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Field tests on soft soil with confined underground water by vacuum-surcharge
preloading
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(1. Architectural Design and Research Institute of Zhejiang University, Hangzhou, 310012, China; 2. Institute of Geotechnical Engineering,
Zhejiang University, Hangzhou 310027, China; 3. Zhejiang Provincial Electric Power Design Institute, Hangzhou 310007, China)
Abstract: Soft clay deposits with confined underground water were strengthened by vacuum-surcharge. Technology of the
tearing membrane combined with the non-tearing membrane was introduced. The details of settlements, multi-point settlements
and deep horizontal displacements were presented and analyzed for the field tests on Gangwan substation. It was shown that the
main settlements could be eliminated effectively by vacuum-surcharge preloading at soft foundation with confined underground
water, the average degree of consolidation of soft soil was 83% which would last for more than 100 years. The shear strength
and bearing capacity of silt would increase obviously after preloading as indicated by indoor and outdoor comparison tests.
Viewed from the flow of single pump and the compression of stratum with confined underground water, the lower confined
underground water was not influenced by vacuum loading. The success of this technology would promote greatly the
application of vacuum-surcharge preloading.

Key words: vacuum-surcharge preloading; confined underground water; field test; reinforcing result

4725 H A T b,
Wi%%m%hu;x

Mﬁ;&
DASTUN R R AT AE P

mﬂ

Al
SRR TR R A S e — R s

ek ) 9

(oAb E MY, LR T USRI b A T G 1) H%L@mMﬂﬁm&MEﬁm%ﬁM%mwh%%
A ‘q;;k GRS . MU, ol g IOMERRCTIUR IR BARIEOM, (HITHHG, TS TIREIR;
2 &’fﬁll. N R B b Ech g R sy HAMIE T, TRUIRRMAL SRR, (HAE
4, }X,L;Hﬂ—ﬂm&@gr%ggmmlﬂ e FEAEG . ACRAMERER, WS A S, W

[X 11 220 kV #5785 A8 H1 BT R4 il 56101 H e oh 51 i,
h AR AR E T R AR AN I A T I A ST A A i 1)
RSRAE T — PRI I A BE 5 ¥

i B EL. 2006 -02-27
=R



790 H o+ OB % M 2007 4
=1 R LRI H F R
Table 1 Physical and mechanical properties of soils
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Fig. 1 Layout of monitoring in vacuum-surcharge preloading
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Fig. 2 Variation of load and surface settlement with time
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Fig. 3 Contour of surface settlement at the moment of unloading
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Fig. 5 Lateral displacements of soil inside and outside release
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Fig. 6 Lateral displacements of soil inside and outside mixed piles

COITUAS TR 5 RS A A 1) 22 ] 3= SR A A 3
KT 6m, HEAMIE K WA AR 173,
WP BE 1) B 28 O 1 Y EO AR ]

C2OHER G FEFFRE A0 7KF-7 7% 4k 8 5 In 5] XA
i€, CX6 g NACPAIAZFEIL 200 mm, iy 4l ) 7K -F
AN e AT S BEFERE N A 6 m LU 44k
TGAEERELDN, I KACEALRAL A 6 mm;  ToBE & bE
ARG AL INBR AT R (LK 5), &
WK e A A AR 00T W

(3) B3 TS B BEBEE Y 7 B IB0A wT KR/ i
[ DX A AR AL < ¥ 3B K AL O 60 mm,
SO BEFERE A RLRE 16 37105 Y AMI I K K-
B 25 mm, AHESMUAKTAIES T 3/8, Btk iRk
{000 i) 2 TSI ) R TG A T B B K Y A

CADHER S N SRR B 8 A 1) S35 H 5 A W]
W FEFLAHRA HER UL TR, R e e
sk AP 7 ) R I



455 Gr/NHE, 2 P R KR O TR HE BT I R 5 A 5% 793
3.4 MERXHKE AN XN s A, L9 (a) aJ LG H,
I Sl KR W, TS R K 2 B A ] i T BY 5 A A I ] DX e AR

IPEA5 MEARR PO 16 H KR AR T A . 1 7 24 2005 4F 5
H 9 HZA 2006 4 1 1 15 HIT 8 AN F s 1) Py i ] X
KR AR . B 7 AT %n, S as I KR
B, MK E—AE 1000 m*/d UL F, BEAFHELA
I ) 184 o K A SRR . SHEL ST TR AR
T 5 G L E VB Y 1D o 4 R s g 5 AR S B Ko
HAT =R F s, RIS R R g s &
e #Nm#?wAﬁﬁﬁmoﬁmﬁwﬁmﬂm,
mmui WA BT, BGGER N . fE R

5 HE 4 T ‘|\Jr|§w;u| VKRR N B BB R e, e
200 m*/d iy, A KRS 10 md, KRN TG
P HEATE Sk B ISR A i B0 25 B £ A 3 TS 1) B mmﬁ
8 20 m*d CREWLSCHR 9) fUbRT WL, AUKILASI:
T I A B A s K R

2700 4

m_
o~ 2100 H
= 1800 H
E 1500
ﬁ 1200 H
# 900H

0

05—0906—08 0‘?—0& 03—0‘? 09—06 10—06 11-05 12-05 01-04 02-03
Wt H W

E 7 mEXE KRR E

Fig. 7 Variation of total water flux in treating zone
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Table 2 Physical and mechanical properties of silt before and after
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Fig. 8 CPT before and after soil treatment

BV L/ kPa
0 S0 100 150

B m

2%

(b) &AM

B9 mERR+FMEE. FKEEHE
Fig. 9 Vane strength and water content before and after soil

improvement



794 o

+ T

L 2007 4

4 2 IE

CU) BT, 7% e T RS P34 [ 45 B 0 n [ [X
[ 25 15 Ky 80% ¥t 223Rk, “F¥ TS pibedse A, wI
FLAR A HE TS REAT 280 VA% Fi BT A T T B A
ANEE S A5 AL )

(2) 3 )i b M e SR B, e R I B K T
HIpRE, b 2~9 m IRV R RGOk, 4 2
BRIZ LT 8 i it,  FENZUIRE RN

(3D TLAZ IR 5 6 (1) Al 17 A% ) = 2 A= A1
F K 6m, HEAMIE K AT A 1/3,
TN S BEFERE A 6 m LLF L ARAE T A # N 5
TC B B A AL A B AR NS R AR W B, &
W7 5 FF A F 2422 25 A I

(4) HERRJE RO T 5 A4 ) S R
8, U R P R N R I -

(ST e - AA T g FEE R0 55 7K 22 F) o /D 2 EE DA
KEN MR R Sy b s 35 130 2> M i o i
SLAS IR A HE BT 1) 2% (RO, o 3 1 e s [65] DX JE 35
TR AT RNARAN, R WRCHER )2 1 [ AR 2 HE K
TR [ & .

(6) MIPZE /KA R R K2 (6 PR 4 iR e, A
KBS HERR U I E R Bl AR oK b2 . 5 RS
LM S BRI B 2 v AT R G s B
AR BT DRSS ) ARG L B B, B
IR A HE AT ] LA S8 32 i Bk L Ry 2k 2 0y,
RS S i e

B35 3Rk -

(1] % ¢ SUSHEK T 2 B R H AR M), dest: NRAE
i WA, 2002, (LOU Yan. Technique of vacuum drainage
preloading[M]. Beijing: China Communications Press, 2002.
(in Chinese))

(2] falRam, /g, ThE . BT I HER T A R AL
W s e (D). ANBRCGGYE, 2001, 32(4): 22 - 24. (FAN
Zhi-giang, LIU Xiao-feng, MA Jian-hong. Soft foundation of
shenzhen  airport

preloading[J]. Yangtze River, 2001, 32(4): 22 - 24. (in

improved by  vacuum-surcharge

Chinese))

[31 BEHITC. TLASHN A HE A T V2 0 24 5 A0 [ e £y 1
JIL HRASE 2 B 24k, 2003, 22(2): 80 - 84. (HUANG
Zhi-yuan. Application of vacuum-surcharge preloading in
soft ground of expressway[J]. Journal of
Jiaotong Institute, 2003, 22(2): 80 - 84. (in Chinese))

(4] ARE A, BR22z, JRmEM. @559 B Sk ORI A
e 310 0 BB B T ). A A S TR AR
2005,24(12): 2160 - 2165. (ZHU Jian-cai, CHEN Lan-yun,

Chongging

GONG Xiao-nan. Testing study on reinforcing soft
foundation of highway bridge-head by vacuum combined
with surcharge preloading[J]. Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(12): 2160 - 2165. (in
Chinese))

[S] M A-FE, PORT, BB, IO UL b B L BT 3 M
L] WRIC AL, 2002, 2: 24 - 25. (FENG Ren-xiang,
HUANG Da-yu, MAO Zhi-xing. Soft foundation of
transformer substations improved by vacuum preloading[J].
Zhejiang Jianzhu, 2002, 2: 24 - 25. (in Chinese))

(6] FIWIAL, 5K4MI. CFG HEM S HUAERAR S TR S M), b
U P ERA K R AL, 2001, (YAN Ming-li, ZHANG
Dong-gang. Technique and practice of composite foundation
of CFG piles[M]. Beijing: Chinese Water Power Press,
2001 .(in Chinese))

(7] FEmer. HUBEAL PR HOR[M]. P42 BRPGRZ:HOR R,
1997. (GONG Xiao-nan. New technique of soil treatment[M].
Xi’an: Shangxi Science Pess, 1997. (in Chinese))

(8] B, T 500 kV K72, [ A REAIY STk B A
e 8T [3]. WP HL 3, 2005, 3: 52 - 54. (MAO Zhi-xing.
Analysis on unbalanced sedimentation of 500 kV Hemu and
Tianyi transformer substations in Ningbo[J]. Zhejiang
Electric Power, 2005, 3: 52 - 54. (in Chinese))

(9] RHEA . TCASI A HE BT I [ L HLIT S T 250 5 (D).
Bu: #PiT K%, 2004, (ZHU Jian-cai. Mechanism and
technology of vacuum combined with surcharge

preloading[D]. Hangzhou: Zhejiang University, 2004. (in

Chinese))





