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MODEL TEST RESEARCH ON JUDGMENT METHOD
OF WATER GUSHING IN PIT

ZHOU Jian, ZHANG Gang, HU Zhanfei
(Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China)

Abstract: Combined with water gushing in pit, the laboratory model test research is carried out. By comparison
between the parameters before and after the test, the development regulation of physico-mechanical parameters of
the substratum of pit is found. The cohesion and modulus of compression of the substratum are deeply reduced
after water gushing in pit, but the internal friction angle of the substratum doesn’t change. According to the results
of the test, when the head pressure of confined aquifer is equal to the earth pressure of the super stratum, the
gushing in pit doesn’t occur. So this paper points out the disadvantages of pressure balance method, traditional
judgment method of water gushing in pit. Based on the theoretical analysis of the test results, considering the
cohesion force component of the shear strength, the judgment method of gushing in pit is quantified for the first
time and is compared with engineering practice. The results show that the traditional judgment method of water
gushing in pit is overestimated when it is used to design the pit in soft soil.

Key words: soil mechanics; water gushing in pit; model test; critical head; judgment method of water gushing
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Table 1 Physico-mechanical properties of soil layers

. . BYE Witk BIERK HUSH RERE R
+TE St Bk B LBALL B YRR P E
S _ a- .
By i w/% plkg+cm ) e Wi Wy H H K, Ki ¢ ® 1 27] 12
L o j107emes") /10 Tem-s’!) /kPa /) /MPa /MPa
WRmE REET 52.0 1.71 1.59 457 240 216 151 1.18 2.7 13 12 1.33 2.01
Bt wmE 525 171 162 455 242 218 15 1.19 26 71 118 1.09

Bl 1 EGTIROKBIR (BT m LI 5 mm (YRR TSR K)
Fig.1 Failure of water gushing in pit(dense mud fluid with

a gushing height of 5 mm)

MR 5 4K 2 I S 3 2558 7 T
BEIRET o 2 B RE AR ANAR, (HE,
2 ARG, BRI (1) HE 0.5m
DL F e A b 2 R g il L BENBE D P A
BRI T 42 kPa, JREDREET 44.21%. (2) PiBY5A
ESH—FE R 1/ T 6 kPa, JNEIR/NT
46.15%; WPEEES(@)B/NT 1°, JRENBNT 7.69%.
(3) E4i & (a, ) FF%T 0.15 MPa ', JREIRRE T
11.28%, RAFBIE(E,-,) FFET 0.92 MPa, JREIF
Fe 7 45.77%. 1 F3RAE B AT, SEHTSOKmIE#3
WA R R AR ik gt B R, LT PRIREE
Ik 46.15%, 45.77%.

A R R AT . e X (LR 2) T 4,
FEYUGKHT TG 5258 ma AR e B 3 A SR T
W N R, ARy R R LR
0.5 m( IR Ye JZ2 SR BER) 50%) LA ) 44
4.2 EWSKMIRES

AR T HAKAE 27 kPa IN R AEDIN . 58 AR
TR0 AN ] 2 G 1) 52 B AT e, AR ) 2

22 IR R
Table 2 Results of cone penetration test
/M RBHT Pa/kPa IRBLS Po/kPa APy/kPa
0.1 85 40 45
0.2 90 45 45
0.3 95 55 40
0.4 100 60 40
0.5 105 65 40
0.6 110 85 25
0.7 115 105 10
0.8 190 180 10
0.9 290 285 5
1.0 1910 1905 5
1.1 3035 3030 5

E: APg=Py - Py

EWAEISr . FRHER0 R T e R SR T AR T 1) it 25
OO, FEREIR A, 3 A I AR T B ]
(WARTE, e I A LA i 55, Fr LAUCKAE 27
kPa B RABIR M T2 4. LB IETE
IKVE SR R 3 P A 7 A W B 5K il i, BT 7
FE KK S He R B85 18 ki 2 1) Ay T A
JER I G (D) A TS KR . AR IR K 2
XPEMS S H, =yM/y, = 17.1x1/10 = 1.71(m)
IKERAE,  BIMR s 5 7K E 7K Sk F ) AE (U AR5 1K
/N 18 kPa) 5 AR 4 2 B AT REARSE IS,
RN . TS br b AIFRE AL S . A
R SRR ) 558K R A 2R 7~10
kPa, LEiTEAEK 41%~58%. AR FAHK] “IK
DIV W - M BE BT 58K r) AR AN B
PR RS AKIZRKKRET) p 5 BER L ZBALR
MAEES N o, 2 WA TR I B, BEHSHEEET.
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Table 3 Ratio(4) between head pressure of confined
aquifer(p) and self-weight stress of upper soft

soil layer(o,)

BB RN
N i .
. HREMAEER  A=plo, FE
Sk J3 p/kPa
Ji0, /kPa
13 0.76
16 0.94
18 1.05
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17.1
20 1.17
22 1.29
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24 1.40 -
Pt I 8 3 K
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Table 4 Case analysis of the judgement method of water blow-up of pit considering cohesion of the shear strength of substratum

@® RLH K% 6.0 19.0 76 1.7 4.5 6.27 1 m
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@ JEFRHMEE 34 19.0 48 0.7 35 o 3.25 & P
® HulsiEi s 6.2 19.9 67 1.4 5.0 5.5 i i
® e apEa| 6.1 Fit 19.4 70 33 8.7 9.2 1 i
WA ERIFRA T, IF% BRI R PAFLL T JLAUSR

BRAELUR EIREEGT TR K ARG TR N 5, Xt
KEFE TRl — AL g, B

H, . =p(yM+04c)/y, (6)

A pAE AT DURSE T TR RN SR )2
UL R A B A R = e, BRI B =
0.7~0.9, MM THEFMNLEREK=1.1~14,

2 R B IE YU 12 1R B2 PR [ 45 PR 2%
F (6 — B

n zdici
H,, =p|>dy +04=——

i1 Z di
i=l

e d WEGURESE | 2R MER: p N
JERHRER @ )2 RIS, SR N, O
[ R o WIEGURIRH | )2 LR MRE T,
R I FE s, O R R R

Pk, SRR LR YUY AR R R ) 7 R
IR FIWIER: MH <H, B, A4
R HH >H W, BERERGRK.

X R BAT ORI TR OB 25 2 TR 3L
wie B4, HHETERILGU LRSI, RH 1
[P |TE S e N LI TP T I R 7SS A = £ X ]
TR AT REVR B T —H8 0 W D3 A 735 i g — D5 i X
SN A IR A SE AR .

it

Y (7

K
b

6 4

AT R ST K ) A ARS8 HEA T 70

(1) FEHURZKBIA T 2 G SR — & Y5
PRS2 RO 88 5 A s i R Rl P2 o, T
PR S (R A AR IR BN o

(2) & KR A A (AR 5 1K
/N3 18 kPa)ty b7 R A IR FCRARSE N, 1
PRIFABIR . X S ARG ISR I ikA5 HH )
g e AR, FEJRINAE LSRN VAR % 1S
BCERSREERE W, AMESER) “ I PERE” 1)
TR L LRI G SR K ) AU i 1Ok ST o

(3) MR 6 11 45 R S L I - R Y iR L
BTy B TR ARG UR AR vk, B
HILGTIROK I FIWT %, 5 TR SR T TS E .
LR, ASCHE IR LU SRACHI W2 BT K
THEEU SRR DL o

& Z ik (References):

KM, XI<T0, AR, FEGUITIZS TR A AR ) 2R AR AL

ORI A4 %S TR, 2000, 19(1): 112 - 116.(Liu

(1]

Guobin, Liu Jinyuan, Xu Quanging. Testing study on variation of
mechanical characteristics of soil due to excavation.[J]. Chinese
Journal of Rock Mechanics and Engineering, 2000, 19(1): 112 -
116.(in Chinese))

FHEM, EEE, L. B OB BRSO TR MM B s

R[], KRIKIERHEREST, 2000, (4): 69 - 72.(Li Jinglin, Wang

[2]

Jianping, Xu Guangming. A new method for simulation of excavation
in centrifugal model test[J]. Journal of Nanjing Hydraulic Research
Institute, 2000, (4): 69 - 72.(in Chinese))

213

[3] %, FEGUTRERIK LR ODIRGSIET]. A0 )12 5 TREEAR,



* 2120 -

HA D1 TRER

2006 4F

(4]

[3]

(6]

(7

2001, 20(1): 134 - 135.(Yao Qin. Earth pressure calculation
considering soil-water jointly of excavation[J]. Chinese Journal of
Rock Mechanics and Engineering, 2001, 20(1): 134 - 135.(in
Chinese))

b, WA, PRV L REESUTZ M B AGREO 5]
A, 2000, (1 2): 63 - 65.(Xu Shaoman, Li Shuhua, Chen
Xiaoxian. Study of model tests for multilayer deep excavation[J].
Fujian Architecture and Construction, 2000, (Supp.2): 63 - 65.(in
Chinese))

MNEEA, WOBT T BCEREETUTZ A R oT A 0], @ g
R, 1999, 20(4): 59 - 63.(Ying Hongwei, Xie Xinyu. Finite element
analysis of deep excavation in soft soil[J]. Journal of Building
Structures, 1999, 20(4): 59 - 63.(in Chinese))

M, AU, G L BN b B SR RS D] K
FoK iz RE2AWFS, 2000, (1): 54 - 57.(Liu Guangsheng, Zhao
Weibing. Effect of seepage on shear strength of silt soil in foundation
excavation[J]. Journal of Nanjing Hydraulic Research Institute, 2000,
(1): 54 - 57.(in Chinese))

B KL MR AR RIS R R I AT 9 R Y [
AL ) [D]. i FIBF K24, 2002.(Hu Zhanfei. Test research on
the mechanic character of soft soil during deep excavations

considering the effect of underground water and engineering

practice[Ph. D. Thesis][D]. Shanghai: Tongji University, 2002.(in

(8]

]

[10]

(1]
[12]

[13]

Chinese))

ELUIRE, W, R DREBGHE LM, Jbat: Th @SR
Mk H A, 1999, 179 - 230.(Xia Mingyao, Zeng Jinlun. Manual of
Design and Construction for Underground Engineering[M]. Beijing:
China Architecture and Building Press, 1999. 179 - 230.(in Chinese))
BURR A WL B ROR B R R A TE T[]
T A TAESAAR, 2005, 1(4): 638 - 641.(Hu Zhanfei, Zhang
Gang, Zhou Jian. Research on deformation behavior of substratum at
water blow-up of the pit[J]. Chinese Journal of Underground Space
and Engineering, 2005, 1(4): 638 - 641.(in Chinese))

TRIRIT. B8 124 M]. bt PIEZRADK B L, 2000. 1 -
74.(Shen Zhujiang. Theoretical Soil Mechanics[M]. Beijing: China
Water Power Press, 2000. 1 - 74.(in Chinese))

Hermann F H. Thixotropy[M]. Paris: [s.n.], 1935.

FIRTR, HAR. B TONIRI AR KR R B L AT
E[0). g, 2001, (1): 38 - 42.(Hu Zhanfei, Fu Yanrong.
Experimental study of the shear strength of soft soil with different
initial water contents[J]. Shanghai Geology, 2001, (1): 38 - 42.(in
Chinese))

FHR. FIBHEG A T). AL LR, 1996, 18(1):
75 - 79.(Liang Yongran. Analysis of gush of strip foundation pit[J].
Chinese Journal of Geotechnical Engineering, 1996, 18(1): 75 - 79.(in

Chinese))



