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Experimental study on mechanism of progressive collapse along length of
excavation retained by cantilever contiguous piles
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Abstract: Progressive collapse of deep excavations along the longitudinal direction induced by partial failure may extend to
tens of meters or even more than one hundred meters. However, the researches on the initiation and termination mechanism of
progressive collapse are limited. The model tests on partial collapse caused by the breakage of some retaining piles are designed.
The changing rules of earth pressures and internal forces of adjacent piles are analyzed. Furthermore, the model tests on
progressive collapse induced by partial collapse are conducted. The test results show that the partial collapse can cause sudden
increase of earth pressures and structural internal forces of adjacent piles. Afterwards, the soil outside the excavation flows into
the excavation, which is an unloading effect for the adjacent piles. However, the unloading effect lags behind the loading effect.
If the load transfer coefficient of partial collapse is larger than the safety factor of bearing capacity of the adjacent piles, the
progressive collapse will occur. During the process of progressive collapse, when the soil arching effect is mitigated by the
unloading effect and cannot cause further breakage of the retaining structures, the progressive collapse ceases naturally. Within
a certain extent, the larger the partial collapse is, the larger the load transfer coefficient and the influenced area are. Additionally,
when the lateral stiffness of piles is low, the load transfer coefficient will be small, but the influenced area will be large.
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Table 1 Parameters of sand used in model tests
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Fig. 3 Device and working mechanism of breakable pile

B, B

PP
G AR

YRFF L4l

M10JB i
#, EET
iy

EEFR R XEN
B 4 FREBIIHEEERTIERIE

Fig. 4 Device and working mechanism of progressive collapse
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Fig. 5 Arrangement of retaining piles and monitoring piles for test
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(3) AP BEE BN 45 22 4k
JUMZALR, EFX RS 40 em AE HZEE

K LR IR A SE R #2709 3.32 kPa, XA
Frik LR R K=0.52, S54K1H Ki=1-sinp=0.45
BONTRE 25 e AR IERE BRI 5 7R 2.12
kPa, Xf M F 2+ kT RE K=033, 54 KH
K=tan’(45° —¢/2)=0.29 B NHEE .
3.2 IFHREEEMEIR RESS IR

(1) L1 Lo 1, JHZEIESE 60 cm, £
PETARLAS S50 B B HAERSE Jm s 4R 2 PR R AR 3
Yo oz B ACBER TN RASBERON S, HE AR
JRI SRR AL T SR R ST BT S — MR E I 3
10 (a) Fron. JREE SR GTAMNE S — MRZ
30 cm FIERRE X . MR TG I A Fe S R 9IUE, 72

FGHIE 7 ) BN 43.5 em, FEREGT P A HIAT B
] B KSh 45.5 cm, RIEASS 8 SHEA B Ab. BTk
BGSRIRNE, JR IR 5| R AH AR 5 B A A AT AL A
7S BEASAH A0 52 B AR

(2) THL2: T2, JFZRIEE 60 cm AR
L A MRIEHEBRE YT . BT R BIR VG RGO,
YRR RGNS X 36 FE A T 135K,
WK 10 (b) Fizs.

(3) LT 3: L3, HIZREZE 75 cm, 5
A PAR IS AR UK LA 15 em Kb [RI 4T T A
J& TARTE JR IR 5E A TE B B Y B 3 o ]
10 () Fimme BT EEYUHZIREROR, EYUAMAEE
XK 37 cm, HFEREEEEEH KT LM 1,

g b Tl e T e e

4
(c) I3

[ 10 BIRTTREH MBI E LI R IR

Fig. 10 Steady state after collapse
(4) THL4: THLAH, FHEFIRE 60 em JF1H
A 4 MUREBR TN, ARSI 11 (a) ~
(h) Frox. HERI, 76 4 RRSES W, ML
1 M5 SEIA MR 2 ribr,  4RIMARIT S 2, 3, 4 HRAE
FRAEHTT S (BI85, 5 ST HERIBER & k. ] W,
JRIFB SCAPRE R RBR 5 BT AR S A 4k 3% S A
W, JF BAEESINE R — e 5 B R & k. BT
It 8 RMEBIES, BORTEEECR, FEHTAMIERIE X ECR,
Wk 10 (D iR,

(d) L4

4 B EESmaEREIEs
4.1 TR 1 faEfRiE s

(D RSB

WK 12 B i T 1 2550 R IR 5, BRI PE HRAE
W A1 HT BT i AR AR A IS AT S 40 em ERAB K
P R KA EBE R (R AR i 2R, BEARRR R
HEGRARBEIR I 2 050 ATLLR IR, 76" a



9

LR, 5 BB HE S ST K BT FESERA MR B 7T 1645

53T R AR — e Y N (29 9 iREAED mbk s Lk
TR, —E N EEEREE, AR, Bk
SR B, IR, 15 SR R I

AN .

() 4 RRBMESTHTRL 1.20 5 (h) EZEHLIE
B 11 TR 4 o 4 IRFEKRE 5| R IEEIHIHTIE
Fig. 11 Collapse process of test No. 4 after failure of 4 piles

220 LEALAEE —B - -t
FHERAR P A

ol 4
o »® ©
T T T

At At N T AT TN
~~~~~~~~~~

=
N
T T

ERSRN L EAEAES
N

1.0 f=2 A s Tt L Pt
0.8 T RN L E SRS TR
-1 0 1 2 3 4 5 6 7 8 9
i 1B /s

B 12 T 1| FHETUAT 40 cm &7k E ST hek
Fig. 12 Curves of horizontal earth pressure at 40 cm deep versus
time in test No. 1
B 12 o AR AR A b e i3 B, i
RSB 1R FHL IR AT B REL R A 1) Py A 2 g B

G, TR BN, MR R R R X I KT
AT R LT A o Rl 2 A% 2 4TI AR O At |

B 12w, fEHTE 3~8 S LR 7 Rikis
I GBI A W RIS, Lg% i
JER F BN 1, 2 SHEEEIRET, AT Ak R
B AR HRRAATY, WA HAER AT L,
R I B P A T T A (AR T, T BRI R 40 em bt
PR AR, WS RPTN MR ST TR
JIRE T AHBE 5 BEE R SRR X 3 AR A7 A% 1 2k
—INR, LSRR, YR 40 em AR FKSF LR
J1AR RPN K

TEE 12 HRmT LS RIVE AR 3 5 A0 4 5 kP
SRR ISR 1 RIEE 2 MRAED R e BTt
FEA A LR B (0N B ol e 5 1 R K 40 AT
R, L7 B SR B FR I 106 3 2 35 J b
- R R A e A R R 11 AT SR ),
B 25 T AN E R %1 . SR EIR, BEE AR AR
B, WmEXEGLNEHE PR E.

B R AT R L, 7R TR S S A b R i
P AR SRAE_EAEEE AT . BT IR . (E R 3
a2 87N = TR ) i B N A R E RN
H P AL K g, RS OK TR B AR AR R R A
(5 F7; Bl RO S A P A, B VU S
AT AR RGBSR RN G L REE, %
AERER B E S, EAERHIZE, Bk
AT AR AR T H RO R A 4 F H A,
FEXT SRR, A K i R D A A S

HE 10 (a) #I%1, fEEIRAHE, i)
AL E AR R (3 SHEE 8 SHE) JEAEHEN
A, HPEE 3 S E LR EEL 30 cm, JEHL
R 40 om AR [ B 3SR KR FEAR, H 2 AL
K R A K T 1.86 1%, L] LS EB AR 5
G0\ 2 5 IV | S T

(2) SCHHEN 1B

WP 13 BT NSRS SRIR i » 35 W WA A B £
KO FIEKATHBE [ (Lt 28 BT I, 758
HOREIRJE A3 R SRR IR e v B A (24 9 R A
A B 25 Bk (R BRI K, 7E 0.2 s P BV ATk B 5 KA
RBERNAES, 3, 4 5HE, BPARIEEE 1, 2 ARAENES
TS N TR 1 s FFGRPSE N, 25 XIF
REEE T, BEZE 5s 5L TP AERL.

3, 4 SR R A B B KBS 2 I DAL R BE
{82 T AR RN 0 AR KRS8, EENRN
. 6 SHFAE S SR B R K E AR 7 — B
], ZJEWSH FMHFizdifae, EEzsig/h. m 8
5 A B B 378 Kb PR AR A Ik B B KB 2 5 8 LT R ER AR



1646 H O+ T OB % M

2016 4F

S, RFDUH EEON. HE A L A T
Bl 5 SO MR X T A & (B 8 BREGLED.

=
n
1

_RWESE % - %
— LS — 16

?E L 03
g 13 ‘\\ THERIBEIRAR  sp R
ol / B UREE
12 Sm——
4 —
% 1.1
- SO | .
® 1.0 /
&

09

|
—
(=}
[
N
w

13 T | BEEIRER T RABER ST (L iz
Fig. 13 Curves of moments of intact piles versus time in test No. 1

(3) fi# (BHE) fLiE R

AN TE 14 D9 T8 1 FEPIARBEDIR G B0 T <RI & HE
TR RE, T OCLN 2 AT 3 W e A i R
HFEFEbR S T B E st . BRI, i #iftid &
HE A BE R ORI PR S I B g/, U R R
GUJR) RIS BT (1) P B2 R 8 o

1.7

6l 0 —+— T#1: 60 cm, 2RISR
o —O—T#H2: 60cm, 4ABAEBIR
g 1.5} --A--TH3: 75cm, 2AREBIF
W 14f
P I ] S, W o E,
® N S
o120 A ¥
& Lr \AD"‘;P—ENU——A
# 10l - - _ SO——pg__ ___ - —0=-0- -

0.9 S Y W S S

0 4 8 12 16 20 24 28 32 36 40

G5

14 TR 1~T00 3 sl (BRE) RERK

Fig. 14 Load transfer coefficients in test No. 1~No. 3
4.2 Th2fEa#EfRiEath RS0 1 3t

(1) R84 73 Hr

Gl 15 Fros N 0L 2 FEGURFRRR 5, B 4 AR AE
W )3T T i 5 7T I B A i I 8] 22 A i 2
ATRUAEL, T 2 iR A RS T 1 2R
K15 o, JR RS A i e, SRR3R RE Y B T
BT LTHEILR, JFEAEREERE 4 s, L
JE S B AR LTI [FIRE AR REE D) T RERT BL. 15
BRER)E, 95 SR R REL 32 cm,
JEIIZR T 40 em AL RIKP DA T 1.80 5.

TOL2 H, ABERABIAE 4, 6, 9MRBE LK+
KRR KT T 1, dar i, 2R Em
PRI BRI, e 855 X ] [ TR Jl i = R 0 KT
JRIFBIEIAE E BON IO . RIS, BT T 2
PEAONELR, JRESR KA, AR AR TR AL N &
W KT TH L, il 16 fir.

(2) LI HEN T340 3 Hr

WAE 17 Pros 00 2 FEGTR AR IR i, 25 M
A B F5e K25 SRR A Bt T 1) AR A pth 2k o ey BT O
O 2 PR B B AR S T 1 2. (ESRAR
MFTO 1, oL 2 PRI E, SRR
P R B B 2 1

*

,,,#8

——--#10

13

25 p "8

i e e 7T #25

x L \J sy o o : __wg

2 08 VT mmaELEAEETE 00 s
0'60 2 4 6 8 10 12 14 16 18

B TR /s

B 15 T 2 FHETUAT 40 cm &7k F & H L hsk
Fig. 15 Curves of horizontal earth pressure at 40 cm deep versus

time in test No. 2

8 —o— TH1: FF260 cm, 2MBBIIR
£7 —o— T#L2: JFH260 cm, MRBIR
6 —a— TW3: FFB75 cm, 2ARBIR
s —v— TH4: FF#60 cm, ELEBHR
WS
2 4
3
-ﬂ Q
) A\A/\gzs V\

5 0\0 \
T —a
. e

20 24 28 32 36 40
iz )

16 FEMEIR5 AT 1E 2 XTI L
Fig. 16 Increment of displacement of pile top induced by partial

12 16

(=]
»E
oo

failure for different tests

V0 . R 5o
o 16 THRUBER 01 i
$ 1.5+ mg%l*ﬁﬁ P #3)

THABERME —"B5 ---*38

BT AL L TH13%H
w 13 el =

i L

=12

®of

® 10

® 09

T 0 1 2 3 4 5 6 71 8 9
e 1R /s

17 TR 2 B ER T RKRBER SEEL (L iz
Fig. 17 Curves of moments of intact piles versus time in test No. 2

(3) i (BHE) fLiE R

A 14 7T, T 2 AT EUE S R85 T 1
AL, EE T 1 ARBR, T 2 ORI
AL RE S, 164 BTN 1 (1.42) K, AN
AL B IVEE T, FEmTE ] LLAE] 20 FRAELL
b SRETATA 1, 2 B0 Eeordiras R E, &
14 7] DAt — DU Y, 2 )R SRR R 9 [ 05 K, 2k 26



9 1

LR, 5 BB HE S ST K BT FESERA MR B 7T 1647

SCH AT EEOR, s B AT ) BN
BNRE, EE W R, HEER A, RIE
O BB AL R, 24 = S A TR 3 B R K 3 — e
FEJ5 i 3 2 2 B RS0V LR A P B ) AR AR AR Y
EEIPNIIE: PN
4.3 T3 EHEENHTESIR | 3t

(1) R4 Hr

18 LI 3 sh TRy B s 10 , AR Jm MR
T 40 em AR A 2. 00 3 EERRIELR,
GUAMD 18 BRI Bl 288 E i 7 I AL

1.5 —#3 o #] —..—tg
L4l L BERREL )
ot
| EEBAE, RS HRER
; WERAME HEHR
I i R NS
R JM’C‘~ ,,,,,,,,,
E_ﬂ‘l.l_ et P IXR el £ 2 0 Bl
£ |k e PN
1.0 -~
2 /swamw
& 09t ot BERR,
®osl | mmasrEt
ol EhEETE
“10 0 10 20 30 40 50 60 70 80
B[R] /s

18 T 3 #ETHLATS 40 cm b7k 4+ & T (hpzk
Fig. 18 Curves of horizontal earth pressure at 40 cm deep versus

time in test No. 3

WK 10 (o) fiw, 3 50 G TARER 37 em £ 45,
TR SO 8 R EACE] 3 em. WA 18 FTUR,
3 MEJE I LR R R R R TR 132 1%, 2
Ji BT AR JE R L RS i S A, R g SO R B
2GR I FRREA T E AL REVE LR, Hl
TG LRI 2, LIRS RRE FRES, mE
B SRR A R 0.78 R A A . T4 MR R
53R, FIREE R R e Pk BT, BRI
T, T6, "8, "23 HEJE LR SERGUR MBI R E
BN LT, BRI B .

KATH AL T 40 em A1+ K 138101
I, FHEAS B AT WA I A 5 - e ) R R AR AR 1
52 RHXE, ARITAE (PIAE - N A8 B R () B H AT
SBRFL T2 4 AR A I R R

(2) LY HEN AR5 HT

WE 19 BN T 3 R RS a5 5
REHBERT R R 4k, 5 T00 1AL, T3
P9 JR S AR IR B WA BTS2 S MR/, EL S AP 1)
25 R G OK .

(3) ffgk (BH) Lk REL

B 14 7R, TH 3 Bk 2505 T 1
REME, T3 Bkt 25 73 8, 1200
BT 1 (1.42) /N, I HBERE 85 = 3 A0 B AR
AL R A PR 2 . kP, T3

e JE 0 L A R BN EVE B T 1K
BG5S SCAP R SR 8 I PR 8K 1] B2 )7 A% 3

iR R BLR AR D BRI RUR I, KRR
BRI IR AR BN, DU NI RAR, 7E32 5
JR R 5 51 RS A I M A T N R AR RO R

W 16 AR, B EE0 X AR = Ak — 25 i N ) B
I3AT, KR e B A RS Ak
e S S Ry
£l [ ok
e TRUGERS o
Nl wﬁgmm - TR
W -
B
iR 1.2 +
i
§1.1
B
®10

I 18 /s
19 T 3 hEERIRIFIE R TARKR A TZIEE L
Fig. 19 Curves of moments of intact piles versus time in test No. 3
4.4 TR 4 =8RSS EEMIAIE S
(1 LS
B 20 v THL 4 TG R EE 4 HERBAERIR R 3 s
SRITAE SRR 40 em Ab-EE SR LI L. P5~"8
Ja BRI MERIR (I I 15] 73590 7E 4 ARATAR =) 58 R S8 Al
WG 0.51, 0.73, 0.79, 0.86 s. HE—HHrERM, *
AEAE: PR (3 359 2 SE BT TR RO IE 1R) 4 1.03 s 7EE] 20 H,
'S A SRl B BE U IO BR IR, *5 BE bR
ZRRE), MBISAR, "6~"8 Ml 13| A I b i )
R A RIABR . SARTE, BRI IELL IR
FEH IR, 1~2 s WA R 58 OB AN E LRI R .
10, "13 K16 BEJF L TE RIS B k&
BN BT, B4h, fE5~T8 MEM4RIIRE, 10 #E Lk
(¥ Ly kP T, TS ~"8 KRR A A
VEFITE 10 A A BN — 25 15
L6 R K222

22 P
el ) 'SR \ 13 *16
12 - i 1 e -»\.I:"\
ﬂ IR R e
£ 10 TV
%08 10 R /775 "8k
M R thig B
.H
0.6 |
! LTSRS
0.4 1 I L 1 1 1 L I
00 05 10 15 20 25 30
/s

B 20 TR 4 #ETFUATS 40 em b7k S+ AT bk
Fig. 20 Curves of horizontal earth pressure at 40 cm deep versus

time in test No. 4

(2) HES SR B



1648 H O+ T OB % M

2016 4F

21 N 4 WRBME R B A, B HoAth sz 4
PR B f KB AR 2k . 5 T 1~3 K4, 72 )R
SR RS, AR SCH RS ARGk BT For's A
TE RN R A 0.5 s ZEATREIR , BEI™S At 5 K4
T2 79 1.39, Pl A 5 AR BT B A
FIRERT 1.3 UZiiit 2 e 240, wlE 22 .
Bt S B2 22 28 4 W, B BOEMIE. 72 1 s
TiAa, "5 5 M i 3 R T 5 45 5 R R A B R
Yo "13 HER"26 HE I R A AR R LT,
FEFFAR B ARIR -

55— -3
T usg 26 ——-%37
L LR 39

O.IO 0.I5 1.IO 1;5 2.IO 2;5 3.IO
B Rl /s
21 TR 4 pEHERIAER TEMMEA T HET L ihsk

Fig. 21 Curves of moments of intact piles versus time in test No. 4

19
A —0O— 80 cmifAk (BRI AL)
1.8+ —0— 65 cmiFAk
1.7+ Q\  —2—50 ci4k
ﬁ a
816
@ 1.5+ RIRTER L RH
& 14} Y
(T IR ﬁxf ——————————
h AN
I o —
" —

4 5 6 7 8 9 10

22 TR 2 # 4 RERFETFREIRELGTEHAERE
Fig. 22 Coefficients of load transfer at different depths after failure
of 4 piles in test No. 2
(3D BEERIR J I 5 ARk
M4 R BEREAR 5, ABITES 1 ARAE CRI®S )
FELHSNAE R N B SR T, IR R R
REFORGBR TS AR Sy, E497S BEdTINT . U BHJS,
"6 BERCMATI RN EE 1 KRAE, A2 B3R K B A
IR BN R P R IR AR "7, 78 BEmR it
5%, "6 MEARIEl. AR, 7E"5~"8 WMLk R A BIR
T EBIA G FE A BTG R B [F I, RS L IRk R T
W, AR ARG B PR A S RT3 30 X L I
BEE . 7678 MERIR G, 79 HEFE L BN AN 3 3 X S
AR RN, TR A PR 25 R R e T4 SRR FR 47t
LRE ), RESLIAE" bk, mtnr s,
FEGU R RS SRt B A BT AR, ORI
JETmEfER, (HETPGE TSR K RG], 2
18 DTSR B AR 1 i E R A

5 &% %

A T G0 R TSI R T s 48 B % i 4
EIRIOBR R, AT T SR SRR S R0+
TR 7R RS 41155 0 P9 S8 A S A0 A, 07
TGO T A SRR LB, BT

(1) XHHERE S SEST, 4R A HEE o5 2 1508 i
SR SR 00 TS R AR AT A B R0 0 5 40
IR A P P LB S8, 78 R AR R A I W
BN SE e A P Hh T S R e B A V4
X AR A S BN X TR AN, B
TRV o AR FE 1K/ SRR AT £ 0 4 46 v
TSR R R, R e T S mIR
BT, BERZIE.

(2) XTRBEHENE L LEH, 15— e WIS R
SRKFETE R Y, WA R SRS R, R g
ORI, T B MO B

(3) MK T, SISO A,
R 6 06 R S, ORI PR, 76
31 0 E RS R AT R RS, S8
ENIX Ak A T KT BB S 4 A, BRI A
AN RS S, T A AR R — s v
B B A 6 R BN . R, AR )
¢ 5 P R 20 SR AR BR  0 OIR  FE
[N, TR BT P I 1 PR R 25, ZEARATbE 1T
P2 A — S, DU 5 R 2 SR

(4) YA RTINS 1 R A%
RO T H %4 RRN, YUK & ARSI, (HE
ETIRTE A, LR IR B 5 F B A S BT R T,
16575 - B0 S S A 4 5 B 2 4 bk R B
N, SESEREIRAS EARE b b T2 T AR S o i
HEHE S LI, BB R S5 0N i T B
i RGOSR E AR R E BRI

SE -

(1] W, S5k, 5k MBS RSIE A I ES IR
KR A R AL )], 5 TSR, 2014, 36(1): 105 -
117. (ZHENG Gang, CHENG Xue-song, ZHANG Yan.
Progressive collapse simulation and redundancy study of
ring-beam supporting structures of excavations[J]. Chinese
Journal of Geotechnical Engineering, 2014, 36(1): 105 - 117.
(in Chinese))

[2] ZHENG G CHENG X S, DIAO Y, et al. Concept and design
methodology of redundancy in braced excavation and case
histories[J]. Geotechnical Engineering Journal of the SEAGS
& AGSSEA, 2011, 42(3): 13 - 21.

B1 * W, BER, 4 . ESUSEKEBOTEL TR



9 1

FETRe, S B AR S BN K ETT [ RS LRI BT 7T 1649

AT, E 1%, 2014, 35(2): 573 - 583. (ZHENG
Gang, CHENG Xue-song, DIAO Yu. DEM simulation and
redundancy analysis of excavation collapse[J]. Rock and Soil
Mechanics, 2014, 35(2): 573 - 583. (in Chinese))

[4] HAACK A. Construction of the north-south-metro line in
Cologne and the accident on March 3rd, 2009[C]/
International Symposium on Social Management Systems
(SSMS). 2009.

[51 25, Z2Ai. SR ch B GURR 8 0 o (0 9 2 i
FR[J]. TFEENER, 2010(1): 1 - 4. (LI Guang-xin, LI Xue-mei.
The shear strength in stability analysis of subway pit in soft
clay[J]. Geotechnical Investigation & Surveying, 2010(1): 1
- 4. (in Chinese))

(6] FKW AL, FAKR. FUMMBERINSIGG “08.11.157 Zbuftin
WO HTT]. A AR, 2010, 32081 1): 338 - 342.
(ZHANG Kuang-cheng, LI Ji-min. Accident analysis for
‘08.11.15” foundation pit collapse of Xianghu Station of
Hangzhou metro[J]. Chinese Journal of Geotechnical
Engineering, 2010, 32(S1): 338 - 342. (in Chinese))

[7] COI(2005). Report of the Committee of Inquiry into the
incident at the MRT circle line worksite that led to collapse of
Nicoll Highway on 20 April 2004[R]. Singapore: Ministry of
Manpower, 2004.

[8] ARTOLA J. A solution to the braced excavation collapse in
Singapore (Master thesis)[D]. Boston: Massachusetts
Institute of Technology, 2005.

[91 WHITTLE A J, DAVIES R V. Nicoll Highway collapse:
evaluation of geotechnical factors affecting design of
excavation support system[C]// International Conference on
Deep Excavations. Singapore, 2006.

[10] 36 /%&H8, KRBT, Bk, K, BEF L EGTHbERR et
LR HTE. A& TR, 2008, 302): 250 - 255.
(HUANG Mao-song, SONG Xiao-yu, QIN Hui-lai. Basal
stability of braced excavations in Kj-consolidated soft clay by
upper bound method[J]. Chinese Journal of Geotechnical
Engineering, 2008, 30(2): 250 - 255. (in Chinese))

[11] BJERRUM L, EIDE O. Stability of strutted excavations in
clay[J]. Géotechnique, 1956, 6(1): 32 - 47.

[12] XML, B2, ST TREFMM]. dest: P EEST T
Hi k4, 1997. (LIU Jian-hang, HOU Xue-yuan. Excavations

engineering manual[M]. Beijing: China Architecture and
Building Press, 1997. (in Chinese))

[13] DG/TI08—61—2010 J11575—2010 FEHT TR A ML L
#)[S]. Li¥F, 2010. (DG/TIO8—61—2010 J11575—2010
Technical code for design of excavation engineering[S].
Shanghai, 2010. (in Chinese))

[14] CHANG M. Basal stability analysis of braced cuts in clay[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2000, 126(3): 276 - 279.

[15] XIEM, £ TR, ETTREFMM 2 . b S EERA
Tk 4 A AL, 200: 121 - 146. (LIU Guo-bin, WANG
Wei-dong. Excavations engineering manual[M]. 2nd ed.
Beijing: China Architecture and Building Press, 2009: 121 -
146. (in Chinese))

[16] TAAHL, BRBTIS. 2 SCHE I A & M 1 9 B 2 o
AT, A TR, 2006, 28(11): 1952 - 1956.
(ZHANG Yang-song, CHEN Xin-min. Finite element
analysis for slope stability with multi-braced retaining wall
through reduction of strength parameters[J]. Chinese Journal
of Geotechnical Engineering, 2006, 28(11): 1952 - 1957. (in
Chinese))

[17THSIEN P G OU C Y, LIU H T. Basal heave analysis of
excavations with consideration of anisotropic undrained
strength of clay[J]. Can Geotech J, 2008, 45: 788 - 799.

[18] UKRITCHON B, WHITTLE A J, SLOAN S W. Undrained
stability of braced excavations in clay[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2003, 8:
738 - 755.

(19] FE S hn, A W, XSREWA, 5. FEUUEE HESC 3 R ik
R Bl R FECETIRAHLEERE A ()], A TREEIR, 2015, 37(7):
1249 - 1263. (CHENG Xue-song, ZHENG Gang, DENG
Chu-han et al. Study of the mechanism of progressive
collapse induced by partial failure of cantilever contiguous
retaining piles[J]. Chinese Journal of Geotechnical
Engineering, 2015, 37(7): 1249 - 1263. (in Chinese))

[20] JGJ120—2012 ZEHILLTSABOARMAES]. Jbnt: hEE
A Tk B, 2012, (JGI120—2012 Technical specification
for retaining and protection of building foundation
excavations[S]. Beijing: China Architecture and Building

Press, 2012. (in Chinese))



