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Abstract

Underground concrete structures are constructed under a geographical environment called underground and exposed
to various environments that promote deterioration. Among them, groundwater promotes deterioration of underground
concrete structures due to contaminated water from the ground. In this study, the chemical resistance performance test
evaluation of five different receptors for a total of 15-type leakage repair materials of five series was conducted to
determine the chemical stability of the leakage repair material used in the crack area. The results show a general
increase and decrease in most chemical receptors, but the biggest increase and decrease was shown in acrylic systems,
which were found in sodium chloride and sodium hydroxide, and epoxy was found in hydrochloric acid. The cement
system is showing a lot of increase and decrease in sodium chloride. It is expected that the results of these studies
will be used as a basis for chemical stabilization in the development of new materials.

Keywords : contamination of under groundwater, underground concrete structure, water leakage repair materials, chemical
resistance test, injection type leakage repair material
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Figure 2. Principle of formation of underground aquifer
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Figure 3. Groundwater water pollution path from ground
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Table 1. Leakage repair materials by type
Division
Lf:;:ﬁe Type Components
Materials
Acrylamide, persulfate (mixed with one or two
RG-1 kinds of sodium, ammonium, and potassium),
asphalt, and other additives
Synthetic Asphalt, inorganic filler for viscosity adjustment,
rubberized processor oil, asphalt modifier, strength
| t RG-2 reinforcement agent, heat resistance
gel grou reinforcement agent, adhesion reinforcement
(RG) agent, anti-flow additives, used tires, aqueous
modifier, etc.
RG-3 Asphalt, bentonite, oil, rubber, water-soluble
polymer resin, etc.
CG-1 Cement, accelerator, fluidizing agent, water,
Cement-bas other additives, etc.
ed repair CcG-2 Cement, sand, fluidizing agent, expansion agent,
materials mixing water, etc.
(CG) CG-3 Cement, fluidizing agent, curing regulator, water,
other additives, etc.
EG-1 Epoxy resin+tamine (dry type)
Epoxy-base Main: Hardener = 2:1
drepair oo Epoxy resin+polyamidamine (wet type)
materials Main: Hardener = 2:1
(EG) EG-3 Elastic epoxy sealant
Main: Hardener = 1:1
Acrylate (metal hydroxide agueous solution +
AG-1 acrylic acid + methacrylic acid), persulfate, amine
(redox polymerization catalyst, acrylic acid meal
salts, cross-linking agent, etc.
Acrylic-base : : ;
(;y repair Acrylic acid metal salt, acrylamide,
materials AG-2 triethanolamine, glycerin, potassium femicyanide,
(AG) sodium persulfate, etc.
Main (sodium polyacrylate, acrylamide- sodium
AG-3 acrylate, water), hardener (sulfate compounds,
water), accelerant (triethanolamine, water)
UG-1 Filled reactive PUR polymers
Urethane-ba Xylene: 4%
sed repair UG-2 Hydrophobic rigid non-shrink urethane
m?be(r;u;als Polyurethane resin
UG-3 Acetone (CH3CoCHa)
Other additives
—_— M~
[ —1— g
~—— b
C
. d
a. u7H(Cover Plate)
b. AIEH ™%l &7|(Container)
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Figure 4. Chemical resistance test system overview
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Figure 5. Chemical resistance test specimens (schale)
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Table 3. Hydrochloric acid(HCL) test results of water leakage
repair material of water solution

Table 4. Nitric acid(NHO;3) test results of water leakage repair
material of water solution

Type 1 Type 2 Type 3
@ o 8@ O o @ ©® @ 0
Ma 41.02 36.79 34.98 5254 5556 4589 1859 189 24.15
Mb 41.15 36.89 3509 5272 5578 46.60 1860 19.01 24.16
Mc 013 010 0.11 018 022 071 001 002 0.01

RG
Mg 032 027 031 034 040 155 005 011 004

Division

Average 0.30 0.76 0.07

43.09
44.47
1.38
3.20

49.27
50.74
147
298

43.51
45.13
1.62
3.72

40.54
43.98
3.44
8.49

37.49
41.14
3.65
9.74

35.59
39.19
3.60
10.12

36.79 24.55
3834 2595
1.55 140
421 570

38.15
40.24
2.09
548

Ma
Mb

M
ca ¢
Mg

Average 3.30 9.45 5.13

35.64
34.73
-0.91

25.53
24.74
-0.79

29.37
23.64
-5.73

26.58
21.20
538

25.02
25.57
0.55

23.56
2942
5.86

21.13
26.62
549

32.79 35.95
3210 35.24
-0.69 -0.71

Ma
Mb

Mc

EG

Mg -3.09 -1951-2024 220 2487 2598 -2.10 -1.97 -255

Average -14.28 17.68 -2.21

17.72
13.48
-4.24

49.13
48.50
-0.63

59.37
58.77
-0.60

47.07
48.43
1.36

43.39
45.28
1.89

4822
42.02
-6.20

46.27
4325
-3.02

10.76 23.21
6.76 1857
-4.00 -4.64

Ma
Mb

Mc

AG

Mg -128 -101 289 436 -12.86 —6.53 -37.17 -19.99 -23.93

Average 0.20 -5.01 -27.03

13.20
13.14
-0.06
045

18.06
17.98
-0.08
-0.44

15.08
15.00
-0.08
-0.53

29.60
29.59
-0.01
-0.03

30.58 31.51
30.57 31.52
-0.01 0.01
-0.03 003

659 683 7.01

925 9% 1244

266 308 553
40.36 44.77 78.89

Ma
Mb

UG Mc

Mg

Average -0.48 -0.01 54.67

Note : Unit My, My, M.=g / M, Average=%

3.5.2 A2H(NHO3)

ZXHNHOs) =88] g WHal8-2 Table 4} 70| %
A[et Type 30llA et 77.747%7F 3A S7Fhs 202
LR, ol Type 3& ~42.16% 72, ol|EA] Type
2= 14.89% 57t ollFA] Type 12 -11,10% H4a5k= Ao
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o Ak 2 Zlo R AeFa AupR|UE ohas Aot W St
g 2 ERI=RIE A sk wsleke dAE =89
I} FLskA LAl ZHE Type 1 0.16%, Type 2
3.02%, Type 3 0.17% Z7=lo] 7P 2] Urelyitt,

=
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Type 1 Type 3

@ @ @ ©® @ @ © @ O
38.62 39.20 4322 4709 5624 5210 21.43 2536 23.11
38.63 39.23 43.38 4893 57.69 5344 21.46 2541 23.15
001 003 016 1.4 134 003 005 0.04
003 008 037 391 257 014 020 0.17
0.16 0.17
54.14 53.28
55.42 55.78
1.28 2.50
2.36 4.69
249 4.56
26.33 34.19
23.08 22.72 33.62
-325 -7.07 -0.57
-12.34-23.73 -1.67
-11.10 -1.63
4575 11.50

Type 2

Division

Ma

Mb
RG Mc 1.45
2.58
3.02
36.04
3843
2.39
6.63
7.70
22.96
26.40
344
14.98
14.89

36.65

Mg
Average
Ma 4879
Mb  50.00
CG Mc 121
Mg 248

50.88
52.22
1.34
2.63

29.02
31.36
2.34
8.06

32.68
3543
2.75
8.41

40.82
427
1.88
461

4550
47.49
1.99
4.37
Average
Ma 22.98
Mb 23.62
EG Mc 064
Mg 279

29.79 2355
2304
-0.51

-2.17

22.63
29.84
721
31.86

30.30
29.80
-0.50
-1.65

3307
3255
-0.52
-1.57
Average

Ma 43.09 50.62 40.67 40.75 1313 15.63

Mb 4629 46.77 5323 4068 37.75 4215 730 685 9.12

AG 1.40

344

583 465 -6.51
-44.40 -40.43 -41.65
-42.16
634 665 7.53
851 10.68 17.95
217 403 1042
34.23 60.60 138.38

Mc 320

743

1.02
223
494

Ma 20.18 1995

Mb 2040 20.30
UG Mc 022 035
109

2.61
5.16

0.01
0.02

1.10
3.00
2.15
31.08
31.07
-0.01
-0.03
-0.04

Mg
Average

20.51
20.80
0.29
1.41

31.24
31.23
-0.01
-0.03

30.87
30.85
-0.02
-0.06

Mg 1.75

Average 1.42 77.74

Note © Unit My, My, M.=g / My, Average=%

3.5.3 34HH2S0y)

SHHHSOy) 4=§H 9] ot A=F ka2 Table 52
o] gt Type 304 B+t 70.23%7} A S7F3aL,
ol=3¥ Type 32 —25.71% 4, FAHIEA Type 2
17.93% =7}, AHE Type 2 11.00% S7}oh= o2
SAEU ALE Bt A Heke2 A FA Type
27F thas & A 7R HolFal Lo, Type 13
Type 3014 Z¥2+ 0.17%, 0.02% 571k HolF=al gloj
B} Alge] vlef tha 22 HskeR SRIEIh
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Table 5. Sulfuric acid(H;SO4) test results of water leakage
repair material of water solution

Type 1 Type 2 Type 3
® @ ®® ©® @@ ® O @ 0
Ma 26.84 3093 2587 37.75 3622 3649 2522 31.61 18.61

Division

Mb 26.88 30.97 2593 44.83 4271 4274 2523 31.60 18.62
RG Mc 004 004 006 708 649 625 001 -001 001
Mg 015 013 023 1875 1792 1713 0.04 -0.03 0.05

Average 0.17 17.93 0.02

Ma 4883 50.05 4885 30.17 3152 3236 27.92 4858 39.44
Mb 51.51 5272 51.46 33.36 34.86 36.19 30.17 51.34 42.21

CG Mc 268 267 261 319 334 383 225 276 277
Mg 549 533 534 1057 1060 11.84 806 568 7.02
Average 5.39 11.00 6.92

Ma 21.61 21.14 2445 23.39 2402 22.54 3494 3295 3558
Mb 2358 24.13 2271 2166 21.20 24.53 3590 33.88 36.53
EG Mc 197 299 -174 -1.73 28 199 096 093 095
Mg 912 1414 -712 -740 -11.74 883 275 28 267

Average 5.38 -3.44 2.75

Ma 4989 41.60 50.62 40.38 4322 37.88 17.84 14.65 11.91
Mb 4745 39.06 4625 30.40 42.08 3807 1337 10.39 9.17
AG Mc -244 254 -437 098 -1.14 019 -447 -426 -274
Mg -489 -6.11 -863 -243 -2.64 050 -25.06-29.08 -23.01

Average -6.54 -1.52 -25.71

Ma 17.95 1829 1548 30.85 3099 3052 665 636 6.51
Mb 17.88 1824 1540 30.84 3099 3051 1395 891 1047
UG Mc -007 -005 -008 -001 0.00 -001 730 255 3%
Mg -0.39 -027 -052 -0.03 0.00 -0.03 109.77 40.09 60.83
Average -0.39 -0.02 70.23

Note © Unit My, My, M.=g / M, Average=%

3.5.4 43} EF(NaOH)

FEPERNaOH) =8940 Hat A wshes
Table 63} 2] o}=& Type 304 170.81%= =4 57t
5193l 9dE Type 3 59.84% %7} AHE Type 2
12.19% S7Fol= A= SR= Ut AgY B+ A
Hslgo] 2-& 718 FHAJaEA Type 1 0.12%, Type 2
0.05%, Type 3 0.48% 37Fh= 202 ERIESILY,
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Table 6. Sodium hydroxide(NaOH) test results of water
leakage repair material of water solution

Type 1 Type 2 Type 3
® @ @ ® © O O @ ©
Ma 37.98 3585 46.81 54.54 5393 61.18 1866 17.43 18.39

Division

Mb 38.03 3592 46.82 54.56 5896 61.22 18.73 17.51 1850

RG Mc 005 007 001 002 003 004 007 008 O0.11
Mg 013 020 002 004 005 007 033 046 060
Average 0.12 0.05 0.48

Ma 37.20 41.60 47.11 3247 32.84 3250 3343 3521 40.21
Mb 38.93 4347 49.51 3624 3696 36.53 36.32 38.15 4349
CG Mc 173 187 240 377 412 403 28 294 328
Mg 465 450 509 11.61 1255 1240 864 835 8.16

Average 475 12.19 8.38

Ma 2820 2658 26.19 30.35 24.49 23.79 39.15 36.26 33.26
Mb 24.34 2457 23.87 2823 26.63 2625 40.57 37.92 34.95
EG Mc -386 201 232 212 214 246 142 166 1.6
Mg -1369 -7.56 -8.86 699 874 10.34 3.63 458 508

Average -10.04 4.03 443

Ma 45.51 47.63 46.19 40.66 40.61 39.66 11.66 10.87 1947

Mb 49.00 5358 52.02 292 3695 4324
AG Mc 349 595 583 1754 26.08 23.77
Unable measure
Mg 7.67 1249 1262 150.43239.93 122.09
Average 10.93 170.81

Ma 21.84 1535 18.09 2824 2993 31.23 6.97 635 6.79
Mb 21.75 1531 18.02 2826 2994 31.23 1240 9.66 10.15
UG Mc -009 -004 -007 002 001 000 543 331 336
Mg -041 -026 -0.39 007 003 000 7791 52.13 49.48

Average -0.35 0.03 59.84
Note = Unit My, M, M.=g / M,, Average=%

3.5.5 #3+EF(NaCl)

HIHEFNaCI) 4~§H2] Bt A H3}-E-2 Table
7a} Zro] f-2lgk Type 394 B+t 56.53%7F 2A 5715t
A, olFd Type 2 35.57% 57}, Type 3 20.27% 57,
AHIE Type 3 20.19% <7}, Type 2 12.48% Z7)ol=
Aow shelsolrh, A B do wslgo] e AL
S IEAZ Type 1 0,08%, Type 2 0.05%, Type 3
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Figure 6. Comprehensive test results for chemical resistance performance of water leakage repair materials

Sodium chloride(NaQl) test results of water leakage

repair material of water solution

Type 1

Type 2

Type 3

Division

o 2 o ©®© 2@ @ O @ ©

Ma

Mb

RG Mc

Mg
Average

42.32
42.34
0.02
0.05

37.29
37.35
0.06
0.16
0.08

36.67 50.24 4397 42.59
36.68 50.25 44.00 42.62

0.01
0.03

0.01
0.02

0.03
0.07
0.05

0.03
0.07

20.55
20.58
0.03
0.15

16.12
16.17
0.05
0.31

0.27

19.64
19.71
0.07
0.36

Ma

Mb

CG Mc

Mg
Average

54.80
5843
3.63
6.62

53.38
56.87
3.49
6.54
6.36

40.33
4272
2.39
593

34.68
39.19
4.51
13.00

33.02
37.51
449
13.60
12.48

34.24
37.95
3.71
10.84

36.39
45.79
940
25.83

24.55
3203
7.48
30.47
20.19

38.15
39.78
1.63
427

Ma

Mb

EG Mc

Mg
Average

24.05
2508
1.03
4.28

2520
2522
0.02
0.08
9.76

24.35
30.42
6.07
2493

25.02
24.08
-0.94
-3.76

25.15
2522
0.07
0.28
-0.98

24.28
24.41
0.13
0.54

33.09
3321
0.12
0.36

34.85
35.05
0.20
0.57
0.44

36.93
37.07
0.14
0.38

Ma

Mb

AG Mc

Mg
Average

44.49
40.11
-4.38
-9.84

40.22
45.52
-3.70
-7.52
-8.88

44.45
40.33
-4.12
-9.27

43.05
50.65
16.60
38.56

39.08
49.96
10.88
27.84
35.57

39.70
55.70
16.00
40.30

13.05
16.90
3.85
29.50

19.96
22.09
213
10.67
2027

13.18
15.90
2.72
20.64

Ma

Mb

UG Mc

Mg
Average

14.94
14.90
-0.04
-0.27

22.88
22.78
-0.10
-0.44
-0.34

15.96
1591
-0.05
-0.31

29.98
29.98
0.00
0.00

30.56
30.57
0.01
0.03
0.02

28.30
28.31
0.01
0.04

6.69
10.82
413
61.73

6.45
9.28
2.83
4388
56.53

6.55
10.74
4.19
63.97

Note : Unit My,

Mg, Mc=g / My, Average=%
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Table 8. Chemical resistance test mass change rate (average) of water leakage repair materials

HCL NHO3

H2SO, NaOH NaCl

Division

Type 1 Type 2 Type 3 Type 1 Type 2 Type 3 Type 1

Type 2

Type 3 Type 1 Type 2 Type 3 Type 1 Type 2 Type 3

RG 0.30 0.76 0.07 0.16 3.02 0.17 0.17

17.93 0.02 0.12 0.05 048 0.08 0.05 027
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EG  -1428 1768 -221 -1110 1489 -163 538 344 275 1004 403 443 976 -098 044
AG 020 -501 -27.03 4% 215 4216 _g54 152 2571 1093 - 17081 88  3BS  2027
UG  -048 -001 5467 142 004 7774 -039 002 7023 035 003 5984 034 002 5653
Note : Average Unit=%
(S7h, SAtllA] /AL Type 2 17.93%(571), deht 570 A&, AL 47 AR, SHiE 470 A& o8 §iSpt
EOM AMIE Type 3 20.19%(F7hEh= A2 g0l el 53], dshtESR, dAl ABIUEERA & H

=i

5.2 &

to
o2

AJsle= 2 sl B E FxE wtdELle
A% mgAze] 57 BF5k 4-golol ot
HW7F AYE sk v A,

2T =EA Ve Ul 5 BaeAlRe] AR
o 2l 4ol kA, el Aol st
Tl A 7|Zo g B 24 , BRARo] 24
& eloht 3 BEsf sl ool vk 313 2b4sP
Holoksly] tRe] A wisheo] $7 BEE TL
o] BolAs} A2 B Ao] B AJY 734_4 Eolx
F 2= 9tk & Zh 38) 4gollof| Tt s H A=
WL 0070l 7SR B8} QkAEE Zhe A
ghet & 4= 9t}

FrEAR AY Sk 2AE el
GFARRE b A & A U BTt oY

= AJslro] Q8 Hul7t Zvlsle] HeARe] B4 2Zo]
g oo st HA 229 o} 7hs g Wzst
I Q3 Ak 7hAl ol BiAErt 09 Xk
ol th-381A] Htal A Alejo|HE HpaiE A
o] BAo] okslE Aoz vt & 4~ Q7] wjFo|th

o2et ATE THE AR Ato| diste] A7 st
go| oF 10% ol Uit 4 dlojels A i
2 ARajsh ohewt 7,

ASFERIN 67] A=, Bt SN AR, SARRES

2

oo

ox i1
9 ofr r|r i

0
r

2
o

ol

&
&

fE o

10 1o © l"q_4
:llN I'ﬂ.] mN LH‘ O>~ r
ol [1.101‘

EE

W A Hokeo] SRIFIT:, Al Sl A Zagt
Apol= Ak Woks 27k 24l =k

HIPFEFAA tha =& A WSES Kol 3L 9l
© Pl ARE AEA, ofZ =AM 2 27) A=,
ANEAA|, SHRHANA ZH I AlEE ERlEIGlar, At
A= AAIEAIA 270 A=, AMIEA], O}ﬂa‘ﬁl A
oAM 2z U AlR= debgdt), sARMERS o284
N A=, AIHEA, o ZAA, SEA A 2 17] A=
7} 2HI=

Zbol| QloiM = o FZAIA| 271 A, of=d, et 2t
N AlE7F Yebgdal, SRS SAaRA|, AMIEA|, of=
A, AN 2 1 Almrh SRIE I

olF T ofFTA FrEaAEE FIUEET
TABRHEFCIA slst QPgal e it A= 7 A
7b2agh Aow Ay, o FAARE FAk 24k Al
EA= dShEFA Sl6kA obYslE Qs HEV ZQ
o Jow ek

ERL, VIS R A4S 7HAok
T AR 24e WEShe ZloR wHsiglo, & A
x]a 7:1_1_} g}ol—;@ §]-7ﬂo] _'_71.Q0-10 7ﬂ0 x]_l_/Hoﬂ _40]—04
A3t ¥ upA|Rs} sfskeol ofaf 9513 Weotow
"6‘}711 2 % glon, ol Qlafo] AJsjgo] AAEAY,

Rl 5l e stlsialc

°l°ﬂ 2 TS Folo] BEH SAQY R R
gt At Aiks @A A3 FolAY 35 A== 7=
HpAjzol vk slof 2T Akeld AR YAl Q=
Aol Q¢ o2 HE slst g} S SR 712 AlmE

L ople

\__1_.‘—‘

F

l‘

OF_EL [‘_9,

418



&7 7] gt

E‘O‘]— E 01_"[L 7-—1_1_} _,Jd Z‘_ Qo10]: fag ‘—HQ‘—E
ISO TS 16774 Part 2014 431 Qli= 57HA] 4=8-lo]]
Hgsto] Al HrheE At m2E Qo ofgh At
7} 35} 4=gbof| oJ3t HiRIA] -2 T o tjgh W3}
QUA], B} 4=g-elof sl Gupit o W ﬁP} L=
AR 5ol g thz27} ofeigict, webs 29 2y
A= ARH)E Aste] & o gt sfst 7410“4 tﬂﬂ
zO]E J,]-xl- zﬂ- /\]z;;jl,g7}7} H]—Qo@]: zﬂ-
HeEch

AN O]
ol

3
b |

8

Ao} £ElE TEEE Asjehs Ad 24 sl
ZE|o] G315 2ok T

et 90l =B slolH 9k
15 Asket A g

S Wl &4 5 it

2 AVFo e ddEs 2 9@, w9 sl 4
2, H7] S F54 HlE SR lsto] X5t 2aE
TEE] GehE B 7HAZIAL Sl olel] & el
Az BTl AREER= L*ETXHEOH oigh =¥e} o
Sh ek ffsto] Sejue) ek Als el ARk
©2 AN S SALRPALTA, AIEA, oA
Al of2A|, SHEkA)S] ZF 3Type # F 15Typed] 7
waAwo] diet 5714 =8-2(FAt, X‘*P AL, gAksh
EF, HhIER) setAdds AdErtE AATs
o}, 71 A3 AR giREe) shet =geloflA] Sato] L
UL QAR 2 S4hE Wl 1 9le A2 oA A:
ASPHEFT ABREFA 2l 31, oZAAR
Akt abell A vEbdT, AMIEAR= ﬁiME FolA &
2 SAHE Hof 31 9l of2fRt o AvE EdiE Al
FrESAR T Y] B5h QPRE ofgt Ko R 28

715 71

I/ E : X|Steel 2Y, X5t 232|E FEE, FTES
Mz, stst e sSAY, Y FTESE
Acknowledgement

This research was supported by a grant(19RERP
—B082204—06) from Residential Environment Research

419

Program funded by Ministry of Land, Infrastructure and

Transport of Korean government,

ORCID

Soo—Yeon Kim, https://orcid. org/0000—-0002—0150—8848
Jae—Yong Yoo, https://orcid,org/0000—-0003—4727—2823
Byung—1l Kim, https://orcid,org/0000-0001-8106—4265
Sang—Keun Oh, https://orcid.org/0000—-0001-9975-3894

References

National Groundwater Information Management and Service
Center [Internet], Korea (Daejeon): K—water, Available from:
http://www. gims.go kr/waterOfClean, do

Kim SY, Lee JH, Song JY, Kim Bl, Oh SK, Evaluation of chemical
resistance performance of synthetic rubber and cement based
injection repair materials used in underground concrete
structures, Journal of The Korea Institute for Structural
Maintenance and Inspection, 2017 Oct;21(5):148-55,

Kim SY, Lee JH, Lee SJ, Jang DB, Oh SK, Standard manual
for the diagnosis and repairing leakage cracks of underground
structures in apartment housing: maintenance inspection,
Proceeding of The Korea Institute of Building Construction; 2018
May 16—18; Jeju, Korea, Seoul (Korea): The Korea Institute
of Building Construction; 2018, p. 343—4,

ISO TS 16774, Test Methods for Repair Materials for
Water—leakage Cracks in Underground Concrete Structures,
Switzerland: ISO: Part 2, Test Method for Chemical Resistance;
p. 1-8.



