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A method for analyzing anti-overturning stability of global retaining
structures for deep slender foundation pits near bank slopes

WANG Cheng-hua, GUI Yu-qian
(School of Civil Engineering, Tianjin University, Tianjin 300350, China)

Abstract: The retaining structures for deep slender foundation pits near bank slopes are likely to overturn globally. The
overturning failure mode is studied through indoor model tests and finite element numerical simulation, and a new method for
analyzing the factor of safety of anti-overturning of retaining structures in sandy soils is suggested. The spatial effects of a
retaining structure for a deep slender foundation pit as well as the influences of the earth pressures from the limited soil masses
both inside and outside the pit are taken into account in the calculation of the factor of safety. From the calculated results of
some exemples, it is found that the factor of safety of anti-overturning stability increases with the unit weight and the angle of
internal friction of the soil. The further the bank slope is away from the retaining structures, the smaller the slope angle and the
shallower the slope, the larger the factor of safety of the structures is. The larger the value of the surcharge loading on the side

away from the bank slope is, the unsafer the structures are. However, when the distance between the structures and the bank and

the slope depth reach respectively their certain values, the factor safety will be a constant value.
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Fig. 1 Schematic diagram of setup for model pit near bank
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Fig. 2 Deformation at the top of retaining structure
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Fig. 3 Finite element mesh for model pit near bank
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Fig. 6 Rotating centres at different penetration ratios

(b) ho/h=3:8

3 MUMBREREARN
3.1 HIRERES TR
3 3 AR G S AT PR TAS AL, 1l
TGS S SR i e Bl Lo A BEAR U B
P s B (1 5 B U RRUE AT T A AN
W, WO A R PUBUR R TS
EERIEL 7 B IS0 S5 R 0 R 73, A
JHESARGE Ty QOREEN RO AE S 5 K JER T
B b Keb Kbs @FTN LS ABESE S, DO S R T
BRBUKP-HU)1; @F%E By D MM 45 K it fH
T35 A BEHIZRIMATER RE LN, ©A%

FEHL R K,
0 X
zZ
y T b 1L
q B

7 ZIPERB IR S R
Fig. 7 Mode for analyzing overturning failure of retaining
structures
SH T s SR RAT AT E, ORI AT
S EHRIPUBE R E 2% R EON

YA

C2M,




1370 ER SO N = 4 2021 4F
=M, +M, +M, +M, +M, +M, +2M + E :2J.d/zy_}12tan9 .cos(9—¢) oz s (5)

oM, J,-MG).(MEm +M ) o2 sin(@ —¢—9)
= { El,+E I +[E, (b+e)*E, (b—2t+e)tE (b —e)+ E, =2 IM 7| 1 tan g~ 1tan0 - b)’ .cos(é’ -9) dz

s o 2 tan 6 + 1 |sin(@—¢p-95)
Eci(b—zt—e)]-T+fbi(d—zz)+fb0d+Ge}. tang
) (6)
-1
(Bl tEGli) ™ o M g =2 L (- b,) tan + b, (219, v ﬂ

Kl My o My o M, . M, SRR AL C 2l tan
DP9 38 SIS FE 1T LIS S M, M, M, _cosl-9) g, R
M, SYI 5 AL C O3S SO0 e BEL ) sin0=¢-9)
B M, o M, Sy RS B DR, ShH0) Eo =min(E, £, ) )
BEBL BT 72 S s Mo S04 T2 E - 4:“-'(1_%,,1})%?;,; KK, » (9

Hio Ei» Ear Ecr Eco 77l AETKY AL C AHES.
AR LIS TT s Lis Laos Leis Lo 73PN E ST Egiy Eaor Edis
Eco MEH R RS S5 IR 255 foi foo 230 R 4544
B M8 AMEMIEERE J75 6 A5 IS EEEE ST b,
ds h A SCA SN G B s ko AT
OB ¢ NP EEEE ;s e B0 2GS
O R O B

S5k A MM+ ) Eqo 4% 85 18 25 18] 250N AE
HAERMTER AR RS, R AR A
HHEAWA (2, 3); it B M. D MAME LK)
Evor Eqo T M8 173 ) 2N (1) TG BR A b s g7t
5, AEas MR BRI SR AL EE R T foon faor WL (4D,
JERR D)7 7K 10) s 5K C AN+ Hs ) Eq, #2218
2 1873 AN A B AR 3 R vk, sl 8 B
N, R IBOE A BR EAACkUE, WAR T RS
PP, 88 PoP3 8 PPy AL —BUHAS, X R BARTEAR
AT =M WIEs#E 21008, #3h kN
H (5 ~ (D 1E/AME, B RATECh PR E RS
1/3 Bimids 4t AR ) Egy 8589 C I3
1T Eq AR A 3 ERJIvHE, )
& LIRS =AY, R AR SR A ho/3s
gitty B M. D MANES L) By, Eq 12875 B2 R
A LR S YRS BN S AT R = P2 il 6o R 27NN e
FEBR T foir faio BRI HERIEAWT

E, =2["tonr2gK K & @

a0 JO 5(7/ q) a’*spo ’ )
h3 h2
"ok gk

l :6}/ a 2q a:}/h2+3qh (3)
Sh2gK, )

b2l
fro = fao = Eyy tand =2 STHK K, andds, (4)

spo

m":hﬁ[45°+§j C4 m > 1, B m=1), (10)

d/2-t 1 2
Ecizz.[o 1_Ema S K Kydz o (1)

=45 -2) 4t b W e, 02
T 2
b2-t ]

foi=fy=E,tans =2 S 7KK tanddx . (13)

Xy R EEE; g WEEGUONE R OB Ko
Ky Ko23nlh B8, #8h. #b s 286 0 A
HMEERTT RS o AW LWEESM: ¢ N30,

Kopor Kepi 73 BIAGUAN . BTN BRGNS R KL, oH 4
JHREWE 8, 9 P HAbAF 5 5 ST

P b%y P,
XX
=
-
1N\P3 /XX P4><x
EP\A@.
S
R
o

8 CMNLENHETRE

Fig. 8 Schematics for computation of earth pressure outside side C
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Fig. 9 Distribution of planar earth pressure outside a pit
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