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Resistance Test Technology of Electroosmosis Model
ZHUANG Yanfeng, LIU Yani', GUO Kangshi
(School of Civil Eng., Wuhan Univ., Wuhan 430072, China)
Abstract: The resistance measurement methods in the electroosmotic model were modified. The series method was proposed to replace the cur-
rent electric potential measurement and fixture method, and the wiring method suitable for measuring the resistance of EKG electrode was pro-
posed. The method of measuring contact resistance between electrode and soil with electroosmotic soil of different lengths in series eliminated the
error influence of resistance of a section of soil between the measuring needle and electrode in electric potential measurement and avoided the in-
fluence on current distribution because of inserting the potentiometric needle in the soil. The method of measuring electrode resistivity with elec-
trodes of different lengths in series eliminated the error influence of contact resistance between electrode and fixture in fixture method. The exper-
imental results showed that the ratio of contact resistance obtained by electric potential measurement to that obtained by series method was mostly
between 1.3~ 1.4, which verified that the contact resistance measured by electric potential measurement was larger because resistance of a sec-
tion of soil between the needle and electrode was included in the contact resistance. The ratio depended on the resistance value of the soil between
the needle and electrode. Series method for EKG electrode was not applicable. The wiring method was presented to measure EKG electrode res-

istivity to eliminate the influence of uneven current distribution in the electrode plate due to embedded copper wire. The measurement results of
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wiring method were basically not affected by the length of the electrode, with good reliability and stability. The wiring method was convenient

and applied in EKG electrode in the production process. There is a broad application prospect. The ratio of resistivity of EKG electrode obtained

by wiring method to that obtained by the fixture method was mostly between 0.08~0.10. The ratio was mainly related to the contact resistance

between electrode and fixture which just depended on the fixture and electrode. Therefore, the ratio could be used to modify previous results ob-

tained by fixture method. The EKG electrodes have been used in many laboratory tests and projects. Considering the influence of the resistivity of

EKG electrode on the energy consumption of the whole test and project, the resistivity ratio of 0.08~0.10 could be adopted for correction.

Key words: electroosmosis; electrode resistance; contact resistance; EKG electrode
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Tab. 4 Test results of fixture method and wiring method

EKGHA Wi BEKEMm RQ RERVI0m)  iKEmm  pl@m) i IR
M 25 B

20150928 ik 0.5 2.128 15 0.05 6.38x107> 01034

S Bk 0.2 4.402 3 0.20 6.60x107° :
20160320 LR 0.2 7.012 6 0.05 8.41x10°7 0076 5

e Hig 0.2 4293 3 0.20 6.44x10 ‘
20170818 A L 0.5 1.948 15 0.05 5.84x107> 00522

e Hk 0.2 2.032 3 0.20 3.05x10°7° '
O1T1017A FESE 1.0 0.650 3 0.05 3.90x107 172

e Hg: 0.2 3.046 3 0.20 4.57x10°° '
01710178 e 1.0 0.655 30 0.05 3.93x10° 0080 1

e Bk 0.2 2.098 3 0.20 3.15%x10°7° :
O1T11IA Lk 1.0 0.705 30 0.05 4.23x107 01037

e ik 02 2.923 3 0.20 4.38x107 ‘
01712118 R 1.0 0.632 30 0.05 3.79x10° 01002

e Hg: 0.2 2.533 3 0.20 3.80x10°° :
O171211C E ik 1.0 0.656 30 0.05 3.94x107> 0001 1

e Bk 02 2.390 3 0.20 3.59x10°7 '

24y 2

20180119 PSS AES 0.5 1.074 15 0.05 3.22X1073 0.0352

Je Hyk 0.2 0.756 3 0.20 1.13x10

3 2 i Fi, BHL 75 21 L B R ) U AR S22 0.084 4, LI R 246
=A

XJ R VB LAY e BH 0 I AT TR, R
HH R IBC  AR XY i  Se HEL  RD H S L IR
T T EK G U BH A E 2R o

1) £ B35 I 4 fe b, L b o A 3 T I v A
TH R T S B 3 P R 2 ] — B - A R R
B TR 2552 ), ) B akt G T A R 4 A - XS £
S5 3 40 AT 1) R M) o I B I A 1) 4 ik v B R R
BRI AH B F K 2 A6 1.3~ 1.4 2 18], B64IF T HL #
DA K DU 55 AR (B) ) — B AR T A T H2fil g
REL 35 BT 1000 745 7 422 A v BEL s A, #6503 BE A9 R/ IN B
P BRI T T B 9 — B AR R BEAE

2 ) ER IR I e PR B PR BEL 3R B T e L]
SJe JEL b AR 2 T 2 fie P BEL 79 1% 25 52 i), {EUAS 38 1
M R A 2R EKGRL Y o

3) 2 H 0 A S v T 2 iR A\ R ) 2B 4R B EK G LA
L BHL R, AN B T e Ly ) £ i) e LR LA 22 (1]
2 o F L P 158 2 52 ), ST B T RSO P R 9 43 AT
AN, I 2 S AR 2 AR K B s ), 2
A R AT SRR RSO M B Lk AR 5, BE T (E
i FHFEKGHL A 7= T 259, A Hee T e il i i
Hi 5 o

4) Je Hk o A i) i B R 558 4k I EK G R

F7E0.08~0.10:Z [8], 1 | i AR HI Je Bk 14

YR TR 25 R AT IE

&% 3

[1] Bjerrum L,Moum J,Eide O.Application of electro-osmosis
to a foundation problem in a Norwegian quick clay[J].
Géotechnique,1967,17(3):214-235.

[2] Lo K Y,Ho K S,Inculet I I.Field test of electroosmotic
strengthening of soft sensitive clay[J].Canadian Geotechnic-
al Journal,1991,28(1):74-83.

[3] Lageman R,Pool W,Seffinga G.Electro-reclamation:The-
ory and practice[J].Chemistry & Industry,1989,18:585-590.

[4] Lageman R,Pool W,Seffinga G A.Electro-reclamation:State-
of-the-art and future developments|[M].Amsterdam:Spring-
er,1990.

[5] Xue Zhijia,Tang Xiaowei,Yang Qing,et al. Comparison of
electro-osmosis experiments on marine sludge with differ-
ent electrode materials[J].Drying Technology,2015,33(8):
986-995.

[6] Kalumba D,Glendinning S,Rogers C,et al. Dewatering of
tunneling slurry waste using electrokinetic geosynthetics[J].
Journal of Environmental Engineering,2009,135(11):1227—
1236.

[7]1 Mohamedelhassan E,Shang J Q.Effects of electrode materi-
als and current intermittence in electro-osmosis[J].Proceed-

ings of the Institution of Civil Engineers Ground Improve-


https://doi.org/10.1139/t91-008
https://doi.org/10.1139/t91-008
https://doi.org/10.1139/t91-008
https://doi.org/10.1080/07373937.2015.1011274
https://doi.org/10.1061/(ASCE)0733-9372(2009)135:11(1227)
https://doi.org/10.1139/t91-008
https://doi.org/10.1139/t91-008
https://doi.org/10.1139/t91-008
https://doi.org/10.1080/07373937.2015.1011274
https://doi.org/10.1061/(ASCE)0733-9372(2009)135:11(1227)

553

FEHabE, 45 RS R BN 145

ment,2001,5(1):3—-11.

[8] Zhuang Yanfeng,Wang Zhao.Interface electric resistance of
electroosmotic consolidation[J].Journal of Geotechnical &
Geoenvironmental Engineering,2007,133(12):1617-1621.

[9]1 Sun Zhaohua,Yu Xiangjuan,Gao Mingjun,et al.Experi-
mental studies on vacuum preloading incorporated with
electro-osmosis consolidation for dredger fill[J].Chinese
Journal of Rock Mechanics and Engineering,2017,39(2):
251258 [FMA AL, A, = W45, 5 s — B T 1]
Fi AR W 258 5[] A+ T RRE2E,2017,39(2):251-
258.]

[10] Su Junwei.Laboratory tests and numerical simulation study
on electro-osmosis reinforcement of wet subgrade during
operation period[D].Qingdao:Shandong University,2020.
(58 3 325 85 Y Y St e L 9 1 I ) 2 PA) S S (A
BFFE[D]. 75 & 1A K #,2020.]

[11] Liu Zhitao.Electrokinetic remediation of lead contamin-
ated kaolin and study on mechanism of reversed direction of
electroosmotic flow[D].Wuhan:Wuhan University,2019.[X]]
BTG G i - H BB R 5 R HL B IR LTS (D).
HPCEDUR,2019.]

[12] Nasiri A,Zanjani A J,Khodadadi—Darban A.Application of
enhanced electrokinetic approach to remediate Cr-contamin-
ated soil:Effect of chelating agents and permeable reactive
barrier[J].Environmental Pollution,2020,266:115197.

[13] Li Ying,Gong Xiaonan,Zhang Xuechan.Experimental re-
search on effect of applied voltage on one-dimensional elec-
troosmotic drainage[J].Rock and Soil Mechanics,2011,32(3):
709-714.[ 235, 2B IE R, 5K 5 18 L H X —ZE LB K iR
FHE ISR [J].54 £ 712%,2011,32(3):709-714.]

[14] Wang Ningwei,Jiao Jun,Xiu Yanji,et al.Effect of electrode
spacing on standard electro-osmotic dewatering[J].Chinese
Journal of Geotechnical Engineering,2012,34(Supp1):
17718 L[ E T B A 275,45 AT FL B K
B S BFIE[T]. A £ TR AR, 2012,34(3% F)1):
177-181.]

[15] Li Ying,Gong Xiaonan.Experimental research on effect of
electrode spacing on electro-osmotic dewatering under same
voltage gradient[J].Rock and Soil Mechanics,2012,33(1):
89-95.[4F B, R IGE g 55 F FAB B2 T FLAI [B] BE XS L B 52 )
BRI AT FE 1], 1 712%,2012,33(1):89-95.]

[16] Liu Feiyu,Mi Wei,Wang Jun,et al.Influence of applying

stepped voltage in electroosmotic reinforcement of dredger

fill[J].Chinese Journal of Rock Mechanics and Engineering,
2014,33(12):2582-259 1. & &, 556, F 42, 45 B FOm#;
H X H 8 0 [ WS = 2 I [ D] 25 A ) 2 5 TR
#%2,2014,33(12):2582-2591.]

[17] Zhuang Yanfeng,Wang Zhao.Study on interface electric
resistance of electro-osmotic consolidation[J].Rock and Soil
Mechanics,2004,25(1):117—120.[ = #a g, T 41 B 15 [F 45
FA) 55 T HL B R J]. 5 = J75%,2004,25(1):117-120.]

[18] Shi Zhenming,Zhou Yuanyuan,Peng Ming,et al.Experi-
mental study on effect of soil salinity on electro-osmosis in
montmorillonite clay[J].Journal of Southwest Jiaotong Uni-
versity,2016,51(5):1005-1013.[f7 9% W, J& 5 g%, 3444, %5 &%
E 1 X0 52 ARG - B 2 e AR IF S (7. 94 e S R
2¢41%,2016,51(5):1005-1013.]

[19] Tao Yanli,Zhou Jian,Gong Xiaonan,et al. Comparative ex-
periment on influence of ferrum and cuprum electrodes on
electroosmotic effects[J].Chinese Journal of Geotechnical
Engineering,2013,35(2):388-394.[ W& i, & £l 22154 1, 45
BRIV LA X L B RCR S e B R E IR SR A 5[] 1T
T#4R,2013,35(2):388-394.]

[20] Chen Zhuo,Zhou Jian,Wen Xiaogui,et al. Experimental re-
search on effect of polarity reversal to electro-osmotic[J].
Journal of Zhejiang University(Engineering Science),2013,
47(9):1579-1584. [ st Jo i, TR e 5, 55 LA S e 0T v 2
T R BRI I T [J]. 87 VLR A2 4 (T2 i), 2013,
47(9):1579-1584.]

[21] FF b AR 4k 50, T 4], 5 — P ] 5 e 1) 98 ) HE K AR
7Z1.201210197981.4[P].2012-06-15.

[22] Jones C J F P,Lamont-Black J,Glendinning S.Electrokinet-
ic geosynthetics in hydraulic applications[J].Geotextiles and
Geomembranes,2011,29(4):381-390.

[23] Glendinning S,Lamont-Black J,Jones C J F P.Treatment of
sewage sludge using electrokinetic geosynthetics[J].Journal
of Hazardous Materials,2007,139(3):491-499.

[24] Jones C J F P,Lamont—Black J,Glendinning S,et al.Treat-
ment of lagooned sewage sludge in sludge using electrokin-
etic geosynthetics[J].Geosynthetics International,2008,15(3):
192-204.

[25] Jared W L,Stewart D [,Binley A M, et al.Resistivity ima-
ging of electrokinetic transport in soil[J].Journal of Geoen-
vironmental Engineering,1997,61(4):565-574.

(w%E  FiHh)

D e S SR S S S S S S SR S S S R R S S R R S S SR SR S S S S S S S SR S SR S S i S SR S R SR R S SR

138-145.]

> & o o o

5| A #& 3 :Zhuang Yanfeng,Liu Yani,Guo Kangshi.Resistance test technology of electroosmosis model[J].Advanced Engin-
eering Sciences,2021,53(5): 138—145.[JF #ff e 01| 101 42, 58 S £1- . it 2 A5 0 H BH I o 35 R [3]. TR BL 2 5 HR ,2021,53(5):

> o ° ° -

LR S S SR S S S R R S S S SR S S R S S S R S S SR S R R S S SR S IR S SR R R S SR S S S 2


https://doi.org/10.1016/j.envpol.2020.115197
https://doi.org/10.3969/j.issn.1000-7598.2011.03.012
https://doi.org/10.3969/j.issn.1000-7598.2011.03.012
https://doi.org/10.3969/j.issn.1000-7598.2012.01.015
https://doi.org/10.3969/j.issn.1000-7598.2012.01.015
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.1016/j.geotexmem.2010.11.011
https://doi.org/10.1016/j.geotexmem.2010.11.011
https://doi.org/10.1016/j.jhazmat.2006.02.046
https://doi.org/10.1016/j.jhazmat.2006.02.046
https://doi.org/10.1680/gein.2008.15.3.192
https://doi.org/10.1016/j.envpol.2020.115197
https://doi.org/10.3969/j.issn.1000-7598.2011.03.012
https://doi.org/10.3969/j.issn.1000-7598.2011.03.012
https://doi.org/10.3969/j.issn.1000-7598.2012.01.015
https://doi.org/10.3969/j.issn.1000-7598.2012.01.015
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.1016/j.geotexmem.2010.11.011
https://doi.org/10.1016/j.geotexmem.2010.11.011
https://doi.org/10.1016/j.jhazmat.2006.02.046
https://doi.org/10.1016/j.jhazmat.2006.02.046
https://doi.org/10.1680/gein.2008.15.3.192
https://doi.org/10.1016/j.envpol.2020.115197
https://doi.org/10.3969/j.issn.1000-7598.2011.03.012
https://doi.org/10.3969/j.issn.1000-7598.2011.03.012
https://doi.org/10.3969/j.issn.1000-7598.2012.01.015
https://doi.org/10.3969/j.issn.1000-7598.2012.01.015
https://doi.org/10.1016/j.envpol.2020.115197
https://doi.org/10.3969/j.issn.1000-7598.2011.03.012
https://doi.org/10.3969/j.issn.1000-7598.2011.03.012
https://doi.org/10.3969/j.issn.1000-7598.2012.01.015
https://doi.org/10.3969/j.issn.1000-7598.2012.01.015
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.1016/j.geotexmem.2010.11.011
https://doi.org/10.1016/j.geotexmem.2010.11.011
https://doi.org/10.1016/j.jhazmat.2006.02.046
https://doi.org/10.1016/j.jhazmat.2006.02.046
https://doi.org/10.1680/gein.2008.15.3.192
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.1000-7598.2004.01.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3969/j.issn.0258-2724.2016.05.025
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.3785/j.issn.1008-973X.2013.09.010
https://doi.org/10.1016/j.geotexmem.2010.11.011
https://doi.org/10.1016/j.geotexmem.2010.11.011
https://doi.org/10.1016/j.jhazmat.2006.02.046
https://doi.org/10.1016/j.jhazmat.2006.02.046
https://doi.org/10.1680/gein.2008.15.3.192

	1 串联法测量电渗模型电阻
	1.1 串联法测量接触电阻
	1.2 串联法测量电极电阻

	2 测量技术应用
	2.1 串联法测量土体接触电阻
	2.2 串联法测量电极电阻
	2.3 走线法测量电极电阻

	3 结　论

