39 2 Vol.39 No.2
2011 3 Journal of Hohai University Natural Sciences Mar. 2011
DOI 10.3876/j.1ssn.1000-1980.2011.02.010
210098
Terzaghi Esrig
u6ss A 1000-1980 2011 02-0169-07
20
80 !
2 .
3 a
. b
C
45
Esrig © Shang 7%
Terzaghi
Esrig
1
1
- +
H L L
2010-03-03
863 2007AA11Z115 BK2009344

1984 —

. E-mail xuweil98410@ hhu. edu. cn



170 39
) : pRR
. /M!\ﬁ_//‘
d
e
1 y
x
Uy +
Uy Uy
Uy .
x=0 =0 x=1L
o =Uy c 1
4] Fig. 1 Schematic of drainage by means of vacuum
U, preloading combined with electro-osmosis
g x = 1
Uy /L
a  Terzaghi
divg = mv% 2
qg—— m/s u kPa t—— s my——
kPa~!
c
q = ki + ki, 3
k— m's i k—— m’/ sV i,
V/m.
3
ky ¢ ¢
0=t Sk 5Eg
0 4
_ ke du 0
D= pee 9y U
ky k—— m/s p,—— t/m’. 2
c 2 2 2 .
divq—;(ix %:£%+ e%%+pﬁ"g§yl§=mvg‘ 5
E—u+kel{::gg0=u+k7:%g%x=u+mx 6
Sfeo kPa/m
6 5
€ PE o PE_kk P kepug dg
o1 = Grgat Gy T k91 !
E— kPa C) C, m’/s
1 7 2 7
2 2
% = Cy 37"2 + C, giygz 8



2 171
1 Py
E0yt =-Py 9
&
Ix L y t = 0 10
E x 01 =- PO + JeoX 11
? x Ht =0 12
gy
u=0
Ex vy 0 = fox 13
8
$ A [ <& , 2f 0
Exyt = ZSiHEY{Z Qi = B € ' + B sm%x—j;—'} Py + feox 14
n=1 m=1 n
2 2
Hm An 4P0 4feoL 1 4fe0LC A 1
Cwm = C,—> +C, 5 = -1 7—1"”r
mn h LZ + v H2 mAn #m . IBWIU Cmn}"mHz
2m -1
MUm = 5 T =123
2n -1 _
A, = T, o« =123
& ux yt 6
ux yt Ex vyt — feox 15
1
1.01 x 10°Pa 1074~ 10"%m®/ s V
pH 10
k 1078 ~ 10" "“m/s 36V L Im H
0
2
£
2 =50
14 15 1 R
'ﬂ
: T -100
Py=80kPa k,=5x10""m*/ s V k,=2x
10°m/s C,=8x 10 m/s C,=4x10 /s L=1.0m H= 5 -1
2.0m Uy =8V p,=1.0kg/m’. 200 . . .
2 0 50 100 150 200 250
"
A x=0.5m y=1Im e
2 2 x=0.5m y=1m A
- P, Fig. 2 Development of excess pore water pressure
at central point A in consolidated area
x=0.5m y=1m
3 7d  21d y=1m B
x/L=0 x/L=1



172 39

11

0r 0
T
5; -20 | O? -20
2 ol R .
ﬁ 40 ] ij 40
N m =
& -60 i & 60
= 5 = Bt g
b B VS EROT z
mo-so [ s B -80
-100 a ' ' ' ' -100
0 02 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
x/L x/L
(@ r=7d (b) £=21d
3 y=1m x/L
Fig. 3 Relationship between excess pore water pressure and x/L y=1m
3
a
7
A" =—-u x y ¢ 16
G,
o = oy + Ad’ 17
60,
w o' e-p
e = w6, G, 17
w-o’
3.1 50 r
45
2 1:2 o 40}
. 24 h £ 35|
w=46.4% k=2.4x10"m/s C,=3.5x10"% m*/s 30|
ke=6x10""m*/ s V 10, 25 .
4 , 0 20 40 60 80
w-o o' /kPa
w = — 4.454Ing’ + 48.975 18 4
32 Fig. 4 Relationship between water
' content and effective stress
5 . pPVC
20cm 20 cm 25 cm. SHB-II
180 W 10 L/min. 7K-270 . PS-305D

0~30V 0~10A



173

2
wWHhe  wE RO
¥ e
il = B E —
+ +
FAeF R z
5
I
HER R
| 20¢cm
I 1
(a) LRI R ] (b) B sy PR Ay
5
Fig. 5 Layout of model tests of vacuum preloading combined with electro-osmosis
a. 1cm 20 cm
10 cm
1.5 mm 5 mm 0.5 mm
b. 20 cm. 2
2
c 2
d. =5V 36 kPa
1d
e. 5a
6 a
- + - +
\\32%
\
33%
34%
35%
(a) WA (b) A
6
Fig. 6 Observed isoline of water content of soil samples in model box after tests
3.3

L=H=20cm 14 ~ 16
Ac’ . 17 18



174 39

10

6 b
6a b
a.
11
6 a
6 b
b.
c. pH 2 12 pH
Terzaghi Esrig
M . 1985.
J. 1996 1 5-8. HUANG Ke-ming. Study on electro-osmotic strengthening
technology for soft soil J .Hydranlic Science and Technology 1996 1 5-8. in Chinese
J. 2008 4 92-95. CAO Yong-hua GAO Zhi-yi LIU Ai-

min. Characteristics and development of electro-osmotic treatment for ground improvement J .Port & Waterway Engineering 2008 4
92-95. in Chinese
J . 2000 5 58-61. GAO Zhi-yi ZHANG Mei-yan
ZHANG Jian. Laboratory model test of vacuum preloading in combination with electro-osmotic consolidation J . China Harbour
Engineering 2000 5 58-61. in Chinese
. - J. 2006 34 11
70-75. FANG Ying-guang XU Min ZHU Zhong-wei. Experimental investigation into draining consolidation behavior of soda residue soil
under vacuum preloading-electro-osmosis J . Journal of South China University of Technology Natural Science Edition 2006 34 11 70
-75. in Chinese
ESRIG M I. Pore pressure consolidation and electrokinetics J . Journal of the Soil Mechanics and Foundations Division ASCE 1968 94
SM4  899-922.
SHANG ] Q. Electroosmosis-enhanced preloading consolidation via vertical drains J . Canadian Geotechical Journal 1998 35 3 491-
499.
- J. 2010 32 1 77-81. LI Ying GONG
Xiao-nan LU Meng-meng et al. Coupling consolidation theory under combined action of load and electro-osmosis J . Chinese Journal of

Geotechnical Engineering 2010 32 1 77-81. in Chinese

. J. 2001 25 1 125-131. SU Jin-giang WANG Zhao. Theory of two-dimensional
electro-osmotic consolidation of soils J .Chinese Journal of Geotechnical Engineering 2001 25 1 125-131. in Chinese
J. 2010 1 15-19. WANG Jun-bo LIU Si-

hong XU Wei et al. Experimental study on electro-osmotic treatment for an ultra-soft clay J .Port & Waterway Engineering 2010 1



2 175

15-19. in Chinese
11 LOKY INLULET I'1T HO K S.Field test of electroosmotic strengthening of soft sensitive clay J .Canadian Geotechical Journal 1991 28
1 74-83.
12 SONDI I BISCAN J PRAVDIC V. Electrokinetics of pure clay minerals revisited J . Journal of Colloid and Interface Science 1996 178
2 514-522.

Analytical theory of soft ground consolidation under
vacuum preloading combined with electro-osmosis

XU Wei LIU Si-hong WANG Liu-jiang WANG Jun-bo
Research Institute of Hydraulic Structures — College of Water Conservancy and Hydropower Engineering
Hohat University ~ Nanjing 210098  China

Abstract An analytical consolidation theory of soft ground under vacuum preloading combined with electro-osmosis was
established based on the Terzaghi’ s consolidation theory and the Esrig’ s electro-osmotic consolidation theory. The
analytical solutions of the excess pore water pressure of the soft ground during consolidation process were obtained.
Through an example the development of the excess pore water pressure with the time and its distribution rules between
the electrodes induced by the vacuum preloading combined with electro-osmosis were analyzed. Model tests on soil
samples under the vacuum preloading combined with electro-osmosis were carried out. The observed water content of the
soil samples after tests agree with those derived by means of the analytical solutions of the excess pore water pressure.

They have similar distribution rules indicating that the analytical consolidation theory is rational .

Key words vacuum preloading combined with electro-osmosis analytical consolidation theory soft soil excess pore

water pressure





