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Analysis method for basal stability of braced excavations in clay
based on undrained shear strength
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Abstract: At present, the analysis method for basal stability is mostly based on the consolidated undrained shear strength index.
The method is unreasonable in theory for the soft clay and does not consider the strength of the soil above the lowest support.
To solve the above problems, the traditional analysis method for basal stability is improved. The consolidated undrained shear
strength index is converted into undrained shear strength, and the strength of the soil above the lowest support is considered.
Furthermore, the circular arc mechanism of the upper bound limit analysis based on the undrained shear strength is proposed.

Through the calculations of engineering cases, the factors of safety obtained by the traditional circular sliding method is

generally high, while the results obtained by the proposed upper-bound solution are more reasonable.
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Fig. 3 Influences of embedded depth of retaining wall on factor of

safety (Mp=0)



1580 s+ T OB ¥ #® 2020 4
(224 BH Kuor Ko PAETEXANFIEE, BE% DIH S 8 3Rl LAr 9 RS 0.

TR, 3 A B AN Sk A BB R T DIH (D Hy=H

B, SRS AHACREIT can po BEI1% W, =vyRH (12)
LRM Koy Ku BHKTFRABIFOAHKEBIE co () H<n

AT 1k ERRMASIN LA R Ko K P

FLBE DIH R 0K TR HE AR oo & W, =vRH, <[, [ pvdwe . (3)

FHBRIFZ AR B E A5 2 ) 22 4 RBOR TR 45
R, [FEF, 4 DH/NT LR, HERKTRABEZSA
HEAKR LR bR T 45

2 ETAHPKEE R LR
2.1 EFEIHERIE S M HE I LR

Huang SO 1 T RIS b 15 AR 5T X 41
PRI HE AR SR TR R R E L IR A7 10 I ISR
WK, A STBYIREIX PSS 5311 5 20 T 722 1
BT CERNBIb R IESE T MR, I b
RLTSLr o R T AR 2 RUBE O A . S st
SIHT, BICHLRG b BRI 19 54 ST LA A5 24 S
AU RS Vo BV ML B 0 ) 4 T«

q

4 IR R IR 7
Fig. 4 Failure mechanism and velocity fields
BB o — ARSI abef LA 3 SRR 5980
WX fed, fdd' UK ee'fd’ k. BA H, ARIPESLA
MIEREL, he N T I8 SR B AL UR AR OB 2. B
WX fed A0 fdd" FIIRS BN SRR — 20
BERE AU AE ST N AT AR 58 FE AN R
GARBF A8 SN
F‘=§:E+U°
s Z W
A, E BT IX R 1) W L i 0, Ue
PRSP RE, WO ) KR, TR
VS

, (9)

Sw=wqw, (10)
A, MR A8 g h N
Wo=vaR (11)

X, Hy NRESUAR R, R NEIER, vy ALE
HE,

B IX R 3 R TR BT 1T b PR A A Bl T 7R
ZE:Ebc +E, +E/'cd tE 0 TE 4y TE '+Ed'e+E/h +Egh tE,

(14)

K, Eper Ecar Ead's Ed'es Eps Egns Ena 73 M NIE
[ Wi be, cd, dd's d'e, fh, gh, hd ERIN S,
Epas Epd's Eeera WINBIRLX fod, fdd's ee'fd'HIN 71
Wy 4 H<H B, BIRIX eefd NELE, KIHE N T
W) Ecea=0o

FURE SR AR TR B W] o U

fdd ee' fd

Ue _ ' y J‘H+D7Hp
20W"(2)) pax 7°
LA R N ERRE T L@ 25 m, R AN

H, AR 2], TRACSEIN 2R %A N

H+D—Hf£R<J#ﬂH—mf (H,<H)

R<B, H >H (m>0)

H-h <H <H+D

2.2 [EIANAAEERESEUEsERITEL (Mp#0)

NT A GEETAHEKSRE co MIBIIHLAL FFRIE
AR S St s R 25, EH LT E S
H=10m, B=40m, he=2m, c,(z)=21.42+3.89z, y =18
KN/m?. THELE R ATBR 2 H R B B, HREE
BIRA TS B, Hy Yo H-he, BIESEEZS 37 25067 T I
NESCHEEAL . B S AT iR AL D/H=0.7 F1 1.5
i, B SIALARY bBRE DL R T 903 2hi2: 15 2 i B b hi
{2 4 R BRI SR B SR M, k. T LLE
BRI b BR Y5 5 A HEK o B it J5 1
[ B T 1545 BEE M, I8 KK, (HIE M,
I B AR (T T52 ICRTL AR (1 225 SR AR A % B D B I
I B U - BRVEAS B 22 2 KRB BT
B9 307, T H R _RAH B NiE U E+
R (R HE - B 6 45 T $4 RS AR PR 25 M=0 F1 2
MN-m B [ IALAL 15 21 1) 22 4 R B BE 3R A L D/H
A4k, FHEHERERAF R NE DL bR
S [ I skt 4T T . B 6 T LLEH, 24
M=0 H D/H /NI, SR BSNE 3k RStk i
W4 ZEATREREE D/H (BTN, T R L 75

(W'(2))dz +%Myw'(0) o (15)

. (16)



9 1

SRR, G BT AHPKSR R & Ui AR E T A 1581

BRI L RWAAFAE XA P, B35 D/H (KT K,
TG, R, AFRER TESCEU B RGRE R
Wi (4 [ I Bk ERBE & D/H 3 KT 4K, 5 D/IH
BORIY, Frfs 22 4 B BOMRT BT UG BT R AR, T A
AEFE I .

5.0 —a— [RSRHLA (DIH=0.7)
—o— [EIYRHLHY (D/H=1.5)

4.5 —— RN B LK, (cu» DIH=0.7)
—— [FR BHIEK, 1 (o, DIH=1.5)
4.0 - - [N 3k Ko (cu, D/H=0.7)
-o- B EhEEK o (cu» DIH=1.5)

M, /(MN-m)

5 HEMREENRE R RHIFT
Fig. 5 Influences of limit bending moment of retaining wall on

factor of safety

—-— ﬂ]ﬂﬂm(Mp:O)
55r —o— FI3RHIAY(M,=2 MN-m)
50F —a— [BIRI B K 1 (cu» My=0)
—— BB LK, (o, Mp=2 MN-m)
4.5r - o - [EISRH B K 0 (o> Mp=0)
40F -o - BRI B %Ko (cy» Mp=2 MN-m)
&Y 35F
ol
251
20F
15}

1.0 1 1 1 )
0 0.5 1.0 1.5 2.0

DIH

6 FEIEHEALL D/H R L Z AR
Fig. 6 Influences of embedded depth of retaining wall on factor of
safety
2.3 B ERRES REEEERISTEE (My=c0)
LR RE R BRI PE TS My=oolt],  RIE3E 58 4 M1
Y, i 7 poR, SRR G R LR RS 2
BERES, R H=H+D>H, 45EGHI5IEAEAE Ues0;
X5 B _ERRZ, AR E m=0 I}, AR SITTRIX
cdd P VLR SIBTRIX R Dy 7 & B b A
Jiik, i 8 pos, I SER RGO AR
R R B hR R, BIITEARI R=D HEAT X EETt 5. T
230 () R (8) M aEich
["e,Rd6+2R[ " c,dz
Ky== 1 ‘ ’ (17)
2 (qg+y,H )R?

[[e,rd0+ R[ c,dz + R,z o

K, =

S

1
E(Q + VOH)R2

7 WIRHAARGRES (Mp=c0)

Fig. 7 Failure mechanism and velocity fields

q
_ JI”H””JH
H .
B FE#
he
W
G c 0
D
ol fo .. Kl
]
|
. R
]
]
]
: —
E

8 ESEENEHEER (My=c0)
Fig. 8 Sketch of arc sliding method
XEHEGIS S 2.2 FEHIMEE. B 9 NREERIK
BRZSH My=coltf, BIURLIX ¥ S BRI A BT R
[ SR PR i 2 T AN HE 7K 0 B A IR S 3245 21
()22 4 R ABE AR A L D/H 784 WTLUEH, fE
A LB/ (D/H<0.5) 5 QR B FiE S P
b AR RN, B9 ST BT B 2 4 R K
FEEf K, [RINBESE D/H R RATE FE, XBRA
FEL, WRAHEE R FIESCHE L BRI, [
T BVE THRAT R 2 4 R B Ko BEE D/H HI3E KT
BER, EHLE AT RIS Za 28, YK
DS B K IR P 45 5 SRR T B 0] X O AR 2]
BT B ST o

3 Tiesefilorth

B SEAT A T 6T S AR P 1 I 9L L PR
REIRHEDE, IFHEAT 7R AT, BLF R B3
Fa_E BRI A I A 3 A TR AT 30 55
B



1582 H O+ T OB % M

2020 4F

Ta PR BEK, 1 (c0 My=20)

—o— YN BT Koo (cy., My=0)

—a— GBS - A B ATB (M = o)
o BIRHLH - B510 9 (M, = o0)

1 1 ]

1
0 0.5 1.0 1.5 2.0
DIH

9 IR D/H &2 REHFM (My=o0)

Fig. 9 Influences of embedded depth of retaining wall on factor of

safety (Mp=o0)

3.1 TiEHEM1

B Ny g H By, 1% 0UE BRI
PR, FREEEGUFZIREE N 11.65 m, K 950@1150
FETEE P gE e, BN 24.55 m, BETHRR R N-0.45
m, FAALL D/H=1.1. BB EREIESTH i B & 10
Fim. B HESHWE 1 iR, EERETUTZHRE
N 10.95 m, K 900@1100 HEVENEFF 458, HEK A
23.15 m, METHARE N-0.45 m, fHALL D/H=1.14. i
AU AR ARG S I B B 11 s » B AR BT
S E) 2 FR TR R 20 kPa, HLASE R RYREAR PR 40
fI5em, R M=0.

=1 EH 1 BB iHESH
Table 1 Soil parameters of excavation Case 1

5 E (78

el N TRRREIEDT, DL, MREETHURE R 2 4 R
i T BT RS 24 R AR RN, RS L
BRIEFTS R & e R M T IR 2 R/ 5L N
HEL, BEAh, BN SRS 2 A RO AR X i e

q
_ OZ—IHHHH
o @1
= 525V [T
1l
= @-2)
@
o
o
E (5-1a)
o - (5-1b)

11 BB 1 ARG E
Fig. 11 Annex building section of excavation Case 1

3.2 I#iEEfI2

GBI R H By, RYUTZRE H N
6.45 m, KM 650@800 HEVEHEE T 251, HEKN 14.2
m, BETAR A 0 m, FiA L D/H=1.2. TF 5N % EH
B 20 kPa, HANEEREN RS, R
My=0, FEGTHITH R WE 12 iR, EYiitEs e 2
Bt o

j: — — i 4 u Ccu
JZ= JZE/m JNm ) () /kPa
1-1 0.84 18.0 20.0 0
1-2 0.50 18.6 20.0 0
2-1 1.80 18.5 33.0 4
2-2 8.50 18.5 33.0 4
4 3.70 17.0 11.5 12
5-la 6.30 17.5 12.5 15
5-1b 6.20 17.9 16.5 19
q
_ oVY— [ [ ] ] [ [ ] ] ]
" T T ey
; sas— [T T
Il
= 8.55 ¥ — 2-2)
@
B et | SELREEERISREE
o
g (5-1a)
RN L] (5-1b)

10 Bfl 1 EEEGEIEE
Fig. 10 Main building section of excavation Case 1
ZLAE TR EERRRTIIE R Z a R BNk 4
PR BT BERGEGT AR ST PR FEEIE IR, 4l

n 1.65¥— -1

\%: ________________
= @-3)
E @

12 Bl 2 BirH|mE
Fig. 12 Section of excavation Case 2
x2 2 BT EHTESH

Table 2 Soil parameters of excavation Case 2

— — EE Pcu Ccu
+ 25 m (Nm3) ) /kPa
-1 2.13 18.0 20.0 0
23 4.95 18.5 32.5 5
4 10.33 16.9 11.0 9
5-1 5.11 17.7 15.5 12

GIEGIPIE R 2 2 R BUE 4 P, 22 5B
fas RZEFREOR, 17 T BN shii K 2 58



el SRR, G BT AHPKSR R & Ui AR E T A 1583

ESERONO I 4, AT S 58 5 S 0K 5 a
PRBEG STRAG P RO, i EUL e R T sv I
Bl FN, TR TSR R RN, | el -2
BB G AR T E S, ARG (4 R BN i gsv—{ |
. BBIEEREY, KA BT BRI 45 R/ 124 Y 4-2)

TR shik irfs 24 /8, mikeiEdER.
3.3 IiEHENH3

S 1, 2 B A TR, Nl : &
UETT VR PTAT VE, e RSO ) SR A AR SR R AT 0 B
KBGO THRERZ I8 1 5 bkt 2 55 -+ =
JL. 2008 4 113 15 H, ZRRGURAEEIFIE L 13 bk 2 EAMEER L EA
UG PREESURIL R WS IE R RS, Y1 Fig. 13 Subsurface soil layers (from site reinvestigation) and a
BFELE 32 m, FRIEMERN GG, BEEEEEHE 1 typical cross section of N2 excavation
TR RS AT Kok R T AR Bk .
whidb 2 SEGTK 107.8 m, FEELIN 215 m, HEHUH 020 40 60 8 100 120
SPIIFFSIRREN 15.7~16.2 m. SGURA T T kst J U 4
A S NSRS, SKRH T 4 18 ¢609 R K 10} _ IROLMEAA AR
PP, SCHERIE BB A SRS YRR 1 P P E1SE . N
13 Fiat, GRS HORE IR, 17, 2014 fof O\ G
VF BRI LG FHE, TS % SR R 20 kPa, 21 \> )
HAE EEPLREAR R S H R, B My=0. YT S 0T, =5.631-100.6 /N
IS 3 B, HAR B HE K SRR bR R R s e
HEAK R S SRS AN HE KR AN 14 Frs o 5] 5K 14 iR AL 2 BAHAGRE 3
Wi, R FREBEE SR ER RS R Fig. 14 Undrained shear strengths at a typical cross section of
Wk 4 FIiow. N2 excavation
=3 B3 ERTEITESH HE 14 A&, HTAMESR A HEK SR E ] 2 KT
Table 3 Soil parameters of excavation Case 3 SR AL AR B A HEKSREE, X 0] B T R as st
e pm e o BRI AR HE SRR AR WL s, 3R
= ) ) A W HE KR, T PR & RALR . 1% 4
42 13.5 17.1 18.8 19.6 LG, SRR S A HE KSR A3 45 RAC TR
6-1 17.0 17.2 16.7 203 FHE G5 A HEK IR SR B FRAR I S5 s [, BTN

* 4 BEEERERELSR
Table 4 Calculated results of basal stability analysis

] SiEPHINA
WS Tk [ ST LA (cu) 72 Hi 3
Cceus @cu) ﬁ%f@g (Cu)ﬁ)%{'f@g (C ) -
B H B T IS R % by FD i i
1.88 2.02
B 1 Rk 1.52 1.83 1.45
(2.44) (2.57)
1.76 1.82
Ry 1.54 1.67 1.51
(2.33) (2.39)
1.50 1.51
Bt 2 1.41 1.43 1.22
(2.13) (2.15)
2.03 2.20 1.60 1.80 1.34
5 3
(2.23) (2.39) 1.17* 1.29% 0.98*
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* 5 IR K IIA A HEK R A5 22 4 280 CRANBRITIZ 48 B E D .
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