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Failure mechanism of multi-bench retained foundation pit

1,2 : 1,2 1,2 1,2
ZHENG Gang**, NIE Dong-qing *, DIAO Yu*, CHENG Xue-song
(1. Key Laboratory of Coast Civil Structure Safety, of Ministry of Education, Tianjin University, Tianjin 300072, China;
2. School of Civil Engineering, Tianjin University, Tianjin 300072, China)

Abstract: There are three different failure mechanisms of multi-bench retained foundation pit with different widths of the bench, i.e.
overall overturning failure, mutual-effect failure and separate failure. The separate failure mechanism is studied with shear strength
reduction method; and the influences of three main factors, i.e. soil strength; the length of first retaining structure L, and the length of
second retaining structure L, to the critical bench width of separate failure B;, are studied. The results show that the relative stability
of the two level retaining structures of the multi-bench system changes with different soil strength. The parameter “R,,” is introduced
to reflect the influence of the soil strength, which is the ratio of the factor of safeties of the two level retaining structures when they
are separated; B, decreases with the increase of Ry,,. A simplified analysis method is proposed to find B, when R, is small; B will be
constant when Ry, is large enough; B; increases with the increase of L;; while it increases with the increase of L, when Ry, is small, it
decreases with the increase of L, when Ry is large.

Keywords: multi-bench retained foundation pit; failure mechanism; limit analysis; shear strength reduction; stability

1 51 5

BRI T A RE, S N T H as 4 n, 4h ek
TR 2 R R A RN, 3k i mh IR T TR Ak
RGN, BT X T TR R,
TIRNFEG T RIS R e, RS2 R
HBE Chs) I SRRSO IR R RIS iR R
MBS AETARESAI R, SR G TR BR 520

Wk H I 2017-01-12

RARHE T, End s el OB 91 R T SRR
SCEZ LSS, T2 BR DAt
N Py — L6 TR A 2 T R P, R T R AF Y
B, Al AN IS THZER A RN R i B 1
Byt WAk E s

XIS L2 P B R R L S e
S BEJrR, TARNLBE ANG 2. — 2T
FX S HAT TR I R i

FE4 T H . K ARENYIE ST ST H (No. 41630641); [H 5 H AR RF 3 3L 4 5 H (No. 51308389); R i T I J LAtk 5 7 v 5 A BF 77+ %l (No.

14CQNIJC07500).

This work was supported by the Key Project of National Natural Science Foundation of China (41630641), the National Natural Science Foundation of China
(51308389), and the Tianjin Research Program of Application Foundation and Advanced Technology (14CQNJC07500).
FVEE T FBRL, B, 1967 44, 4, 2%, WRAERIN, FEENFK IS R TR MW TE . E-mail: zhenggangl967@163.com



314 eI ¥ 2 2017 4F
ProdgE i ik (MPMD 9T T PRS2 35T K36 56
B BN TR SR, b S 3P M tE 5 a7
Sl T LA A T AR S O R R SR P o BE 41T IR ,£;
VEIFSL T 2 3 LTS Bo HRE Mt . i | I |

b, MRSV R ARG B S S ‘;%m.

G ISR, 185 T 2 AR, 5% 0 o)
PR SR 3 AR, RIS RN T N

82 WL WA By ide, TR i
WHE T 2R TARRLE]L, B0l T 29097 3
PR

FIRHIOE LT 2R 3 MR, B
85 7 MR BCHRAE,  JF BB 17X AN F 0k
IR0 2 Sy BT, R IAR R R BEv 4505
2, AHGE, W T AN BB A58 T iR IE AT AR
FRESE, ok ERR S TR, R 2R
Rl AR SR A (2 A T gadt— 2o

ARSCRAT B2 B FLAC™ @37 1 I
AR (PRSI, SR SR AT v S B
T Z2HEY RS AL . LSRN 25
SCH RIS R 2 S DRI (1T
Rl BT AT L IRBS S AL — e T B N E
JH It SE BB AR AR 10 Y 20 S 477 o 8 s (LY
i3 THEAROE PRV S 1

2 LT WIRE YD

2.1 TENALH

AT GBI KA 5 8 A0 AS 1 Ml e 44
WK 1C M IEhimi o, SR 19 Fim
B, BT E, MFEREHT 2 2, HAbE
R 1R FEYUFIZIRE N 3.9~9.9 m, HEhiscd
AL 60 920 m®, JEHTIRIRLA, LIRS 41 5,
FEGUIFAZ W i A SR A TC R S0 I ) S 4k
FEYTR T T IR 4.2~5.1 m AR H 3,
IRYUAL R AHE 25 & R M 2 g e, 2
G AN 1 s, EYUHZEE, 2%
S — ORI (1) R AT A A A ) A
(B &AM A7 % R 23 mm.
22 HEST

RSN 1 BRI TRESEBIERE -, JF
JE T BB T, FRERH T B 2 900y v AL
AIAELER 3 PR, Wkl 2 phos.
2.3 HERRE

RN} 22 2 S TARNLBI AR A B T e
TRERGRIG Y. R MG IR (LK 3),
IR R LE R SUA =28 T IR = M T AT . PIER

(a) FELUHIM (AL m) (b) WA

1 SPHTREIE 1C HkEST
Fig.1 Foundation pit of Jinzhonghe Street project 1C

Il S-SR 1

(©) KIEABIBR
B2 ZHSEIRER K"

Fig.2 Classification of failure modes of multi-bench

retaining!"!

SCYBE IR EL T ST A U IS, IF AR
PR 2 BEU A BUAR R AL . PRI 1) 1
IR ORFE e, RNBLIESIIN . MG B AT &
B TUIR K58 Lo PRSP E e 8 Z A 1 1A
TERT — D IANEAR T 5 i, A AT
IR . MG2 ARESBA T (LS T LK 4
F 0 AP A 2R LT REA T A B R
DRI MG2 [R5 56 75 P R[] (1 - A A 8
RS R R AL . B S S B R BTN
1A, /N 128 S0 BE . MG2 RIBUA T 52
IR BB R I o P S8 B PR AT AR S 11 S
Forp— BRI, o B BRI
JPR AR . MG3 FEGURIR G T2 S BN 10
BT - AT DL AR T, P B R B A T
H 2 R A A BB ] 5 (9 TR) A COLP
3)o S PMEIFAR DU IS, Yroh ARk



HF) 1

WA G2 RS AT 315

U B o AF 00 B SRR (KR AL, BI85
PG R R AR BT, o — R R R R AT |
KTy R

P Ei—cs T

\| X
\

(a) BT

(b) WA

B3 BASXBIRMG
Fig.3 Overall overturning failure(MG1)

(a) BN

B4 REABIRMG2)
Fig.4 Mutual-effect failure(MG2)

(b) W

- ol T
o 1 .
&-rli s P -
) ¥ U e
a1 g |
. 3
L ol v

(a) IR (b) WA

E5 FEABRMGI)
Fig.5 Separate failure(MG3)

I EIRAR ], SRR 15 ) 2 8 3 Rl
RS A, T IRE o 5 g R IA
BN, IR ISR — s 4 i 4,
M7 & AR A R A 35 — sy, stbr L%
S B ORI 2 B8 SR T DU TAT R — K
PIIRIAR.

24 ZHZPHIREXKX 5

FRAfE_E R R R FEA 0 HT, ASCdE— &
ittt 3 PR e o

(1) $ks

HEAR IR 1) 5 R 22 3P S0k 3 s SR

A PER R AAEBIR, W 2 3, HIL%
D RME 2 LY SRR R A A AR S 0
(TR A LG, IR 60 [M3kb e 4 R AL
—EG BRI AT LU L 22 1S4 RS T
P B 02 A R BRI RGO, R4 3
HARH AL, AR 30 W . SO A By VIR I,
JUJIA g i A AR AR

[ A
—_—
7 AN
BBy
h yd SR 13
RS

B6 ZHIPERAMLE

Fig.6 Multi-bench system and out-of-shape retaining wall

(2) 73K

o3 8 IR 19 XAl B BRI, #5457
P48 R TR R A AT AT DGR, R T RE A B ST T B,
WL 20)F11E 5. HETHEY, WSR2 YL A
AEBEP Y EE B B (KSR N, 2
JEANTRE B R, H AR T
AR IIOCEE, WA 2 24 AR 43 B iR

(3) KX

R CIIIR 52 SN & G S S5 A 8 AE A
IR, AHFHEAIE I, S 2R 1) A7 AT B 2
M SR, W 2(c)MIEl 4. B THEA 2
2 WS A RN TRy 2 N2 ),
A AR AR ELOCER, W) 22 S P iR AR
pSPRISW

UGS 2R 3 FBSRE AT T W
X, ARRA: 3 P IR A A AN 2
CLHEAT ARG R B b 4 7R, PR (e
B B X2 g R et A iR oK, Hoplh
ZAPAERS, BEAE B RN, 2 B IR
B A o B A, Ak, e 2
BRI SN PP e NEIE S (i Re s S LA
WSR2 A AR A K I 5 B A

ARSCE X B B RGN, AR f A
IR A AR Sy SR 1) B LR R 344 U AR I 9
W PE By » B ORIEIIR AR 2y 23 25 sCRR 11 B AH
PR oy B R S5 BE By 4 o

3 ARZED B T

AT BRZEE PRI 7 Prose A4, RHA
TS IR, JEHTTE 200 m, SRS R



316 b +

b 2017 4F

PEHR 100 m BEAT AL, BERLEAC A 150 m, 1+ 40
me FEFUFHZRE R 10m, F—. ZZOLTHZER
FE Hiv Hy3308 5 me PIERSCH QR R TR 1
m IR ESERSCY . W RS AR
A Ly A Ly, PSR SCAP RIS N Bo B R A4 23
JHLE 7(b)o FERERL IR AT AN 8 1) 3 ST AR K [
fit%, BRI R AR

100 50
. B )
° B BRI =8
- = | L =1 900 ke /e
1 < ~ N BYIBIEG =100 C,
Pl PRI E =3 GPa
SRS TR LY = 0.495-
- . Q,/ MR RHK, = 0.64
« AR Ci S2 AHEKRRREC, = 184352
1000 mm i 8
FPERE E =30 GPa
sty =0.2

(a) MR LA RSF RS (A

(b) M 53
B7 HRESEE

Fig.7 Finite difference model

B AR FHAHEKR A FIEE L, 230k
NS TSI it S 8. RN A&, W
K 7(a)o HARAHEKIRRE C W R ELRPER . 11k
KT R FH B IR~ 18

A7 PR 22 43 B e b e 83 SR FH 286 SR AR A D). T
(liner) HEfil, JLHAPERIR E =30 GPa, ALy =
0.2, FLAC™ v, fi4e ) 8 0 5 ) LAl 37 b5 5
PRI IR B A ™ o A Y B T A 0 o
0.7 5 ARGRE, FUIE NI K, KT
K3 (D Blggse,

K+iG
KnKSIOmax{( 3 j} (D

AZ iy
A KBEEBEGR; G ATV Azl
LA A & BT ARV R E T 1n) LR N RS
PP R R 2y D THZRE, THE5E R
R FIHUBY 9 ST kiR AT 2 4 R BOVH SR Bh AR
5047 o FUBTSR TRk &) 2 N ] T4
BRI SR E MR 2,

4 I 98 FE R R A %

CREAT et PR B 8 T 2 sy b L
T ZHOREVEIRIEM, AR B AR R 2R

S, ASCRER TR LATSEURE AN, B
TSR AT T ST o

T RS AR 5 X 2 B SCP A B 5
Wi, VA RE T 2R ANHE K o BERIR AR AL 1R 5y
AL, & 8(a) WA A LT ZHA AT T ASA] LAAeoi
FERTIREARMBAN Y 2 /S B 1K
Fo WEFFRTLEH, 72 LTS EARR S 0L T,
T LARBRBEARR, By B,y MELEAHER, ¥
WY T AR S HO 22 RSP AR AT Y
Mo (HUIP 8(b)Fras, [RIREREANA] K L A 2 4L
UL B 8(b)H By M B, MIEEIY 5 J2H T
P 8(b) AN - (i B B L SR R 1), T 8(a)
AN L R BE A L SR AR, D] AR R PR £
XHE AW 2 S AR G A 2 . 4]
Ut IR T L AR LA I 2 Hok
% L& AR R o

351
gm-o0 —o— C =10z
2 —o— C,=18+35z
30 / ! e Csis
o , u
0 1
< 25 F of '
E=S o o By
W& o : /o/
& 20 F By /:@“?’_
B O™ 1
1 1 —A A
15 F 1 I/A
o ' '
0 /A:/A:\ 1
LoF Les]”™ b

0 10 20 30 40 50 60 70
PRSP RIS B/ m
() T ARSREEA L]
45  —A—C,=18+352

—o— (. =27+525. jm—o
40 e (=36 47,7 :/B

o etk

g 35 b
%3 30 | o/dfoo—o
NG Bwﬁ . o '
& 25 | \g” / !
® 0 Py VN
20 F oo q
15} A -
AN
1o T : . : :
0 10 20 30 40 50

WL A EI RS B/ m
(b) T AARSEJEE Bk LL )

B8 Li=15m. L,=15m. H/H,=5/5 25§
ZEFHE BRFE
Fig.8 Relationships between B and foS of muli-bench
retained foundation pit when L,=15 m, L,=15 m, H,/H,=5/5

PRSP AR R RS T BRI R I, 25—y
S S MRGE P LA G ARG, S
PR B IR 5K o — A IR
LR 450 & AMRGENE 2R E0E X



HH

A WISE: Y RS BIAEEST 317

M2 A RAL, B AR S T AR e e
R AT LLR B S AR PR R E -

T8 R L 0L, S A L
A (20 (L —Hy ) H=(L—Ho)/Hy=2), BT 55 2,
SC SR AL TR 2, T A R B YR FE AR
RIS, PIZ S A5 R & IR 22 4 R AR
R B ERIIAT eA R I K T4
— RS

B 8@) T WL, A i B Bl YR B AR A )N
B il B oy (EEROR, J2PRR 4 A4 Rl R P A
BRI PR RS 4 RO 22 4 R BB, R
FEE 3 9k v B3N P 4 S A 1R A T B 2 T [T TR
B ST BARR T A R I 5 B RN A e R AR
B AR, i 9@)ias. 4 LA EERE VR LY
IEAR KIS 58 g ke e RECE &, ik
AT R PEPTIRIN 5 — = P i, R, M
TS RERRE, MR B R TR — SRR
158 B RIIA 3 73 85, ] 9(b) .

() Reos AR/INIF BB A 2 4]

(6) Ry IR I I3 2 255 5
B9 R AFIEOLT I BRI E O

Fig.9 Separate failure mechanism when different
values of Ry,

AR XBINTE OL 5 73 B RIS, 2 T Afoi
FEBHR FER AR, PR S & F IO 22 4 2R L
B, EAT SR BES TR T N RIS PR 2 S () PR
BOK, nl eI AR, WA 10(a). K,
Sin Sy B PGS RTINS 55— S B
DR — 2 S E S MRIR I 56 B . BARAE SR — 2
LY D A E S BI V)R, A AR
B N 1R 22 S 24 RS S5 380 TP T i e 4
R, By MK b Rom B YR 5 3 0 == AR
KIS 3 A AR e e A RBCE &, RIAT I
LA RS AR, AN S AR SRR T A O

IEEF By JLF4 0, LK 10(b)o

S. S
2 | 1

() Reos AR/INIVF B B AR 42 2 1]

(6) Reos IR BI I A 2 MR AR)
B 10 Re, AFIEOLT BB B

Fig.10 Overall overturning failure mechanism
when different values of Rj,

IR, AR SR FE R AR AR
EZ/SER TN SN A NSRS A (N S E |
FRAREME RN AT P I AFE M2 4
B I — S A R AT 22 2 R S AR E Ve %
4R BUBNR— A AR B ART 22 4 R AU LUAE,
VER W LARSREE R 0 AT 28, BRI “Mar e s
RHLL R

fos"P

Rfas = foslower

e fos"™ AR E ML REUR = — A Sk

(RBIT 24 B fos'™ ok M de 4 REUB AR —

LS G AL 2 A R WOE XTI, Rey =

1, AHPR G SCA ] #8908 KM R AR 53 B REAR IS, mf

RER A S — B SCAP IBIA AT e A AR 56 — RS Y

IR Rppe=1 NPT SCAP RN IR . Sl 741>

M, ARSI AR UE S — A MO 24 R
BAR T 28 LA AT 2 A R AL

B EIR AT Al %, AR R T 2 RS A
BEECIR SO = R0 PR S & B IR AIAT 224 58
(R, DRI R AT 224 REL L Ry, 150 1
RSRS8O AR A K
SR EVE R BE (R AR A U v] LA B[R] — LT S 8 &
NAIE) Riogo [FII S 25 T 3 HT e — AP Sk K
JE Ly PSR —RSCAP GG E Ly (5Em, T
TAHFIN Rips 251 Liv Ly ARG 2 2052 35
B, FATHESHULE 1.

BT, A SCER T R HE 73 B AR 15 5%

2)




318 b +

b 2017 4F

IR BB 1 i 5 7 PR 58 PEE PRI L o
R1 HESHRETER

Table 1 Range of parameter values
B S Ren el

AT 224 BB Rios 1.0~3.0
H WA EEKE L/ m 10, 15, 20
R EEKE Ly / m 10, 15, 20. 25

5 o RS I F 08 EE S M 23 A

5.1 MSIRZERE R, KT

Bl 11 A U S EA BT (Li=15 m. L,=20
m) B, B2 REE Ry, MRS SL. A
B R al AE L, B, BEAT Ry MO0 2 SURIRD,
Bl J5 J ME G TR, IR — AN E(E.

70 .. s
ot o B i B KT B
=60 7T ' !
) | I |
Sl \! Lo
= ol ! !
BX 40 ”\3\] I |
£ %0t . ! !
= SOg | |
sz 20 F Bpn i i
E@ D S
& 10 Ry,
\'
0 n 1 1 L i
1.0 1.5 2.0 2.5 3.0
T4 AR,

B 11 L=15m. L,=20 m i B sa’5 Re K FR
Fig.11 Relationship between B, and R, when L;=15 m
and L,=20 m

A S B 3 — S A BT 2 A RAUIR
T RN A R R kAR B R
FERE — S R AEBUEBIR, 2 Res RN (4
1.0~1.2) WP Y AT 22 4 R BRI, 43 3k
TR IS P RS 4 53 ) i A AU AR IR TRTASAH DI
KA 9(a). B IEE| B, , HTBEIRTHFF RS HUSALLE]
10(a), AHIRTH 32 BEAE SR — S I 2 B X RS 4
Y HESIX BT, 1T P S A AR T 2 — 2
YRR ) 2 RS S A R R T,
WE I 11 2 S 4 2 A RS S50 R A R i e 4
REHSE, R AT AR A B A, Bl
H BRI, 2 YA B e 2 U A
5B, AR REEBIR, IX— B B, I BE
BB,

RN, B 10@)+ B B4 K TP
ST AR DR IS (R RBEUR 111558 55 2 R, RIS P93 2 47 )
LR N i U VA7 N1 U (X 27N 5
TR AR AR, 1K — LG m] LIAR 4 AR R 20 A7

BRI R R, LR LY 6.

4 Rpps KTH—MBRA I, 55—
R 158 S R EME TS A . B,
LA T2 — R B S IR W . 2 )5
By, o NFFBEA Rpos MBS AN N, 1IN 1R 3 25 2R
PRl 5 58 B m] LARR A T BRL23 2 AU I 7 9
B% 7o Wik 3 F B 29 UG S 581 Ry
ERTRARR A L BRAIST 224 R R 7, 3X— B
ALV “IKTB7,

BERF B 5P B ARl B, MR RS
PIBAT 2 A REOHZE RN, AR AEW] R 1 ORI s
We BIEF| B, N, Horp— S0 R AU A

i LR, B,y 5 Rps MR FR M AT LURESY
13 B (W 1D, 55— BUZ B, MBEREE, JuH
290 Rips B 1.0~1.2 Z RIS PSP AN 224 3R
B BRARN, TE 303 BRI 1 2 S 93 3l e A fbi
B BTBORIIEBL PIGCCY AT 4 R EUH
FERR, BEIN 73 B BB AN P2 PR 4 4 M
M2 G — RS R AR . 3 =B B, A
PRI AT BL, XN PRSP (AT 224 R 80
PRAROK, P A PR B A ZER TRE 2 R
AR — G 1 - B B B R T 5 P R K A2
B9 UBIA
52 LW

MY ERKE Ly %o 5 U R I S v
JERISEmIanE 12 Pros. ASCNTE S — 933 )
B e 22 BB T 5 S s, R Ly
TCARUEIR — 5, VHEET 3 i Ly (I . X
Ly B350, SEBr ERIASE 224 2R BRI — 28
SER A LR 5 o

80 ¢
£
=~ 70t
S 60 | " —0— R, =1
2 o ™
2 os0 e —b—R, =13
£ 0 —o— R, =15
=t i _,./'o _
& o —v—R, =17
e 30 | o/...--" /-e fos
® 20 | a
oo}
0 n n L L L L 1 1
0 12 14 16 18 20 22 24

PR L /m

B 12 L=20m i Bt L KIXER

Fig.12 Relationships between B and L; when L,=20 m

TE Rios AHIRN GO T B, o KA Ly (35T LA,
LM, UM G S AT A O R E %
PRPUARMEH, S G ER LTI 98
KA, LUK, JEARsh DX BEOA I 98 BB,



BT 1 AR Y AR 319
Y B BEIERK o TR, 5 S SRR R SRR,

K13 20 L = 20 m BEARFEM LB N B, 5
Rpos KFo BIR, Ly MHEINAESRT T R 2 ORI
FRESEREIN, H e B Ly ARG IO I e L, 840
FEAFIR A A I 55— R S Wl D i L
5 RSP RIS A B AU NG I A e DR UE
AN — G S R 5

60 r
E a
\1:’5 s0 |
;’; —0— L =15m
=40 |
g{i \, —0— L,=10m
0 A%y
Iny O, upper
20 O R
3 N D\D——qj fos
o ~0.
= 10 ~0mg—o— Lo
R ] ]
0 L P | L '
1.0 1.5 2.0 2.5 3.0

M FHLR,,
B 13 L=20 m BMARF L B an’5 Ry XRHIEM

Fig.13 Influence of L, on relationships between B; and Ry,
when L,=20 m

53 L, m

BRI EKE Ly 0] B,y BN 14
Jlizse T Li=10m 1O, 2 Res< 1.5 I, B,
B Lo SIS0 4 Res >1.5 I, B, b
Ly TSN gk o

70 p—e—R, =11
g —o—R. =
E oo Ll——R.=13
4 —A—R, =15 .
[3e] —— —
50 [—v—R, =17 -
2 40 s
BS / o
& 30 | . o
Iny o——-—of’ A
= 20 e_f_a—a—f-ﬂ'
K V——
w10 F
® , , _ ,

5 10 15 20 25 30

S E K L,/ m

B 14 Li=10 m i B a5 L, IRFR
Fig.14 Relationships bewteen B, and L, with L,=10 m

2 Rpos BN, PGS AT 22 A R %
U, KA BRI, i T RS i R R
A 2 S A W PR B 0 A PR RS TR S A T
TEPLER, Ly HEINAEAT S P LB A I vE L
& DT Ly WIS EB,, o Mo 2 R BOKI
B, o, BTG Ly (KI5 DT /N S5 A B 24T 5.2 v R
B Ly PR3 I 358 0 1) S AL T Ry BRI
PSP ROE M LA R RO, 7 BRI A
B RS R AU, DRSS RS R [ R
BRSSP B 2 S RN X5

AR T TR AN . e 15 s, R BEAT Ly
(KIHEIRIT  o

SEBR L X T Ly RS Ry 05 KT DL
(B VL Rpos> R NG LD s B — GRS R B 0]
S S IORGE M LT B R, R T
SCYORS PRI RCR . B BN 29052
Preed FHUR R T2 MBI (B B 1)
EZ S TN

L e~ A = \ N |
S © o o o o <o

S BRI S R IEB,, , / m

(=1

10121416 1820222426 283032
WL GRS RYER,,

B 15 Li=10 m BARF L, % B 5385 Ry, RAKIEM
Fig.15 Influence of L, on the relationships of B between
R;,swhen L;=10 m

6 LT EIRVER AR

TS U, 2 Ry AR/ 2 ZECAP EAR
B AT DU 73 A AR R 3 2 2o ARSCHLE ] 10(a)
RN T G O, AL T 3 TR BR A4 b PRV
(2 LR e T e 4 R B AL EE, R L
BRI 12 T2 b TR AR 1) g 4 A 114
LEFRVERRZOE T E S Es s, 2%
FAETHEI AR, BOE I Sk AL AR
AP, BTG ik PR v AH I .
faj AL R AZ SR AR FE TRV T TR CREEIARTHDD 23 €]
16 JJi7Re 16 Rpy BTG T B<B,, , b, BEIAHE
AN HARI, THERINTIT E Xio X Xop A, M
HTA] T Xion Xop LA PT HHER S FIR15 2. BT T
PP EESE S 2 0, UL FEE ] T vy A P i 5 0
JETR)WTIHTAT o BEAAR U A A ) A ) A Dok
J R 1) L 2R 2R ) Al AR R e R AR AL
W, + Wy, + Wy >U,, +U,, +U, (3
X
Wa=GVa s Wy, =GV, s Wy =Gy (4)

U]a = I/laJ.X Cu—(Z)dS
la m
¢, (2)
LQP::KmJ&p—iz—ds (5)
A R
3 3J.X3 m




320 b +

Re Wige W 53 B RIBIE Xion Xo, L300 LA
s W T X i L A A
Gian Gopn G343 BIATEIWTIH Xion Xop X5 BFEIL
WS vy Vo VUl IaITH Xias Xope X3
R A R R, 34 T R T R A R S )
Kt Uies Usps Us 73 AN TEITIHD Xion Xops X5 12
T L ARRER i AR R ARG Cuz) b
WARHEKIREE, BB 2 MREG m RPN

" C (Z) C (Z) C (Z) =)
A [ s [ s R s gl

m M s m

NSREESTIRG I Cu2) W54 X, 5 Xo, BRI —2 M
LBy, BGPTSR Xy Xoon X5
SR TUBT R s Vies Vaps V3 2000 A TART T X0
Xop~ X b AAHE K R BT T 0 T8RS, T DU 40 3k 82 A
K H .

PR (3D mREAFE B W24 R2E G
FESIRZEED m, Mm < fos ™ I, BRI
PR, m B A R EG S m > fos' ™,
BI85, LA RECN fos™™ s 24 m = fos' ™™
i, USRI BEIA B, s KRB m (fos™ ).

A BRI ISR, Ry BN B, 28 KT 0T
TR IS 35— S Bl B A TR 35 — S b A= By
IR BEREZ A, ST X Xoo KEAE, HA X,
TR RN R UBIORTE X I REREAERCA K
THE Xipn Xoo LIIREEAERCZ AL,

B 16 Ry, BN BRI TR

Fig.16 Simplified analysis model when Ry, is small

KL ) THEAR B2 B ORI ST
BTSSR e 17 Fros. RS
1B B oo SEUE TS5 BAR U, IR A5
e G (HE, KT Ly=25 m (1O,
AL EVER BN B, RN THE TSR, 78
X2 IR S DR BH T 58 S A IR eGSR P
KT — RS AT, BRI A AR —2)
A SRR A, e MR B2, S
TEFEGUINE LG 5 — S (1) = B RBCA T B 58 PRI A
NI, W 18 s o

b 2017 4F

80

g 70 /

£ 60 | retrlien

X

50 | . //

2| = e

£ Y SRR %

a5 30 F —=— R, =11, SEYTR

= 2 --o-- R, =12, fiifLSEik
10 b —e— R, =12, WY

8 10 12 14 16 18 20 22 24 26
BRI ERIE L,/ m

B 17 SERBTRAREIEB N B st (L,=15 m)
Fig.17 B obtained from shear strength reduction and
simplified analysis method (L,=15 m)

B 18 PR P SRR REBRR BN R =
Fig.18 Shear strain rates with large difference of elevation
of bottoms of two retaining structures

M Rpps > 1.2 JETENEATREH, b 7EHE A
A B IR Z A A ORI AR, OGRS UBA
()3 B 23 PR S S K 2 TRl LA g, G
19 .

B 19 R;,=1.3,L,=20 m, L,=15 m, B=30 m RH{IBIRN AR =&
Fig.19 Nephogram of Shear strain rates when R;,~1.3,
L=20 m, L,=15 m, B=30 m

Bl 20 A EETH A BN 2 Qo g 2 R
GRS B 2 A REO T . 2 B> S mi,
] P S04 B 1K) 22 4 A BUE VS A R o
s M B<5mhif, FHEVEL R B Hm. %
J5 PR S B g S i AR T (LK 2D &
ELSTRE Y o & Ak Y AT a < e (LY e N O]
i LB 22 0 X X)) BARARFFASEbrR, XK
BHER T O ) BRI ) B2 56 4 F B — R Sdm e (O
B 22 1 Xoon Xop) o IETE G VLA RN ET 20 Frs.

WG LRI, ST R BN (< 1.2) B,
A TSV BE R AT G e Br it JF HLRIAE 712
(R AT DLBE— 2380, 2SS ITE Rey R
NIRRT IR RS 2 B b A g R 7y 25 X



B WA G2 RS AT 321

2.0
1.8 yﬂ—ﬁ—ﬂ—i
S 16
S 16|
2
i .\ —o— TR
—a— LS
—A— B EM RS
.
0 10 20 30 40 50 60 70

PRSI ER 2 B/ m

B 20 Ry=11. Li=15m. L,=15 m R REHTHAEL
HiEBIMZERET
Fig.20 Comparison of factors of safety obtained by shear
strength reduction and simplified analysis method
when R;,=1.1,L;=15m, L,=15m

B 21 BIR/PMREIBIN R Z E

Fig.21 Shear strain rates when B is small

S
N
N
N
N
X X
N\
N
N
N
N
N

B 22 BIR/MES TR TR
Fig.22 Simplified analysis model when B is small

PR, TIAFAE RTINS i A T DGE
T Rps BUNNE DL, AH T T5E 05 TR 2R
BRI 2 4 RETE AR R AT, Tk
SRR AT e ST E.

BV AP ], al s fsoe i g s 3 i)
TR LTHERSE, R B S (A E P 57 ik
SREGY LY 2 BN 2 A R H, BRI Ry
2 Rioe HZIL 1IN, WY ORI ASCEE IR i AL 2
BILEZ/ STk E TS/

7 4w

(1) AR R 2 G BB (1 5w LE
BN AIELT WAL ZEFRIH Ry R

et AN 27/ S & Al SR N VR i1 i cp il
SEAEA AL AN N e 2 Rps IR/NI 22 5C
PR AT AR X, Y Ry KTH—
BN IR B PR 2 B BRI A 96 B o T B 40 B U
I 5 505 B 5 T PR 2 S 5 4 h RS e 1 4 R U
([ A 1 VAR 127 NI VA T 5 2 L DI 0

(2) 4B AR I 758 BERE AR 55— G S 2
B (BB T 24 RBUBARI — L 450D KFE )
0 T U ABh R 1 1

(3) H et (B E 24 REIR =
) — S a5 ) K BER 73 2 AR I 5L 5 FE IR 52
W AT LA A R4 o 2T 2 A REL LN,
3 15 A I 5 o 82 Wit b vy 22 4 SR A LE IR 3
MG, a7 224 /AL AR I, 238 i n
I 5 58 R B A AT 22 4 R AL (R G I 8/

(4) M7 224 RAL RN (49 1.0~1.2) |,
3 B AU I 58 RN 220 S A 1k 22 4 R 0]
DLR AR SCHE ) AL SRR T o vk I o] 2 e
BWSC ML e 15, DRI R B
LRI R ENE LR

2 % 3 MR

(1] KBI0, 55—k, &AW, 55, RMBUETTZ ey g

5 TREN SN A%, 2014, 353 2): 290—
298.
ZHENG Gang, GUO Yi-bin, NIE Dong-qing, et al.
Theory of multi-bench retaining for large area foundation
pit and its engineering application[J]. Rock and Seil
Mechanics, 2014, 35(Supp.2): 290 —298.

2] (EHEA, FF6, HEF, & e hh RmEIED

TRERIESC S THORD]. Wi THAR, 2013, 42(1): 35
—39.
REN Wang-dong, LI Chun-guang, TIAN Jian-ping, et al.
Rapid construction method of large area deep foundation
excavation in soft soil[J]. Construction Technology,
2013, 42(1): 35—309.

B] FHP, FIR. SHEBERIE S R RAE LI
CRO SR ST TRE P I etk B SE R[], RS,
2012, 42(5): 172—176.

WENG Qi-ping, WANG Wei-dong. Design and

construction of multi-level supporting system for deep

foundation pits excavation of Shanghai Honggiao



322 Fer +

4 2017 4F

[4]

(3]

[7]

(8]

integrated transport hub[J]. Building Structure, 2012,
42(5): 172—176.

SRAEW, YO/hve, FEA, & ORI TR L
ANE L TR EAR TR, 2009, 42(1): 60—
65.

ZHANG Zai-ming, SHEN Xiao-ke, ZHOU Hong-lei, et al.
Geotechnical aspects of the National Centre for the
Performing Arts[J]. China Civil Engineering Journal,
2009, 42(1): 60—65.

AW, FETRL, AR TSR RS S RENE S
LB ) HT (3] RHERS2 5744, 2013, 46(4): 304 —
314.

ZHENG Gang, CHENG Xue-song, DIAO Yu. Analysis of
the stability and collapse mechanism of non-prop and
multi-stage retaining structure[J]. Journal of Tianjin
University(Science and Technology), 2013, 46(4): 304
—314.

FERR, TRIFS, 5KRW, A5, ARG O oA
KBFE S HOI ). AL TR

T 2): 919—922.

L4, 2013, 35(H4

REN Wang-dong, ZHANG Tong-xing, ZHANG Da-ming,
et al. Parametric analysis of failure modes and stability of
multi-level retaining structure in deep excavations[J].
Chinese Journal of Geotechnical Engineering, 2013,
35(Supp.2): 919—922.

W, AT, RS, 55, BRGNS IR
WEIU. A TR, 5T

ZHENG Gang, NIE Dong-qing, CHENG Xue-song, et al.
Experimental study of the multi-bench retained
foundation pit[J]. Chinese Journal of Geotechnical
Engineering, in press.

Itasca Consulting Group, Inc.. FLAC fast Lagrangian

analysis of continua(version 5.0)//User’s manual[M].

Minneapolis, MN, Itasca Consulting Group, Inc., 2009.

[10]

(11]

[12]

[13]

[14]

AR, BN, IR, AF. AT BRIC B ik sk
HYRE e R, &L TR, 2002, 24(3): 343
—346.

ZHAO Shang-yi, ZHENG Ying-ren, SHI Wei-min, et al.
Analysis on safety factor of slope by strength reduction
FEM[J]. Chinese Journal of Geotechnical Engineering,
2002, 24(3): 343 —346.

PORRS, M, R, SR TR O R Ak
Grht B AR E I 5 2 A (7] B R AR, 2011,
33(7): 1097—1103.

HUANG Mao-song, DU Zuo-long, SONG Chun-xia,
Effects of inserted depth of wall penetration on basal
stability of foundation pits in clay[J]. Chinese Journal of
Geotechnical Engineering, 2011, 33(7): 1097—1103.
PR, BRI, Rz, S5 SR A SR
HGURGEME R R HTI]. AL TR, 2015,
37(5): 769—1775.

LI Zhong-chao, CHEN Ren-peng, CHEN Yun-min, et al.
Factor of safety of a braced deep excavation in soft clay[J]
Chinese Journal of Geotechnical Engineering, 2015,
37(5): 769—1775.

VTR, BRoh, T, 5. SRS DN R e 1
W] %1 TFE243R, 2014, 36(12): 2306—2314.

SUN Shu-wei, CHEN Chong, DING Hui, et al. Stability
analysis of earth slopes reinforced with micropiles[J].
Chinese Journal of Geotechnical Engineering, 2014,
36(12): 2306—2314.

CHEN W F. Limit analysis and soil plasticity[M]. York:
Elsevier Scientific Publishing Co., 1975.

WRALIE. e el R R R AT L R IR D).
+ TR, 2002, 24(1): 1—11.

CHEN Zu-yu. Limit analysis for the classic problems of
soil mechanics[J]. Chinese Journal of Geotechnical

Engineering, 2002, 24(1): 1—11.



