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Experimental study on permeability properties of soft clay in process of
pumping and recharge

ZHANG Yang-qing, RAN An-li, WU Chao-jun, CHEN Jin-jian, WANG Jian-hua
(Department of Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: For controlling the settlement caused by dewatering of deep foundation pits, the method of recharging is usually
adopted. But the permeability coefficient of soft clay may change along with the variation of void ratio during the pumping and
recharge, and it will affect the results of recharging and deformation characteristics of soils. For studying the permeability
characteristics of Shanghai typical soft clay under the effect of pumping and recharge, the pumping and recharge tests were
carried out on the soft clay by using the GDS triaxial apparatus. During the tests, the soil stress level is controlled by setting the
radial pressure and initial pore pressure. Meanwhile, the process of pumping and recharge is simulated by changing the back
pressure. The void ratio and permeability coefficient are obtained by dealing with the experimental results and data. The study
shows that the permeability coefficient has a nonlinear relationship and a decreasing trend along with the decrease of void ratio
during the pumping. During the recharge, with the increase in void ratio, the permeability coefficient has a decreasing trend due
to the blockage effect and is smaller than that at the pumping stage. Meanwhile, the nonlinear relationship between permeability
coefficient and void ratio can be fitted using the function of e - 1gk.

Key words: soft clay; pumping and recharge; simulation test; void ratio; permeability; blockage effect

0 35l

FEM B P KA B s 5 7K 2 PR R S s 1A T
DRILGUME TN, 38 7500 T /KR4 T B /K o s e T
O 7 ) R AR T o AR 7R P 7K ok P 1 o5 762 ) o D = A
YU, ORI ) TR YT R K IR
FERE KM R, EARA B ) 2 i R A2 A
e, AITSEI 2 KRB S 2R« A Rt A 13
WA JZB R IR S BT, AL
WAERE IR [REAE T BB A R

XEF L RBIE R K B R R AL LG
A IR MR IO TS 0L, [E NS CATIRZ

jillf3

W RIS IR A GDS [ 45 SO0 L & R
FEBEAT T — W40 E a5, St & Hi2iE kb
] 255 B e ARV D, R R T 4 Mk
L MEBE R VS 5. TRV GDS #1454
XGRS WA e HEAT [ 45538 0, 1R TG
TRBA S S K KA T AR 2k [ 25 R E (B 4>
W25 R4S FLIR B 2 18] 1R R B AR 2 1503 G
Fo WFTIRMEXT HAIBIE BB W, SRS (SR

E&WE: BRARBFIESIH (41330633): [H R 3 AT

MBI 2R H  (201311045-03)
Wi EE: 2015-03-26



22 a5 oE L OB ¥

2015 4F

M AEFEE TR IRS, BEHUN TR R 5 K2 ) 2
BEIERTRE . kIR0 PR R SR T R K T
BEXSFE I AL b ZER S KA BB IE R B . Lo
EsGIFIWNE &= Rl i b U Sl A B R S
BT, S AR s [RIRE I A A1 T 1 LA
BHFIERIEST .

ASCRM GDS =Bl (SO0 il SR g 13k
1T 7 W B IS T RE AU, ISR A B e ]
BEAE T T 103538 MR TAFE -

1 RRFREEAZX
1.1 REFRESE&

K GDS Rl S AT 4 R R E 2 Y ABE ARk
5o B A =R R o e I e R
PRI G EINETS/ < 2wt = o Ay ) o P A E D R A
T ARN LB g, T A ALK B RIS
VETI &2 Sl Y Wi N R Y IR < N E P i
BRI ST, N2 AT R B e [
R ALBRLE 7318 REE S H R

TR I AL BRI s ) IR R SRARE R, [R)
w%ﬁﬁm% WAL, IEAP, ElE%WLﬁtLﬁ

$ET 0B A SR TR I SRR NAL A, T8
TﬁﬂﬁmﬁﬂmmfiﬁémfiTuﬁﬁ&ﬁ@
W EREARRANAR, I SRR THG B R Y AR AH LER
IR LS E -
UER,

- ALEWER
B 1 =Z#iElite rEE
Fig. 1 Sketch of traixial tests
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Table 1 Pressure setting
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Fig. 2 Variation of pressure of samples during tests
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Fig. 3 Variation of void ratio with time
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Table 2 Permeability test results of soil samples 1 and 2

RS % KA 1 RFE 2
/kPa m e ,k _ e ,k _
s /(10°ms ™) /(10°ms ™)
380—360 [& 1.177 5.812 1.161 5.929
360—340 ﬁi 1.142 5.576 1.128 5.874
340—320 1.107 2.428 1.113 4.974
320—300 1.083 1.958 1.099 4.739
300280 [%  1.065 1.749 1.068 1.922
280—260 JE 1.048 1.583 1.055 1.750
260240 o 1.033 1.479 1.045 1.535
240220 1.019 1.435 1.036 1.445
220—200 1.177 — 1.025 1.492
200220 1.018 1.101 1.021 1.052
220240 1.022 1.054 1.023 0.893

[l
240—260 @£ 1.025 0.917 1.026 0.804
260—280 1 1.027 0.800 1.028 0.752
280—300 1.029 0.714 — —
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Fig. 4 e - 1gk permeability relationship during pumping
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Fig. 5 e - 1gk permeability relationship during recharge
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Table 3 Comparison of compressibility indices

ZH WA 1 A 2 TIME
E4RTEEL C, 0.267 0.263 0.265
[FlFFE %0 C, 0.057 0.052 0.0545

1.25

—a— KPE1GDSIAB HIZR

1.20-- —e— REE2GDSIKIR HIZE

1.15+-

1.10

1.05

1.00

0.95

1 2 3
g (P/kPa)

& 6 e-lgP HZE
Fig. 6 Curves of e - 1gP
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