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Fig. 1 The grain size distribution semi-logarithmic

curve of soil sample
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1088 K JI 7 + 43 %
2.3 HEiRiREEERE 208K P
] 10 Sy 3 BB 3 5 H R 30 I 1) 71 28 A 180 [ | Hfhere
160 |

ATDLE 3 R h s iR 2 P  mia RS T i
PO BRI AR K . 3 Veem BT,
F, . Bt o ) ) 722 e B2 K, LK 235 sl f 3
fHER K ;5 Veom™ 3B EE N B (E R I T B AR
FE PR B 1) RN 5 PR U B T ] 28 1 1 R
FK/NHK:5Veem? >4 Veem™ >3 Veem™, 5 & kR
DX 2 (L it F, B4 12 1 1 DR T 38 R ) R 2 0

14 [
12 F —=— 5 V-em!
—o— 4 Vem!
—A— 3 V-em!
1.0 |
<
%
=038
B
0.6 |
04
02 1 1 1 1 1 1 ]
0 50 100 150 200 250 300
It fig/h

10 FELJ R a9 AR 1 i 2

Fig. 10 Variation of current with time

P IE FHPEJE FL R BE AR SE PR T Y A R
REFE B o 2 B &) 5 o AR SCHE MR TR R
HOK IR R HLERT S , % oK Sr i 4% 1 5 RERE Y
KEWE NG B MR PR B S AR Sk
— G T A IR 1 R R RE FIEA A K R (X 4

{6 BEFE, 1T an T
BHEFEN
W= fruz‘dt (1)
0| BAAS] 55 KSR BERE N
w = WO (2)

S 7oy S (] 5 0 o R TR HE PR AR R
5351120 30,40 F150 Vi A HLEE TR LT 5 O S K
REABAM X 2205 o A6 o Ry E A, R (R AN
CEN D TS I i = R B N e e
B S BEAE S BT B /KR AEAE, I 11 BT .

B P 11 AT AT, B AR 5 K 3 N 38 HE 320 h
Bf 4 Veom™ 1 HL BB R BERES /N, 3 Veem IR,
5 Veem™ ek, WA S KCRBEREN 5 V- om ™ HLH
BAEE T d5e/N e

140 7

—_
(e
(=}
1

REFE/(W-h/W-h-%")
® g
T T

& (o)
(=} (=}
1 1

[3*)
(=}
1

(=}

3 4 5
FLFB E/(V-cm )

B SREFE S REFEAEAR A
Fig. 11 Histogram of total consumed energy and

energy unit content
3 g

B A B I AT 50 T E R R P e
b R T TR R LS 2 A A
FERY SN SRR

A 1 BARFR ST T B 2K S IR FERI R 2L T
YR LA e SR, B AR S A5 A K K
e BH T 422 - UK 6 T R 37 4 P 1) R SRR Ak
TR, KA BH B T R R PR 7K W 51 4 B Al ) i
— IRl N 12 frs o U E gk R E A 1 [
WV REIR | O Ak 45 A T A BE A DX
URAZ SN FE AR A B RE , 1T A% 28 B AR 14 7K 23 12 B
BT 2 2 B, DR AR, X s T AR A B R R
IKAZ BT UK, FEAT AR ™ A R MK

EHHg

T KATF OftHl ®HET
K12 W E TR R 2K S R LB O s = 1A
Fig. 12 Microscopic schematic diagram of water migration

mechanism of frozen soil under electric field



4 1 G RLTLAE . FLEERRE N VRAS B - A B ORI B IR 1089

FL AERA B R G R R K
HLUAE A s A R BB AR M 2 R R O i A S B 4
5 PRAEIR S A 22 BE 0 o AN SR I 22 M 8 4 3 X
FUAN ] L S50 JEE 308 5 - BB 45 A S T, 16 4 B
KR IXZ2(H A 2206 S R B B AR P i
(LI FL 3R 88 (0 B8 g 5 (P 13) , 22 (ER 4R 15
45 RIS A A R AR A i 90 2% AR FHAR R A A
KR IX 2 (EH S WK £ L /R K - 1T RS 1Y

RN, BIBE A v 35 2 (8 N ok b il T B A
AR T IERS BEBOR o R b rp SRR E—E R
JE b UE S AREEAE B, th I 13 (c) ml I, A
T4 22 (L B P 30 JBE B T K, 55 3 KR
X ZE(E R B AL A2 AL R o il i B il
FEL L (L Bt P 18] A A 728 A 2 B2 i T Jm B AR Bl AL
LKA HE el A AR i BEL A R AR R
T

20
5F
10
X 4F R
= E £l
sl pu i
o 2 5 #
% 5L 16}
2t B R
R g2 =
i 14}
0 1 1 1 O 1 1 1 1
3 4 5 3 4 5 3 4 5
FLIAB E/(V-em) FLEARH B/ (V-cm) R BE/(V-em )
(a) Bk H X ZE (b) HRMEZEE (c) IR ZE

K13 BRI a R

Fig. 13 Summary of each changes

VRS B i P e R P R R D 9 i PR T R
1) LRk 73 R AT A%, B R A R S F
A, BRI DX 5 7K AR BRI, P AR R 5 2) 7 i r o e
o, 5 R R Ml S 437 A K LR R HL R 5 S AR
FE AT 11 6 51— 50 3 7K, ol 45 42l 348 55 /K 3R o
G, R BHL ARG O o 1 214 R AR SR I DR, 3
P o, (A L AL (ELR IR R E K

4 it

X R G5 B A AT A [) o 3 B T H i i
58, I NS 5 K S L S H e RS — T
AT TR A DR 4598

(DFE3Veem™ 4 Veem™ } 5 Veom™ oL ki
T L 320 h fE A RERIAR 8 e AR K B 34 AR
TR 5 HL B AR Ab iy B i 2 Bl b 40 38 %) 385 K T
JIN, B AL PR TC % 5k I P AR B 3 KT S K

(2) TEAS R AR BEARE R, AR oKk 43 &
A AT E A R AR EE S R, K e B X &
AR X I A% 2 3

(3) P Y7 {1 i FF 0] S22 K T /), F, A0 B R
FEL I AR ARG A R P A K 55V - om ! EE 3RS T L BE L
BB, B 3 KR BEFER /D o

2 2% 3Lk (References) :

[1]  Xu Xuezu, Deng Yousheng. Experimental research on water
migration in frozen soil [M]. Beijing: Science Press, 1991.
(IR, X8R . B Aok AT B i 2B e (M. dbat.
Rl A, 1991. ]

[2] He Pengfei, Ma Wei. Study of canals in cold regions of China:
achievements and prospects [J]. Journal of Glaciology and
Geocryology, 2020, 42(1) : 182-194. [falfi§ &, g . &=
FEX K TREWPFE ke S e BT ], vk £, 2020, 42(1)
182-194. ]

[3] Liu Yong. Analysis on relationship between frost depth and
track deformation for Harbin-Dalin High Speed Railway [J].
Railway Engineering, 2016(10): 79-82. [ XI5 . 0K & 8k#
B S MR AR OCR [T]. P =5, 2016(10) :
79-82. ]

[4] Li Xianming, Niu Fujun, Liu Hua, et al. Characteristics and
engineering significance of frost heaving in subgrade of Harbin-
Dalian High-Speed Railway [J]. Journal of Glaciology and
Geocryology, 2018, 40(1): 55-61. [Z=5EW], 4w 4, X4E,
S5 R R B R T R S T AR A B AR R LT ] vk
=+, 2018, 40(1): 55-61. ]

[5] Huang Long, Sheng Yu, Hu Xiaoying, et al. Interactions be-
tween the pipeline and soils in permafrost regions: a review
[J]. Journal of Glaciology and Geocryology, 2017, 39 (1) :
112-122. [ B0, RIS, BIe%E, 45 . VR b X8 AR AR FIF
FERIT] W+, 2017, 39(1): 112-122. ]

[6] Cao Yonghua, Gao Zhiyi, Liu Aiming. Characteristics and de-
velopment of electro-osmotic treatment for ground improvement
[J]. Port & Waterway Engineering, 2008 (4) : 92-95. [ # jk
A AR S, PR R M ALY H Bk K LR [T ], JKiE
T2, 2008(4): 92-95. ]

[7] Tao Yanli, Zhou Jian, Gong Xiaonan, et al. Comparative ex-



1090 K JI

+ 43 %

[10]

[11]

[12]

[13]

[14]

periment on influence of ferrum and cuprum electrodes on elec-
troosmotic effects [J]. Chinese Journal of Geotechnical Engi-
neering, 2013, 35(2) ; 388-394. [ FiMem, & &, &R,
A ORI RSO LB R R A X EE R PR (T ], A R
FE4EdR, 2013, 35(2): 388-394. |

Jiao Jun. Experimental and theoretic study on electro-osmosis
drainage and consolidation of soft clay [D]. Shenyang:
Shenyang Jianzhu University, 2013. [#f4. &%+ dBHK
[ 450 S Ee AT IE D], T B SIR%, 2013, ]

Hu Liming, Hong Heqing, Wu Weiling. Electro-osmosis tests
on kaolin clay[J]. Journal of Tsinghua University (Science and
Technology) , 2010, 50(9) : 1353-1356. [ &%, HLAa ¥ ,
A mE L RBEBIRART] HReRFFIR (AR
), 2010, 50(9): 1353-1356. |

Fan Yichao, Chen Panhao, .
electro-osmosis method dispose [J]. Build Technology, 2019,
3(2): 40-42. [JE—H, BRiih . Fo3Bh B X M B A BHACR
HIRPATT]. RHRHE, 2019, 3(2): 40-42. ]

Wang Ningwei, Jiao Jun, Xiu Yanji, et al. Effect of electrode

Influence of potential gradient on

spacing on standard electro-osmotic dewatering [J]. Chinese
Journal of Geotechnical Engineering, 2012, 34(Suppl 1) : 177-
181. [T, B2, 27, % . BRI KRBk
Wiy ) 8 E 5T (7). Ak TR R, 2012, 34 (3§ 1) .
177-181. ]

Wang Li. Primary studies on the mechanism of electro-osmosis
in saturated soil [D]. Hangzhou: Zhejiang University, 2004.
[ESE . R AR B L AR B TR (D). BUN - WL
K2, 2004. ]

Tang X, Xue Z, Yang Q, et al. Water content and shear
strength evaluation of marine soil after electro-osmosis experi-
ments[J]. Drying Technology, 2017, 35(14): 1696-1710.
Vakili A H, Narimousa R, Salimi M, et al. Effect of freeze-
thaw cycles on characteristics of marl soils treated by electroos-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

mosis application [J]. Cold Regions Science and Technology,
2019: 102861.

Peng J, Ye H, Alshawabkeh A N. Soil improvement by elec-
troosmotic grouting of saline solutions with vacuum drainage at
the cathode[J]. Applied Clay Science, 2015, 114: 53-60.

Ou CY, Chien S C, Wang Y G. On the enhancement of elec-
troosmotic soil improvement by the injection of saline solutions
[J]. Applied Clay Science, 2009, 44(1/2): 130-136.

OuCY, Chien S C, Lee T Y. Development of a suitable opera-
tion procedure for electroosmotic chemical soil improvement
[J]. Journal of Geotechnical & Geoenvironmental Engineer-
ing, 2013, 139(6): 993-1000.

Chien SC, OuC Y, Lee Y C. A novel electroosmotic chemi-
cal treatment technique for soil improvement[J]. Applied Clay
Science, 2010, 50(4): 481-492.

Yershov. Principles of geocryology [M]. Liu Jingren, trans.
Lanzhou: Lanzhou University Press, 2015. [M/RZ3R . %+
FEEIMIL X2, B SRS A, 2015, ]

Hoekstra P, Chamberlain E. Electro-osmosis in frozen soil [J].
Nature, 1964, 203(4952): 1406-1407.

Sun Jianzhong. Loess[M]. Hong Kong: Hong Kong Archaeo-
logical Society Press, 2005: 19-25. [#hih. #+2#[M]. F
#: FEE A AR, 2005: 19-25.

Ministry of Water Resources of the People’ s Republic of Chi-
na. Standard for geotechnical testing method: GB/T 50123-
2019[S]. Beijing: China Planning Press, 2019. [ 4 A R4k
AEARAES . £ T iK% T A bR ifE - GB/T 50123-2019[S]. b
A0 PR AR, 2019, ]

Tang Kangwei. Study on the law of moisture migration in unsat-
urated subgrade soil under electroosmosis[ D ]. Harbin: Harbin
Institute of Technology, 2018. [ JEEE A . HB/EM T IR
B LKA TR MARERT T (D] MR : MR /R Tl R,
2018. |



4 1 G RLTLAE . FLEERRE N VRAS B - A B ORI B IR 1091

Experimental study on the influence of electric potential gradient on
the electroosmosis effect of frozen loess

JIN Doudou'?*, ZHANG Ze'**, FENG Wenjie', WANG Jinguo’,
YUE Pan’, YANG Shuguang'

(1. State Key Laboratory of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy of
Science, Lanzhou 730000, China; 2. School of Civil Engineering / Institute of Cold Regions Science and Technology , Northeast
Forestry University, Harbin 150040, China; 3. University of Chinese Academy of Sciences , Beijing 100049, China;
4. Northeast-China Observatory and Research-Station of Permafrost Geo-Environment-Ministry of Education /
Coordinated Innovation Center for Permafrost Environment and Road Construction and Maintenance in
Northeast-China, Northeast Forestry University, Harbin 150040, China; 5. Yalong River

Hydropower Development Company, Chengdu 610051, China)

Abstract: Studies have found that unfrozen water in frozen soil will migrate under the action of electrification.
This continuous migration is a complex physical and chemical process and is eventually accompanied by a pro-
cess of frost heave. Laboratory tests of frozen Lanzhou loess were conducted to investigate the electro-osmosis
effects of deformation, distribution of water content, current and energy consumed of each test, the following
conclusions were drawn. With the increase of the electric potential gradient, the difference between the deforma-
tion of the anode and the cathode of the soil gradually increases, and the cathodes both expand and the anodes
settle; with the increase of the electric potential gradient, the amount of water migration from the anode to the
cathode increasing, the amplitude of current reduction increases, and the change characteristics of the two are
similar to the change characteristics of the water content difference ; under a potential gradient of 5 V-cm™, the
total energy consumption of electric energy is the largest, and the energy consumption per unit of water content
is the smallest.

Key words: frozen soil; electro-osmosis; potential gradient; frost heave; moisture migration

(BT IE s W AN



