Hans Journal of Civil Engineering /K T#8, 2024, 13(12), 2272-2281 Hans X
Published Online December 2024 in Hans. https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2024.1312250

BT HEIZHKEIK TR

SEFR, RS, 2HW, XAW, M4
PR ER TRESERE, R 7Y%

I HIER

Weks H . 20244F11H18H; FHER: 20244F12H14H; KA HB: 2024412 H20H

=

A5 BAERT SRS B HOK R A K TR MR R R B UKFAS. BfRBREE
B, wEAKE. REGY. BEMHER. EEBE. FHERREE. EHiEmaE. 8 E-t
MER, BYEXRBEIPNERSEREERAK, RSt BEHOKEANER, HARRMHER. &
AR BIFREARAE=MERNBEF KT BIUKTHEEAHERE RN EZERE . AR KR EEK
B ERFHET, RARMND . A THP.042.53 @8R /KRR H C35IRE Lk k. KBS R%
IR R B R bR THSRESEKE, FERR LERENNE, ANt hREL
RBHKEAR K — PR T B ERI A LB I8 2.

XKiEid
BELRBHDK, EXZRR, B5% BE, RKF

Experimental Research Scheme of
Water Migration Rule in Electroosmotic
Drainage of Concrete

Xinle Lu*, Xianwei Kang, Jinbo Bian, Jianxun Guan, Jiawei Sun*

School of Civil Engineering, Xijing University, Xi’an Shaanxi

Received: Nov. 18, 2024; accepted: Dec. 14%, 2024; published: Dec. 20%", 2024

Abstract

The purpose of this experiment is to study the law of water migration in the process of concrete elec-
troosmotic drainage and determine the optimal level combination of influencing factors. Seven factors,
including water-cement ratio, retarder, diameter of anode steel, energized voltage, distance between
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anode and cathode electrodes, energized starting time, and energized duration, were set up in a self-
made electroosmotic test device. Through orthogonal test design and comprehensive test of some fac-
tors, the electroosmotic displacement of concrete was taken as the index. The optimum level and com-
bination of the three factors of anode bar diameter, current voltage, and electrode distance between
anode and cathode were studied. The test was carried out according to the basic principles of electro-
lytic water and electroosmosis, using commercial river sand, stone, and P.0 42.5 ordinary Portland ce-
ment with C35 concrete samples. The test results will provide a reference for the construction organi-
zation of concrete electrode membrane in the ultra-high vertical shaft of the underground powerhouse,
which is expected to improve the quality and efficiency of the project and also provide a theoretical
basis and practical guidance for further optimization of concrete electroosmotic drainage technology.
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Table 1. Test factors and levels

= 1 REERRKF

\\\\\\\\ 2 1 2 3

K \\ BH FR 4 355 B 4% TR 9 B Pl )
1 16 mm A 100 mm
2 20 mm 12V 150 mm
3 25 mm 24V 200 mm

Table 2. Orthogonal test
F 2. EXRE

e W1 2 2 EE
A BE R4 5 272 (mim) EHIHLE(V) I B e 4 1 26 (mim)

1 1 (16) 1(9) 1 (100)

2 2 (20) 2(12) 2 (150)

3 3(25) 3(24) 3 (200)

4 1 (16) 2 (12) 3 (200)

5 2 (20) 3(24) 1 (100)

6 3 (25) 1(9) 2 (150)

7 1(16) 3(24) 2 (150)

8 2 (20) 1(9) 3(200)

9 3(25) 2(12) 1 (100)
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Table 3. Single factor comprehensive test

3 BEZEmIRE

AT B K% 4 %%5 ‘ %Ef ‘ ‘ HRT
IKIK L R =gl T R AR I [R) T L RR A2 [R]
1 0.45 0% BN TE AL B I H 120 min
2 0.50 0% N 52 AT B 120 min
3 0.55 0% B8N 58 T B H 120 min
4 0.50 0.1% BN TE A7 B IR H 120 min
5 0.50 0.1% BN TE AL H I 120 min
6 0.50 0.1% B8N 52 T B H 120 min
7 0.50 0% BENFE A H I 120 min
8 0.50 0% 10 min 120 min
9 0.50 0% 45 min 120 min
10 0.50 0% 1.5h 120 min
11 0.50 0% 6h 120 min
12 0.50 0% PN GE R B 10 min
13 0.50 0% PN SE R B IR 20 min
14 0.50 0% BENFE AL E I 30 min
15 0.50 0% PN SE R IE 60 min
16 0.50 0% BN GE R BT 90 min
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1) 4Bk B i AR o A HE KB A NAWAR e KR, (ELASRERIT SNRE B, DLGIE I
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2) RO, FREUK. KV B 7. TRIERAENL, ik, B 30 A, BIAKESMINFIAE),
ZREERE 90 0. BeE B

3) FEAIEE iR (20°C +2°C)HEEH, ARIETREE LR SLRCR, = 2RARE, [R5,
B, BRSNS LIRS 30 £ LLA (FFH Vb AR1IE I [ 7€), DGRt A AWK .
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Figure 1. Installation of the test device
1L RERE

Figure 2. Experimental observations
B 2. 3

Table 4. Test phenomena
F 4 REMEK

LG T T A
PR ER 5 PRt WKL e L

REM

-t xE

K WOKE RO, R, N

i, AT A B . ARy
(d=12mm; 36 V; | =150 mm) B TR T AR AL
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K K&
D bk
R WK SRR, RSz,
M, HREARTOT MK S ER . RRTT
. s ES O T Ui isuE YIS
D 2
{ "WA.A |9 i
(d=12 mm; 9V; | =150 mm)
it JLFE
(d= 12 mm; 45 V: | = 150 mm)
Table 5. Power-on duration test
%= 5. BeEFEaEit it e
e H 1 H¥ 2 AT 3 WKEE Il R RS (A]
FH AR 55 A% (mm) JEHHE(V) 91 BH FELATZ (8] 2 (mm) (9) (min)
1 12 36 150 16.99 100
HLY 0.526 A '
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Table 6. Partial orthogonal test 1
5= 6. BBOIERIAL 1

A 1 5+ 3 s . N N
s HF 2 i WKEEE W IR A AR AR A
/\Q = YA S
(mm) (mm)
2023-6-21-3 1(9) 14.37 120 7
1 1(16) HE 3: 0.132 A 1 (100)
2023-6-21-4 HLJ 4: 0.107 A 5.95 120 7
2023-6-21-1 2(12) 5.81 100 27
2 2 (20) HE 1: 0.117 A 2 (150)
2023-6-21-2 HLJf 2: 0.143 A 2.64 100 27
3 2023-6-21-5 3(25) 3(24) 3 (200) 8.63 120 GEN FE BRI H
2(12)
4 2023-6-22-5 1(16) 7 0119 A 3 (200) - - -
1(9)
6 2023-6-22-4 3(25) H7 0,154 A 2 (150) - - -
3(24)
7 2023-6-22-6 1(16) HUITE 0.400 A 2 (150) - - -
2(12)
9  2023-6-22-3 3(25) 7 0.280 A 1 (100) - - -
Table 7. Partial orthogonal test 2
7. BRTIEAIRE 2
1 e s N .
s *&.%Vl?ﬁ e 7 2 i KR AR
T HIEV) (@) (min) (min)
(mm) (mm)
2023-6-21-3 1(9) 14.37 120 7
1 1(16) L 3: 0.132A 1 (100)
2023-6-21-4 FLJ 4: 0.107 A 5.95 120 7
2023-6-21-1 2(12) 5.81 100 27
2 2 (20) HJ 1: 0.117 A 2 (150)
2023-6-21-2 HLJE 2: 0.143 A 2.64 100 27
3 2023-6-21-5 3(25) 3(24) 3 (200) 8.63 120 Be N T8 R E
4 2023-6-28-4 1(16) 2(12) 3 (200) 1.90 120 RN 56 R ED T
L 0.103 A : 7e/NI0
5  2023-6-28-5 2(20 3 (24) 1 (100 9.17 120 20 min
"b-et- (20) F1 0.575 A (100) :
6 2023-6-28-6 3(25) 10 2 (150) 6.16 120 GENTE I B I
HLYE 0.133 A ' ve
7 2023-6-28-7 1(16 3 (24) 2 (150 3.47 120 10 mi
(16) 1 0.306 A (150) ' min
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8 2023-6-28-8 2 (20) - 0(.1)20 A 3 (200) 432 120 20 min
2 (12

9 2023-6-28-9 3(25) i (().16)35 A 1 (100) 5.17 120 10 min

Table 8. Partial orthogonal test current data (collected every 10 min)

5 8. ERIERINIEREIE(E AR 10 min SRE)

RT 1 AT 2 A+ 3
ISH B 49 775 L 4% (mim) JE L E(V) ¥ BH FEL AR [ 2 (mm)

2 (12)
HIE 1: 0.103 A
HLJE 2: 0.107 A
B 3: 0.107 A
HLJE 4: 0.108 A
HLJ 5: 0.106 A
3(24)
B 1: 0575 A
HLIE 2: 0575 A
HJE 3: 0.575 A
BV 4: 0.540 A
HLI% 5: 0.516 A
1(9)
HIE 1: 0.133 A
HLE 2: 0.131 A
B 3: 0.131A
HE 4: 0.101 A
HJ 5: 0.103 A
3(24)
IR 1: 0.306 A
R 2: 0.352 A
IR 3: 0.352 A
Hi 4: 0.325 A
IR 5: 0.304 A
1(9)
HIR 1: 0.120 A
B 2: 0.120 A
B 3: 0.120 A
HE 4: 0.119 A
BV 5: 0.119 A
2 (12)
BV 1: 0.165 A
HLIE 2: 0.158 A
HJE 3: 0.158 A
HLJL 4: 0.161 A
HLIE 5: 0.156 A

12295

4 2023-6-28-4 1(16) 3 (200)

5 2023-6-28-5 2 (20) 1 (100)

6 2023-6-28-6 3 (25) 2 (150)

7 2023-6-28-7 1(16) 2 (150)

8 2023-6-28-8 2 (20) 3 (200)

9 2023-6-28-9 3(25) 1 (100)
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HERA AT F A A

2) I IE A ER BT B AR AN B B B BH R AL R =R R R B AT AT 7T . it SR A
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3) MYEIEACHIGLAIR, e AT E, Sy T b e B IR e - B Bt T SRS 25 K
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