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Heave resistant stability analysis of pit-in-pit excavations in soft clay foundation

XU Liwei', MIAO Guangji’
(1.School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China;
2. School of Civil Engineering, Fuzhou University, Fuzhou 350116, China)

Abstract: The finite element method with the strength reduction technique was adopted to analyze the effects

of inner pit excavation on the heave resistant stability of outer pits in soft clay foundation. During the excava-

tion, the plastic strain zone appeared around the foot of the outer wall and the bottom of the inner pit; it ex-

tended and formed a shear failure surface with the shape of an arc on the side from the inner pit to the retai-

ning wall of the outer pit. The plastic flow of soil outside the pit along the failure surface resulted in heaves.

Effects of the spacing between the outer and inner pits and the size of inner pits on the heave-resistant stability

of the base pits of pit-in-pit were researched. Results show that increasing the spacing between inner and outer

pits, the depth and width of inner wits will change the form of the failure surface and the safety factor of the

base pit. There are three modes of failure surfaces under the effects of three kinds of parameters.
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Tab. 1 Physico-mechanical parameters of soil layers
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Tab. 2 Physico-mechanical parameters

of supporting structures
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Fig. 1 Geometric model of the base pit
of pit-in-pit (unit: m)
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Fig.2 Finite element mesh model of the strength

reduction phase
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Fig.3 Plastic strain zone of the first excavation phase
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Fig.4 Plastic strain zone of the second excavation phase
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Fig.5 Plastic strain zone of the third excavation phase
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Fig.6 Plastic strain zone of the inner excavation phase
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Fig.7 Failure surface based on FEM simulation
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Fig.8 Geometric model of pit-in-pit’s

parameter analysis (unit: m)
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Fig.9 Equivalent plastic strain with different

spacing of inner and outer pits
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on the safety factor
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Fig.11 Equivalent plastic strain with different
depths of inner pits

1.25
1.20
1.15
\:1.10 F
1.05
1.00 !
0.1 0.2 0.3 0.4

B

E 12 FAERELIZERZHFHZ N
Fig.12 Effects of different depth rations 3

on the safety factor

2.4 BEELEEMm

R T WS N TE EEXTST h ST R T R A
FEPEREE IR ORREST T 5T ST A & T LA S 5K
AR B o =0.43, 8= 0.2, MAENANLTEE L R
43552 0.08 ,0.12.,0.16 .0.20 ,0.24 #4750H7 .

68 T A5 381 P10 A R i e B ) SR AR
XA, B 13 A FEfE FLE 0.08,0.12,0.24 155 ()



318

fRE TS

SEROIB M AR B, AT LUK B TE B E R OGN T
PIE A, MBI R < Ry, R, HL0.12, X
FEFESNC AR B BESR T, e IsE T 2 2% RV 5 41
IR AR ENE . MIKBELL R = R, SMTTEIR
TET PR A AR T[] B A 7 O R 7 2 [ B 2% i 0
A AT BB A T )RR M L 2 R (A DA T 174

(a) R=0.08,f =121

(b) R=0.12, f,=120

o

_a:—

|

ol I

g

(¢) R=024,f,=119

E 13 ARWNNEE THERNEENEE
Fig.13 Equivalent plastic strain with different

widths of inner pits

Bl 14 AR A AT SEBE LT B 0 a2
GrhtER R E R 5, IEH ] LUK BLyRE
EARE L ERECTWINUTEE A, ot
VLR HOR U AR E TR, 2 B = 0.16
LA FBON IR AR A, AR S48 K A B 98 B )
SRR AR E B A R

S

bR 16 4%
1.22
1.21 o
1.20 o
119 o o o
1.18

0.05 0.08 0.11 0.14R 0.17 020 0.23 0.26

E 14 FEZEELXZERFHAFMN
Fig.14 Effects of different width ratios R

on th safety factor
AY
3 &g

1) o B eR T BT R X S b ek
RSBV B AR ZRFE W, BT RIS
(A5 PN TR 7= A BB R AR X il JEAS B — S
ORI EI NI 22

2) B TLE R B e A I T AL B IO |
TR INANIL, S AN RS IR 5 N BTHUR SR
TR YUAb I BN 0] N TR A 8 M IR
3, FEUR KRR K AEE N BTITR

3) B rp 370 o 3 B e S A 3R T ) T =X 5 P A
U B E H AT R B E RS A DG AR
AN EE LU I SHE o N AMITIREE il SHH B,
FIN NI FE BT eI S8 R, K040 WA [ B B B T
B H—, M a < o, AAFFE RSN AR B IR
1524 o = o, BEPRME IR TR S ML A B0 8 IR 1T )
BIALE s Y o > o, AAFESMIT I A BER T, 56
=8B < By, RAETESNIUI SR IR T 2 B =
By, B AR IR THI AN AP i) B e IR T [ B A A 5 Y
B > By, RAEEN SN SRR IR T, 25 =, 24 R
< Ry, ATFTEANIU I BR824 R = R, , %4k
T IR TG AN AT 1 B R DA T[] B A7

4 i STBiRER R e e RS
WANITTIRIEE G o BUIEAR DG, ST L B RN 58 B L
R AR,

[1] Wi, IFEIR, DR, B TR YU it k1], 5 - TR, 2008, 30 286-290.
[2] SUN Y, ZHOU S, LUO Z. Basal-heave analysis of pit—in—pit braced excavations in soft clays[ J]. Computers and Geotech-

nics, 2017(81) ; 294-306.

[3] FBmEm. CTHESITRMILEEE[T]. DA TR,

2005, 38(9) : 99-102.



55 4 3 VR, 45 BT s iR BT e AR 2 T 319

(4] WBsE, BAE], J/ME, 45 Soh Sk g SR 1]. f TRAR, 2010, 32(S2) : 187-191.

[5] BRIRE, 20l Rz, . JUrP GO ST E S5 ACH AR R REUE T[], & £ TR, 2008, 30(S1) :
59-61.

(6] totf, ARIE, THiAr. SUhIi LB NI [J]. a7, 2016, 11: 3270-3274.

[7] ZIENKIEWICZ O C, HUMPHESON C, LEWIS R W. Associated and nonassociated viscoplasticity in soil mechanics[ ] ].
Géotechnique, 1975, 25(4) : 671-689.

[ 8] UGAI K. A method of calculation of total factor of safety of slopes by elastoplastic FEM[ J]. Soils and Foundations, 1989,
29(2): 190-195.

[9] CAIF, UGAI K, HAHIWARA T. Base stability of circular excavations in soft clay[ J]. Journal of Geotechnical & Geoenvir-
onmental Engineering, 2002, 128(8) : 702-706.

[10] GOH ATC. Basal heave stability of supported circular excavations[ J]. Tunnelling and Underground Space Technology,
2017, 61 145-149.

(RERE: KE)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

2T %5 7 7= AR

— KA CER(PEFRAAR (LE)) BT R EARRAE ALK T 7 E
A A PR 8] | E R Y5 F R TR 8] AL TR A AT BB R KR A TR T A
8] S48 A R F) FAEACP 89 B F AL S AR A AL BRI AR B F AR B B KR ATAR
15 8 W SBAEFEAREE

= JUs AR AGH A4 R 06, AL A I AR R e T AR E A S SLAE F
P R T M T BRI LR RAT, AFIAT AR 69 R B b & L2 A B AR AR 3]
R AZATIREN , R 7 AT HALAZ B

= AT STET A R AR BOR & T | F A AT R R, I R ALAEAT A
MM RAAN AT A, mtEE B T ES ZHMmBLME, 5SRALE,

vg EEE—FG S, el TAEH R B R — AT R B P 6 A R K 4 AR
TAEF AR K, KPR G 18 TAFF R AR TR AA]

B NEH M B BAGN AT L REANRE AR W3S, T AEENBE LR F RS
A% % % (http://gexyxb.fjut.edu.cn/) B FTARE TR FRRFRE M (https://
www.fjut.edu.cn/) . FE AT A FIRAL” HN,

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
.........................................






