O SR BN XA A FRTBAL M Fo 52 28 R BEAT 400 BodE 528
M, ZRER L E A BAL KD 2 B £ TR E A B o 2R B A B A R B3 |
T EAFBEBAGAEY BIELEAKRDEREZAME, AT Tof L35G L EARMIREE
AR EFRK, R E BRI L3, RARAZHAXFRWERPRESHAELRS

KM 25 R AR —B R T B AR GG

x #
HE S ES TU43 SCERARESA

T 455 RN G A s i e AR
FERCHEEN R R 189 A A SR vk —
LN £ P55 BF 55 X A )8, Chowdhury
FEBUE TR ) 4 R 07 5 AR T (R A 7 X6
FEBRAIE | FEF LIS R R X £ - B R S R AR
R RIATINSE B0 TR E S Eai LRz
I IH— 16 3E R . Ahmadabadi %' 56 F K F- %4
e, T AT X R [ A A 4 8
F 3RS 7. Vahedifard 285 M EE T — R
S HTHESR PRI S AE ARARR TR A8 2R 25 4 B k% 3
BRI AT TR A i b O T SR B 0
TIFTRERCRR, HeAh, A R oo ik PR 58 38 i 4L
SR SRR RO TR R, B TR 2 P
R —FhsRg i EE T AN KRR
W, 5 ARNN LA L, I b e BRI B A5 T2
PERE T TR I AT, £ TARME A —Fh kL, 2
T AR 0 AL, AT LAREAR Al 1) 7
) Bt A S s R S AR AR 2R AL LR
R BRSPS T A7 - P45 - R Sl g R

8 B #9:2022-03-10

W EE A AR, £ T A Ao A £ 53 SRR A
X E S :1000-2758(2022)06-1366-09

PRAF R, Allen 50O T KW EE 4 R 55
HR R A 7 SRS DR M

Xt T A 8 B R R R A R T3
B EAIMEF R T ARSIk AR ER B
W RBROT- i s A 2] 4 T 4 . Bathurst 551 T
S — PR B TAR R 3315 07k, T80 +
il B b T, DB K5 10 B 4R
FIHI S ATTE DL, Silvestri' ™ $ HH —Fh 5 B3 15 1 e 3
AR B 0405k 8 E TR 516
Cheng' ") $i H 7 by 52 47 B0 FH 0 24 00 00 1) £ s
T RS L TT e A L e % 070k | e A TS AU
Wiy W RE S Sy i i sh + I Jy . Liu %07 e &
by R — T U ) AR R SRR
WY, ML AR K T P R L, 3230 Tk Tk
S A2 B BRI VR, X —H A R B I S (E
NTEF TR, WAl Plaxis3D
A BRTTERAF AR ST = 4l B 25 e S0 3y £ P AR, F
FE T AEANR] s 5 G AN TR 4805 20 il 44
St = HESHASWEI N AN 3 A AR R G X AN [ o A

E &I QDT AT Al B % T (2020020601012278 ) | [ 52 [ SR B2 2k 4 (52278347,

52108315) Idb4 & S 0T & 3R] (2022BCA059) 5 i Tk K2FAs A A H4: (XJ2021000501) 5 1
EHE BN 2= (1978—) WL Tl REF2#% , 5N + MR 35T
BIEEE AT (1989—) , WIdL Tl R HIm 4 | =2 ARl ar H AR et o 5 R 5 .

e-mail ;792116933 @ qq.com



%6

AR, 5 - b AR N A3 b R - 0 A3 B B AR ik ik

- 1367 -

TEOUA T BIFSE A BRAE b BB Aar 28 A T 1 358 15 o) 4+
FE 3R KA s P g Ak 70 5 1 2 33k T AR AL RS 3 T
HNEE 52 11 A7 BB 355 T B A0 B ) 17, FE 5
P43 R i S P AR RS IR, Fumio %51 il
BRI T o iz i Bl )2 AT — 2D T, 4
F W SR PERERE AN 0.3 mm LI S 1 475 T B
(3 R BCE AR SR RS 2 7]
FEA R RE A% 22 0 ARV 18] N AR S5, R AE T N RE
B A A1 25 I . Tatsuoka F1 Haibara'"! 75 K THi 2
BRI RSN [R) O # R E 3R T 2 [H] AT T
— FRI H B, R I 5 PR I BRI AT 6° ~9°
Z 0, SR FH e 2L e R R ek ¥l i) 94 J2 R AT 1) o
PR 11 LU Y T B Y 5 5 AR A 2045 £ . Ruiken ™
FET AT UNA R 25 0L, K BLIE IV 7 S 5% e S B8 452
FAMEER R, 25 FRTR 0 R 5 e o8 A i #
S S PR TR W] 52 B AP EE S A S (B AE L

o I, 755 I8 SISNEESE A AR DL R 38 i £ 5
BT RANFI AT LR BT 5 B — 2D T g

ARSI IS BRICHA S 1 sl P i A
BB T AR 00T #2451 D 5 45 0 1 37
Mo eRAL I ASACREAE R o AT B RIS, 2% 18 3 4 A
TR EE RO R, T T s R B, e R
PR BRARZS T 4 - 45 N AN EE 8 A B0 R 4 AR R, X
g8 LI it R ARt T TIRIE,

1 BRTHEZRER

AR Plaxis2D #4457 fin il - 35385 A R
TOBERY NN - $4555 R 4320 0t TR AT Sl AR,
I FH AT ARG AF 78 B XA R 1T T S 5UEBIT,
B UIE T AR 1 & B S5 A 850
1.1 HES5HREH

TEFRAR V18 B AR 2R F , 3 AP AT 1 B 1)
RAEIE T AEBUEY W T, AR AIEE #8211 A 3007 =X
SR VA6 AT TR Al RE TRRELRES B2, 4 H 3 A Y 5 x B
1 mx1 m( WL 1), 10 AR TR 5 = etk 17 oy 2
Jite M R0 T AR, e T T M, 3 OO ) K
1 mP) - TASME Pk i 4 %t

T FH V- T IO AR AR | 4 ey 7 2% S 0 A
FEXF AL 5 1A B A B AT R N, 2 A
25 7864~ 15 W H1 745 s TG,

HRAEEA BF 55 253112 Al 0 1E B 1 KN 5

M B0 R0 8 AR 4 A R/ NI L 2R AR AH 6 3
BRk[20] , e ANEEIE 1 R 6° AT o0 20 it T AL, i
B AT KT S 45 FH oA 00 2 4 35k i ik 7 T A2 Ak
HhmINIEE R 4 000 kN/m,, AR Hig 52 BR TR 4% &0 FAH
RAEAUBIEFE B 300 45 152 R 3 A VS [ o 24
I, AT MK Z 3R A A2 5% 1 A RN T0 R B H i
mE 1 R,
ESF g

LTI TTT]]

- TAR A

I
) |
et A |
|

E%%ﬁ\l— ma |
////////////////////{g/ﬁ/}ﬂ//////////
|

\ I'm |

Bl B P AN R A

12 MHSH

RS =B 2, 46 AR T |+ T AR
JURTHEIMRERTC , fBE G548 57T | T ARB R LA H Z2
(B BE B AH B, 3 Ao 15 B 5 TR PR G R AL = A3
Z A EAER . 31436 H Mohr-Coulomb #5174 | 5
e FHA SRR RY | A A% BI2E FH ot 9 M A Y ik 47
B, AWFSR B T AAh TPE R b FHA % R,
7 0.85,3 1 HEARR HIESEL

®1 BEEIETSY
HFR HiE HFR gl

THEp,/(g-em™) 1.725 || KB e, 0.842

AT
Pama’ (8 -em™)

1.788 /ML e, 0.482

BONPRE LB o 0.539
Pamin/ (g cm™)
LEEn 0.349 || NEEHESM o/ (°) 60
BAALBEEF 0, 0.457 MXESIE D, 0.85
B/NLBRE 0.325 AHXTFLBRR e, 0.82

SRS b TAS M I EE XS A sk
KNG A AR ) 52 | AR A0F 5 35 S S5 Wi B2
4 700 kN/m fY GL-700 F1 1 155 kN/m ) GL-1155
2 FhARLS + T A



- 1368 - odb T ok ko % R 240 &
1.3 RBIIGIF K%t ) —
b A T AS A I A 2 BORHR 8% = 7 B R e —o— SHHE
FHRGE. T 6 FiRIRD T I T BR T AL, 0 b =P
YR B AROR EAL , I 2 EO R R NSk 2 B g °
w2 mEmHRET S s
H
AR % A B/ m R
0 0 6
1 0 0 02 04 06
5 04 s (U,/H) /%
3 0.25 B2 R IR 5 B B S 45 5 e
4 0.2
5 0.15 2 GRGH
21 XIEAH

SRS AER RGN U, /H<0.01 [ EEN RS,
PUBERE R TR A0 50 kPa Btk , U, /H Fonkk
ks RS U, 555w H W HE, M IH— 1k,
IR 0 25 SR AT 7 — R B b ek + s ke
PSAKE ¥ 1A (TN - RV VS E bty e 5119170

A BRITI B By B e e g T aG i 7E
PHs IOt N 50 kPa AMERIE T, SR 5 X Ptk iR A 7
Pt AT A A% | 20 LA it fin axk A v 4 AR M A0 v
S5 R TG 12 , BB AR B R ) S A SR AL
I AR AR R AR ARSI

S SCHR [ 21 ] AP - 35 A 50 55 ik A %K
HERERY A RSP, P BB RS (K x g x )
1 mx1 mx0.45 m, A< SCR A 02 Z 4 1 1 3 A8 A
AU DRI 220 W 35 i B P R R e R D) 5 e R
SEEGH 1 my B IR 3R A T
1 JI & LVTD f B AL Jdkas , 7R 50 i - % )
W b PRS0 T, R shl AR A )
DU A0 i, $4 835 P90 4 K 38 5 43 J2 2 4

&,

P 2 e TC A5 0F T P A e Y 5 R
B ATEs Rt de, i 2l 5% 4 e A
TR W B A 5 A R T AR (A 45 SR R/ N
A ) 457 72 A R — S50, 2 1T 3 0E T 2000 7 Y 45
BUE BRI E I R OE | AR (T BRI 2
B A 7 T B B R AR

BB ABEADL 25 SR T S 1 Fe J7 At /)N | 3
S TV AR AR AR — A BARR R AT 5 TR
R AL, FERE R b 22 T IR A
(AN ST PR RN A5 1) S PR S AR RRE

= TR WA 3 42 B B 8% AR, AN T
GL-700 Fl GL-1155 + T k&M hn #if7 £ $445% + 1% 1 B
BRI R B Ak an &l 3 B

—— TENf
—— 1 2 TR
—— 2 B TR

10»;‘

2 3L TAR
42 TAR M
< St TR

'C.II -I--l-"'..
*“.... L TR, L

(=)

®,
=3 0000 VIS 9GNP
(2 L 2 @ e d
4: . o0 0000 vv'vi““‘
A
* A
O e
 ah
@ “cr
‘e < et
e

+ES / GNem™)

<« <<
o o»moﬂ”"”

0.0 0.2 0.4 0.6
A—46AhLRs (U,/H) /%
a) GL-700
—— JoIf

or = = 1A

0 —- 22 THH
L — 3 B TAR
b 42 THM
* < SEETAM
Wt

=
Y o

3
»
%2
R e

4‘ A..

T e o0 00000 0 000 0%
oYy, “R00-oq0® seo0geal
Bt S s AR
< “v'vvavvv‘VWV'v". 00
< pt

“« L DRSS 24

+HES) / (kNm™)

< 44
e et

0.0 06

0.2 0.4
A—46ALRs (U,/H) /%
b GL-1155

B3 TARMIIN A 3 A2 fl

1P 3 AT, Bt AT 2= O I e g SR B
T/ I B — A A, BV A Xk A 4 T 2T 288 iz i
e iy 2 A o 6 5, Xl T A S IR 45 S



5 6 1]

AR, 5 - b AR N A3 b R - 0 A3 B B AR ik ik

- 1369 -

BT — MR A AR B TR ASIERE ) A A
B Aar 87 A 19 1 7 38 3 A A A B A )2 =2
e/ B T

Wi 000 1) 57 B 140, A RN A7 J2 550 A 8% +
FEI A BRI X% i T FH 2 S Pk
R Bt I O EA T, = T AR MIRE AL & HE A RG]
L AE R A 2 SR AR Y | S 3Ot AR B RCR 5
RIVIIFEE 2 5, @& 3a) F1 3b) Al Al J5 &
TINA 5 A T 3 %) 24 4% v A R T SSOR A A R 3 2
S, — 2 TR AT LA n A i R T (B T
b 35% ~40% , 24K 3 2 = TS 4855 2547 0
T, 5 {8 AR 40% ~ 60% ., + T R& A NI 2 5
Pissh £ I R/NE A, X2 T+ TR
BEAEIB N 1, A B ml R4 0 ) R4, LW ok
HRFE N 7 B RE 7B | e A i [ AR P - gl
iTEN
22 TEASTH

SFFE A TAS G F 358 = 0 i v B A R
IR ZEM 5 Bi % U /H=0.2%0 , K% T AR T
LTV N 17w B A A 4 = R A =10 o I
RAE 4 FR,

1.0

e
%

0.61

VAU h/H

0.4Fg%

0.2} 2

0.0L%
0

+JES /kPa
a) GL-700

VAL b/ H

+JEJ) /kPa
b) GL-1155

El4 U/H=0.2%40ARE + TS K o A B

VA—Ab 5 BE h/H R W A5 6 ) = B b Sk
= H WA, ST LUE 1, 5 R E R
R, [FE ST AR AR T (h/H=0.8~
1.0) , ZHCTB0F $455% 1 BT B 340 B i 2 34
Ko FBE P PR A I A 00 R R g 6 o T A 0
JEEABEZR VT K, 3 BCTE B 38 I b R T W8N i A
SRR R 5 E BT TR 4 A0 R JEE AL
ANA] 2

A = P55 5 R 0 P8R AH E, B E 4R )
BN, EINA 2 EE £ 85 BB A e AT ) g
JETT o 3 AR P T, 0 2 8 25 U R AN
o XS E 2 B TASME(GL-700 F1 GL-1155) %
B OREBE AR R, £ TR AN R T £
FEITBUE R/ INFE M 3K T 4 555 RS 38 D B8 22 S
K OPMAROR 22 5 AW 38 B Fh s R i Ji R AT
REJE BB RLURE (0 S B SEE A I B 1l 6°, FE T
TR, HEL A 5 A A0 B Ak 1 B ik %o A R ) B 9/ N AR
S S ART H 0 2 SRR o A R A [R] e R
225

B 5 R T 2 Fp 00T 1 T A M-S 485 i AR
FARTRE 8207 A i R85 6 18—k & 3 h/H
o ATESL . & Sa) B2 I, K 5b) S XU
Mo ATLAZ I, 4 A% M55 T AR 3% 422 5 75 X433 1
JE 7 BB R INFN 43 A B i AN K, (E A & STk
FEUR2 ARy 2 A B AR I 2 v AR
KFM , XJE T 32 8 % m Ah AT 8 EH , ik S
FfA 2R A btk o R — A, X R (AR A K T 4%
AR OGS 377 A4 R B L, i LA 5 44 5 T AR 328 42 15 5 X 4
% NS 1 B S

[ —=— A 3%$E GL-700 [ —=— A3 GL-700
—o— & GL-1155 —o— & GL-1155
—a—3E$E GL-700 —a— 3532 GL-700
—v— %3 GL-1155 —v— %3 GL-1155
1.0r 1.0r
= Z
< <
i =
T ost oSt
fug fug
0.0f 0.0r
0 10 20 0 10 20
+HES /kPa” +JEJ) /kPa
a) BN b)  WE

5 ORI A TAS M-S A 122 0 =X Bl 34
B R S153A0 (U/H=0.2%)



- 1370 -

odt T ok K

¥ 5 40 &

6 R TAEAEING T00 T e i idias it S
A IEANEE M EIS TR AR . FEE 6 Pt
BRI RBK, G, B R R 2 A5
FEVEI L B A A 24 358 TOU0 ) B B8 42 45 /N T 22
W&, DL 2 FhBEIE 4 TR 30 25 R ZE R G | o
S8, BRI 1) 57 A% it fin s A e b e ) RO A R
K, R, K, = 0.47 i} flia i #% U /H = 0.005% ~
0.01% , F At Tk + IR ¢, = 50 kPa Y
SMEEEAERTT , L RBO R, 25 RERI
A BRI T AR 16 v BB A0 S e ) B FE 452
TR TN , 0N A A 1A A 5 m AR
TC IR 2 F A0 250N T B0

—m— (R H EAUE S
—0— 58 50 kPa HERBUA L5
—A— 8 H B ) (& RE R )
—v— {UH R A mEE LR (FRMBEEEEE )
—O— ) 50 kPa HERR B 1 FE ) (A IBEEESR )
Lo —— 50 kPa IR + ) (o MmIBEEEE )
0.8
=
=
®
iE
2
T 06
fung
0.4
0.2
0.0 1 ]
0 MR h 20
+EN /kPa

Ko JEfm% il ER I RS T
S A AR

2.3 ERMIEEEERRUN N S5 4
Bathurst 1 Benjamin' > #IF 5% & BH, B (4] )37 7 fifi
H =2 Wb
g'(z)=y xz(1 =2 xK_, xtand,,) (1)
o FAREE y = 171 kKN/m® ;2 268 FE R4 5% TH00
B 5. FR 0 7 ) T B 5 TR 10 5
A,

WS L2 R R K, = K,/
2(1 + K,) N J7 oy TP S 5 RECK, =
0.7"  FE A+ FE 1 ZREGERNE AT A%, mT 2k B 3 3h
TR REK, =047,

A JEE 250 157 ] ARG Py A0 r 4805 |6 Y i B T
TERRAE 45 4 F, JH Bathurst F11 Benjamin'>’ {23
ik

q(z) =gy x e (2)
Kb, g, IS )i 2
C,=2xK_ /W X tané_, (3)

AP PURESERE W = 0.45 m, [F% 0 1 KETF 4K
EjOEE Z [ R EEEE AR S, = 15°,
R 5 000 B A0 07 I 8 3 I ) AT U0 TR
o' (z)=¢g"(z) +q(2) (4)
24 TEHRHE
AR ) B SR BTHn i - R 2
o BB LR AT EARR I EEA . g
AT AR AN EE N B, 4 e 7 R BT H s e T 5 8 1)
(-S4 3500 g OB TR
K=(E,/H)/o; (5)
X E,, K LR T1 5 H PSS o, RS
TS 00 PEE 3550 1 3R AR 1 S AT RN T

o2 T
1 o I
. 2 2Iff
0200 o4 o]
i 42
& @ S MG
W  0.15F :’D e, . -
R < .’, RS
o1or :’o' AAA“A“A“AA AAA AL
44‘ ’,V.v Yy v vwv7 ’v: ’vvv‘vz
0.05F 1 oo te vt
' S PEPSIRRE L S S
0.00L__ , . o
0.0 0.2 0.4 0.6
F—ALREBS (U,/H) /%
a) GL-700
027 e T
1 =]
A" — 2 ENNA
0208 v1% 32
“n AR
%‘@‘ e S JE i
L]
TR N T
=} g’.v: .
A
H 010 “‘l.,":o:...oo. oo ..A.:.A.:
N .'v'VAA - ‘y‘ vy vYLYY
<< ’0. VvV v PR *
0.05F e oo to
. e S SPPEPPPPRRET S S8
0.00! , . »
0.0 0.2 07 Y3
F—ALREES (U,/H) /%
b) GL-1155

B7 AR IR - AR M0 A9 - 4
FABBEM 1 LR AR OE TR



%6

AR, 5 - b AR N A3 b R - 0 A3 B B AR ik ik

< 1371 -

B 7 JER TSRO0 T ikt 5 A o 20t £
FE 77 Z B0 ] 52 7% 1) B Akt 2k, 18] 7a) ~7b) 43
BRI T 2 A [F i A (GL-700 F1 GL-1155) 1

BT Rl LA 7E 28 D73 56 19 40 38 B B
(U/H=0.02%) , 8+ %)) REBUERAL, W4
AN P 05 R A ) RS AR, A Y 5
Ah Pk A+ R IR EEAE U /H=01%40 K4

3 TEATEAREH

HY T8 AR 07 A e A v 000 8 A% 0y 2 7 A 45
S TR 0 A T 0 O i AR A
B ABBE 220 TR EE EEAKONE i 7 A B A PR
R Z R T I B A AR + R 1A
T FRARXS S0k T BB, PR B ) — B A A BROIR S
T BE T IO EE S AKON 1Y) T RO R R AR A
WEY
31 AXES

A, TR R T 7R R A B s A AR
AbF R BRARAS T A e e+ 7 e, IR Ao
R Pk TARRE, 555 T AR Z B AR BRIR A, T
HOEPRAL T PRSI AR FRARE T - % 7738
HANT AR BRARE T R 77,

RN e A B o L W NN -5 S ]
TETARRIZ PR, b A P S B 482 0 - — i 22 [] 1) 0 B
JEE B2 i S WA AR T B IR i, R B3 46 0 A
SE 000 =L R s k= | B0 a8

Bl T 2 G O, i I B e e LR
AT FROIR 2 3 I, oA R AR A W A 4T . PRt
W RSN — > B BT & T2 BRI O
TR A R AEE o, i (6) 5

tang,, = tang, + K,(tand — tand,)
4arctan(S/S,)
Kj=——"> (6)

™
P K, ZOR R RL R T ¢, ZEINAE S /Y
SOMATEIE 5 S, & RSB YRR IR I i) K -7 B8 i, AT
XN 3 T HEATIUE, &, M3 (7) AR AR

2
L_[ 1 )
E) = (COW) + Jtan2¢0 + tan¢,tan 2}
K, =1 - sind (7)

£3 HABEBIRNE LR E
il (VX257
B TH
i B
Wik SRR
Kk GRS

fits

(0.6%~0.8%) H
(0.1%~1.3%)H
(0.09%~0.1%) H
(0.09%~0.1%) H

Kt - 0.4%H
Kit S 0.4%H
FEIH L+ SRR (0.9%~1.0%)H
Fo3 JBORS 4 T 0.4%H
Wt -7 0.3%H
b e 0.1%H
WS SRR RS 0.1%H

Hh D T (0.14%~0.16% ) H
hER SRR (0.1%~0.27%) H
L H A

MR A K ARSI A AT R R BUH R A
RS B U ENEIE T A & S A RS 1= )V PN E LI RSP U N
PR SRR B I A S FRARAS . R, ZKF O
B ES LIRS o, RRTEREN RS T # 1k T
J1o, S EET] o, FIRFR
0. =0, — 0, (8)
PR AR B s e A E SRR
WKL) o, SRR LIRS o, FIRRA
o, =0,c0s0 (9)
WA ) o, BIIAE KA, I AN R F, A
o, =F0,, ki
O =0, = F (0, —0,cosb) (10)
F,om(1n) Xpos
exp[ tan’(45° - ¢/2) 1S (11)
{exp[tan’(45° - ¢/2)] - 1}S, + S
¥ oy = Kyyh,o, =K, yh 1K, fCA(11) 2, RP
A AR FRAR S T 5 RECK,,
exp[ tan’(45° - ¢, /2) ]S
{exp[tan®(45° = ¢, /2)] - 1}S, + S *
(K, = K,cosd) (12)
32 EBWIE
RBEZA G M B 8 R T4t Cou-
lomb 3¢ A BRI 3.1 5 kit A )

F, =

Kam = KO -



< 1372 -

odt T ok K

¥ 40 &

FEOTA AR 5 IMAER 3t

MR LU 7R 3 BN TR I N R AR T
Coulomb PRI XF + JE Sy A w47, 5 520 {8
ZERER JC AR ) 52 8% Wit fin B B¢, Coulomb ¥ 8
AL ) R B /N T, SHARLL,
Uk 2 TR T B 57 4% 1t in 7E B A2 4k
e R PRI

MNEEEA © b 50° T 6201t itk /S 3T 2
SRS 25 B AR, B AR BB, iz

B BTSN T S X n] RESE T e
KRNEEZEMAET , BE KGR RE T | N EEE A R 1%
YERIR ZS RBOR S B0 56 9030 30 4 ) R
TS, XA ELGRAE DS b 2 R ERZE R 2R
PREL, Sk UL IIAS SCHE T AR FRORZS T B4
1+ IRk T 8 AL T AR BRAR S
ISR BEN BE A4, %] 3 3l b i 3 R/ N3 A1 i T35
BT A HL

o0l e AR 0.30r e AR 0.16r e AR
’ —— SR 0.28 —— Yol —— g
—— BRITHE | —— HRITH# 0.14f —— T
0.36f N - SR v S
ﬁ 032 W& 020 ﬁ s
A B 0.20f # 0.10f
+ 0.28 H o018 +H
0.16" 0.08
0.24r 0.14F
0.12 0.061 —1
0.20L__ . L . ‘ . ‘ ‘ -
0.01 0.03 0.05 0.01 0.03 0.05 0.01 0.03 0.05
H—ALARE /% H—AiRS /% H—EARS /%
a)  PEEfR p=40° b)  NEEERA 9=50° o) PEEEf p=62°
K8 it A A S AT
2) P45 R R/NG IR EE R AU OC, AR [R] T
4 %&£ & T P LR RO AR R AR, fE

AR SR FH AT FRIT B Syl b P s AR | b
I8 VAR 00N $4585 RNV A i, ik
T, AR AR AR BROR 25T £ R 358 P AP EE 5 A 1 A
FREE MBS+ i A R T T IE, F2HF
REEWIT .

1) PhkiE 4 0 B R/ 32 31 b TR A 3 A
JEE MR, 5 0 B T 2 BRI BE RS A, )
BN — R R IEAT IR ) B TAR I E
W RIAT T A+ AT B R G

SEH

PUKE FE 057 S22 EAORN 55 A R X6 b A A AR R 4
BRNEERASCR B . o ARt 5 T AR 4 7 2O 4 T 8K
[N D5 K A TS

3) B RE EEE ALV SRS+ R TR A
AT 2 T AR RS T R 2
5 Coulomb 4 J& 7728 X FA B o0 5008 A A0 Eb 1%
J5 5 AT S b S B 32 30 R T B R/ NRIEEZetE oy
A SSRGS S AT, UE R A B
[ RE gL

(1]

(2]

(3]

[4]

CHOWDHURY S S. A study on lateral earth pressure against strutted retaining wall in cohesionless soil deposit[ J]. International
Journal of Geotechnical Engineering, 2017, 13(2) . 122-138

AHMADABADI M, GHANBARI A. New procedure for active earth pressure calculation in retaining walls with reinforced cohe-
sive-frictional backfill[ J]. Geotextiles & Geomembranes, 2009, 27(6) : 456-463

VAHEDIFARD F, LESHCHINSKY B A, MORTEZAEI K, et al. Active earth pressures for unsaturated retaining structures|[ J .
Journal of Geotechnical & Geoenvironmental Engineering, 2015, 141(11) : 04015048

YOO C, LEE D. Deep excavation-induced ground surface movement characteristic a numerical investigation[ J ]. Computers &
Geotechnics, 2008, 35(2) . 231-252



%5 6 1 AW A5 - b AR MDA b P ) o b B AR Dy ik ik - 1373 -

[5] HSIUNG B C B. A case study on the behaviour of a deep excavation in sand[ J]. Computers & Geotechnics, 2009, 36(4) ; 665-
675

[6] BILGIN O. Numerical studies of anchored sheet pile wall behavior constructed in cut and fill conditions[J]. Computers &
Geotechnics, 2010, 37(3) : 399-407

[7] LI L. Behavior of tire-geogrid-reinforced retaining wall system under dynamic vehicle load[ J]. International Journal of Geome-
chanics, 2020, 20(4) . 04020017

[8] TEzafft, H2, T, %% §aUEM T L TG SE B3R - rp BRI BT TS [T ] 015 ,2018,39 (Sl 1)
311-317
WANG Yimin, YAN Cen, YU Heng, et al. Experimental study on stress characteristics of geogrid reinforced widening embank-
ment soil under static load[ J]. Rock and Soil Mechanics, 2018, 39(suppl 1) : 311-317 (in Chinese)

(9] ERE, fRRA, HUK, 5. shE T+ TAMHnAE G PR EERE T T]. 1 71%,2019,40(11) : 4220-4228
WANG Jiaquan, XU Liangjie, HUANG Shibin, et al. Analysis of bearing capacity of geogrid reinforced abutment retaining wall
under dynamic load[ J]. Rock and Soil Mechanics, 2019, 40(11) ; 4220-4228 (in Chinese)

[ 10] SRBULOV M. Active earth pressure in cohesive soils with an inclined ground surface[ J ]. Canadian Geotechnical Journal, 2010,
37. 171-177

[11] LEE I K, HERRINGTON J R. A theoretical study of the pressure acting on a rigid wall by sloping earth or rock fill[ J ]. Geotech-
nique, 1972, 22(1) . 1-27

[ 12] BATHURST R, ALLEN T, WALTERS D. Reinforcement loads in geosynthetic walls and the case for a new working stress design
method[ J]. Geotextiles and Geomembranes, 2005, 23(4) ; 287-322

[ 13] SILVESTRI V. Active earth pressure in cohesive soils with an inclined ground surface[ J]. Canadian Geotechnical Journal , 2001,
37(1): 171-177

[14] CHENG Y M. Seismic lateral earth pressure coefficients for c-¢ soils by slip line method[ J]. Computers and Geotechnics, 2003,
30(8) : 661-670

[15] LIU F Q, WANG J H, ZHANG L L. Axi-symmetric active earth pressure obtained by the slip line method with a general tangen-
tial stress coefficient[ J ]. Computers and Geotechnics, 2009, 36(1/2) : 352-358

[16] ZEmite, 2547, WAk, S5 sy b P58 S D BUE B M [T ], A0 J2e 5 TR 74, 2020, 39 (M5 F) 1),
3130-3138
LI Lihua, LI Hang, XIAO Henglin, et al. Numerical simulation analysis of compaction stress of reinforced earth retaining wall
[J]. Chinese Journal of Rock Mechanics and Engineering, 2020, 39(suppl 1) : 3130-3138 (in Chinese)

[17) ZEmite, AT, BAERR, S5, IS P55 s B O~ # PRI TS [ 1], 5 1 71°%, 2018, 39(12) : 4360-4368
LI Lihua, SHI Anning, XIAO Henglin, et al. Static load model test and mechanical properties of reinforced earth retaining wall
[J]. Rock and Soil Mechanics, 2018, 39(12) : 4360-4368 (in Chinese)

[18] FUMIO T, SHINYA N, CHINGCHUANG H. et al. Strength anisotropy and shear band direction in plane strain tests of sand[ J].
Soils and Foundations, 1990, 30(1): 35-54

[19] TATSUOKA F, HAIBARA O. Shear resistance between sand and smooth or lubricated surfaces[ J]. Soils and Foundations,
2008, 25(1): 89-98

[20] RUIKEN A. Zum spannungs-dehnungsverhalten des verbundbaustoffs geogitterbewehrter boden[ D ]. Nordrhein-Westfalen ; Rhei-
nisch-Westfilischen Technischen Hochschule Aachen, 2013

[21] JACOBS F, RUIKEN A, ZIEGLER M. Investigation of kinematic behavior and earth pressure development of geogrid reinforced
soil walls[ J]. Transportation Geotechnics, 2016, 8. 57-68

[22] B7KER. %5 I TA)RO f - RE F Ol - R M RE IR ST [ D 1. )M AR B B TR, 2011
GAO Shuiqin. Study on performance of reinforced earth retaining wall on soft soil foundation considering time effect[ D ]. Guang-
zhou; South China University of Technology, 2011 (in Chinese)

[23] BATHURST R J, BENJAMIN D J. Preliminary assessment of sidewall friction on large-scale wall models in the RMC test facility
// The application of polymeric reinforcement in soil retaining structures[ M]. Dordrecht; Springer, 1988

[24] JARRETT P M, MCGOWN A. Reinforced soil wall analysis and behaviour[ M ]. Netherlands; Springer, 1988

[25] JAYASREE P K, RAJAGOPAL K, GNANENDRAN C T. Influence of sidewall friction on the results of small-scale laboratory



- 1374 - fiodb T ok R ¥ ¥ R 540 %

model tests: numerical assessment[ J]. International Journal of Geomechanics, 2012, 12(2): 119-126

[26] tRHPR, 322K, B, 5. F )R VAR 00 i MRS 155 R T 3R [ ], WL K22 2% ML, 2005, 39(1) .
119-122
XU Riging, GONG Ci, WEI Gang, et al. Earth pressure theory of rigid retaining wall considering translational displacement
effect[ J ]. Journal of Zhejiang University Engineering Edition, 2005, 39(1): 119-122 (in Chinese)

[27] Wik, AR AREF R 458 £ 30 15 IR e[ D], ER . PR, 2010
CHEN Lin. Study on calculation method of active earth pressure of retaining wall under different displacement modes[ D].
Chongqing: Chongqing University, 2010 (in Chinese)

(28] yishbk, i, HIBMLR R T3 IR I R0 E L], A 0157, 2009(2) : 553-557
LU Kunlin, YANG Yang. Approximate calculation method of active earth pressure considering displacement effect[ J ]. Rock and
Soil Mechanics, 2009(2) : 553-557 (in Chinese)

Analysis of earth pressure on geogrid reinforced retaining
wall and improvement of its calculation method

LI Lihua, ZHENG Zhigang, YAN Han, HUANG Shaoping, ZHOU Xinlong

(School of Civil Engineering, Architecture and Environment, Hubei University of Technology, Wuhan 430068, China)

Abstract; The distribution law and calculation method of earth pressure have always been a difficult problem in the
research of reinforced retaining wall. In this paper, the magnitude and distribution law of active earth pressure of
reinforced earth retaining wall under different working conditions are explored by using the numerical simulation fi-
nite element method. Combined with the dynamic play of the internal and external friction angles, a calculation
method of earth pressure under non-limit state is proposed, and it is compared with the traditional theoretical formu-
la solutions, finite element numerical solutions and measured results to verify its rationality. The results show that
the numerical value of the earth pressure of the retaining wall is affected by the stiffness and the number of layers of
the geogrid, showing a general trend that the earth pressure gradually decreases with the increasing of number of the
reinforcement layers and the stiffness. The earth pressure of the retaining wall is negatively correlated with the
depth. The earth pressure of the reinforced earth retaining wall varies slightly with the depth under different working
conditions, and the reinforcement effect is mainly reflected in the upper part of the retaining wall. The non-limit
state calculation results obtained by using the improved empirical formula are consistent with the measured results,

which proves that the improved formula is reasonable.

Keywords: earth pressure; numerical simulation; geogrid; reinforced retaining wall ; external friction angle
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