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Basal heave stability analysis of pit-in-pit braced excavations in clay
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Abstract: For pit-in-pit excavated in the bottom of outer pit, the failure mechanism of basal heave is more
complicated than normal pit. Finite element method based on the reduced shear strength technique is used to
evaluate the basal heave stability of pit-in-pit excavations. The influence of spacing between inner and outer pit,
width and depth of inner pit, depth of inner and outer wall insertion, undrained shear strength of clay on the failure
modes and factor of safety is analyzed. In conclusion, there are three kinds of failure modes of pit-in-pit excavation;
entire failure of inner and outer pit (M1), entire failure of inner and outer pit (M2), failure of outer braced pit (M3).
The critical value of parameters is determined for the change of different failure modes. The basal stability of pit-in-pit
excavations will increase with the spacing between inner and outer pit, The depth of inner and outer wall insertion, and the

undrained shear strength of clay. Nevertheless it will decrease with the increase of width and depth of inner pit.

Key words: pit-in-pit; basal heave stability; shear strength reduction technique; finite element method
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Fig. 1 Profile of pit-in-pit excavation
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Fig. 2 Soil parameters obtained from pit-in-pit excavation
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Tab. 1 Physical and mechanical parameters of foundation soil

+)Z i+ w4t
HEK St AHEK Hesk
JEBE b, /m 40 10

H|LBiRE £/ /MPa 10~34 21. 96

EIEME £ /MPa 30~102 65. 88

Wy /kN - m? 18.5 18.9
Fi® 1 ¢ /kPa - 7
WEEEM o /° 0.1 34.5

AHERPUBTIHREE S, /kPa 20~68 —
Bk R b, /m - d 1.50X107% 1. 70X 10~*
WEmBERE k, /m - d7! 2.00X10 % 2.20X10 *

2% W% F1 P /kPa 100 100

AL v 0. 495 0.2
W BE R F3 K P84/ m 1.0 0.5

T LRAHOK R ESHON S, 7R, HOKRFMA ¢ — ¢ #R.

BUBl P R NTREE d =5 m. NAMNILE RS S 4
P HE M 1) 58 BE AT R B Riee = 0. 8. APEEH
M & T B Re bR R 2 B, BN T KB
TR B, 8 AN A LAY R oKk,
H A B R P9 8 A s K R, AR AR R R
BREBROR, ZEBMEEKL -1 m, £REH
RN R HE KDL, FERDIYUR —0. 5 m B8 — 1%
KIZ, BERISEHUIFIZATHLN B K .

B R o N T VA i X 2 RV R 10787 N
AR AE A AS ) 0, it T3 A 56 SR FH o8 998 4 43 A7
FEGUTFAZ 0 25 AN 5 PR BEAT AL, i 44 4 7 B T
RARHA 6019 A5, BT 4 000, FFHE5E L
Jo TR T T, BT AROR A R BR T,
HoEEE 10 000, R OptumG2 1) R B i W
Ae, MAMRITH T B R T R, MR E &N
A 523 B ob 0 R DX s 0 R A it
AR, WIS B IS R AR RO BT DI RE R, BE
173 A ERER, HARBRUE R mE 3 Fr.

. 200 m i

50 m

B4 BEMMEE

Fig. 4 Adaptive mesh of numerical model
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Tab. 2 Physical and mechanical parameters of structural elements
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Tab.3 Mian construction stages and modeling activitives
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Fig. 5 Deformation on the basal of excavation



KXer, S BEF TP IUR U N SRS R R E S T 509

x4 ERETSVHESHEE

Tab. 4 Values of dimensionless parameters in FEM
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Fig. 6 Shear strain diagram of pit-in-pit excavation under

different spacing between inner and outer pit

1.50

— h/B=0.04
1.45 Fhes ——h/B=0.06
1.40 N — h/B=0.08
s T ~—h/B=0.10_,
Py o H //a______?-!fn__——n

£1.25 P v

1.20 P [ \\
o AT P

1.15 L I e

1.10
1.05
1.00 - - L

0.20 0.25 0.30 0.35 0.40
w/B

0.10 0.15

B7 FAEFEEETHREERER2RHY
Fig. 7 FS under different spacing



510 o o# oS OB HOk

¥ MERPHEM) 852

2.2 AMEENZN

&l 8 Sy A~ Il iy PN T T8 2 5 BE A 9 A R T 40 BT 1%
FIR BT YR AR [, W] DL & B i P A B 6 TE
B/ANW < W, ), Bid A m R =
AT R A RS B IR (ML) 25078 N BTG B8 AN 2
FEO IR AR, H S 5 SR SICIR BT Y18 IR
I EFREY T A4S K. M N BT TE B/, BT DI IR
REFENBIYUEM M B AN T HYIOUH, FE&E
WHLSEEY K &A% E).  H 2 W YU vE 1 oK 2]
—EMEE(H/B > 0.20), HNITHURK R SNE
AR, BT U1 TS YR B sk, gk
LG K N DL V8 A 256 BT DI I 18 77 AR 5

B 9 AR F & 58 B T i BB DL PR i
o R REMENYIREZ L thZ. FS 5N
DR A G, FEENIIEENE K, #2F
Bewoh, EETRE. M¥%EE 6/B=0.20 5t
FERLfa s L RERFEAZS, B T i 732 1 1
R, HATREZRR LR BIZE, AN
DUvi R, BARBTUInE N A & & AR, Xbud
BULE AR PURE L A2 R T Al TE HH f %2 )

fil TR A I
5 . 4 .
\ i s I0.0SZ
R v -0.103
-0.155

-0.206
-0.258

(a)h/B=0.12 M1 | (b)b/B=0.20

(¢)b/B=0.28

M1 |} (d)b/B=0.36

8 ARMMEETHYIMER
Fig. 8 Shear strain diagram of pit-in-pit excavation under

different width of inner pit
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under different depth of inner wall insertion
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