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A Study on the Performance Evaluation of Water(wash out) Resistance of 5-Type
Repair Materials in Water Leakage of Underground Concrete Structures

Soo-Yeon Kim', Jae-Yong Yoo’, Sang-Keun Oh**

Abstract: In this study, the international standard ISO TS 16774 Part 3 Test Method for Water (wash out) Resistance and KS F 4935 MSealant Injection
type for water leakage maintenance of adhesive flexible rubber asphalt series.s, which are standardized as a quality control method of injection type
repair materials used for water leakage cracks in underground concrete structures, are currently used in Korea. As a result, considering the performance
criteria of “mass change rate —0.1%” stipulated in KS F 4935, the remaining 13 types repair materials, excluding RG-2 of synthetic rubber and UG-1
of urethane, need to be reviewed for stabilization of the loss resistance due to the flow of ground water. The results of this study are determined to
be available as a basic indicator for the selection of repair materials used for cracks in concrete structures. In addition, it is expected that the results
of this study can be utilized as reference data that can be reflected in the improvement of the quality of repair materials that will be researched and
developed later.
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Fig. 2 Mimetic Schematic diagram of Groundwater flow path
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Photo. 1 Leakage in the Connection area of Concrete Structure

2ol HEH v} o] ZATE FREANA FFo| &
AR vl theFstal, FERE] A5 2 SRE 2 -3HH
el gRlo & FxEof YIS vx|A Hh

olol] #F o] ol WA= B2 ATV = gle
L, Q72 AT A Z1do] 2] Aol W)
ol FaFol] T3 HIoJE & HIEA] YX|SIA]&= AN U
279 o] A Z50.05~0.15mm =2 o =3}a1 ¢} A A
TFERENA LAY = 78] - 0.15mm o] +E
2 WIS 7] w5 Aggo] v =24
gl & Aot & < ok

g e g F, 7EY o], AT E BAl9 F
7, 7FlA & 7] | T HFA 2dlA EAskaL gle

w, o] 7)ol o] 5ol Bl AW H Az Aah 2



=2 —’Fi sl AL HEH AL =AM A ZAI = o]0
A

HL

o

32 X|Skro| REdt FrEsAE

Feluete] Aske P AZE 2009 m'o]aL A g}
9] S A& 7.02m, ASkF B 25 14.6 CE ZARE )T

o9} Zro] 2AME W& o) Ashar 11 G A Abel] uf
2 ()2 ol AR o] A3t LA E T2=9| 7
4 F9 2 TSl ek

ol FHL 91 E Hpshy] f1sted R viAY
Fo B AR 5 3 A 548 20 Sl BEA7E AR H

AT TEREAL @A DA 02 AL 9l
A 8 232 Photo. 29} o] IHY A, AREA, ok
Al, AZAA $-A 5ol HEH L 9lom, o] £of ofx
LE o g4, okARE vi2E, 32 REBE, dTF°lE
(W), Ashrld So] AR Tk

Photo. 2 Cement, Urethane, Acrylic, Epoxy based Repair
Materials

TE F-9 5 B8] 8t AR H = R 52 4
7FEg (A e A, =St mE 5 3
o] FxA| A-E, Askret B e, A 8 E 9
7 5)oll thg 7Fsstolof st = o] & 913 thefst F24
Zo| XY= At 1 F skt Askre] f5ded e B
FAES FA AFgES Hrish] A A2 Ak
T o= It FAF ol AlgE R srtfAE S
A TR AT A o] A & 5 Q7] wiiEolth

019} ol Agtre] s EAHLE Qlste] fr<o] MAyst

frézoll o5t ZAYE FRES] AR AFH

‘TE-‘TZH—U—ﬂ‘ A I 758 AT 4 = EAEES
B AFoA ReA 5o FAAIAERE ot AESt
2} gt

4. 5HE FEFUES] S&XNY 8587t

B AT FrETEA @A PubE 0 2 AREE A1 Q)
T SAIGRFABLTA, AREA, o2 A, o ZA A, - e
Ae] FU8 FrRsAes s75 FALE 150 TS
16774, Part 3, Test method for Water(Wash Out) Resistance 9}
KS F 4935 A& 714 & 24335 Ad871E 53
B gel 4 A e Adstara) gk

41 A& ®=
NEH 7 ol ALH AT 571R] Alde] 22t 3R &
155F7E Aoz s o, O F/e LA, ARE
A, 01]%/\17#1 OPﬁaﬁl S-Y A =0 2 23Y34 a1, Ha19]
ZF Qg FE FAATARG, AMEA-CG, HNEAA
-EG, 0}2‘1)741 AG, S-HEA-UGE %75t 1a)skgiet 2+

NE A 8 RS Th Table 17} 21k
42 NE x| 2 2

|
FAAGYS Boho) ALGR AE g P

flo
%
k3

421 N @A & 7)1
A& Ax]= o Fig 394 2©] ISO TS 16774 Part 33} KS F
49359 A TFASHAL e YT B £E02mis)E S 2

=
Ao} & 4 QUL Fr7 Aol A YA L 19S5 =S e

o fg] AFdd Z71(e65mmx10mm)e] &o] X =] =
Aoz .
olslol FERFARE ot Y FAol A F

AP, AAA L, TR, FE FU7], BAE(180g/m) 5
& o] g3kl AP S A A3te] BT

422 NEH AZ

A EH-E Photo 33} 20] g65mmx10mm S F7]2] 42
ARt ol R g & 98] A A2 1Type & F 3704
Z}zk A 2beto] Al 7t sk

423 FAATH AEIH
ANEA L= B 20:3)C, FE (65£5)%S FAI5+
IR W, AR E RA Rl HE A 2E7F AA

o 7150l S1E SE R L5 2L M)
o] ARH7} SheATh At S2E AR L o) AE
ol whe} HhshATh.

a BER|20] F9lo] $hugl APUL

il

EE

AAA ol &2 A

J. Korea Inst. Struct. Maint. Insp. 63



Table 1 Leakage repair materials by Type

Division Components
Leakage repair Materials Type P
Acrylamide, persulfate (mixed with one or two kinds of sodium, ammonium, and
RG-1 . o
potassium), asphalt, and other additives
Synthetic rubberized gel grout Asphalt, inorganic filler for viscosity adjustment, processor oil, asphalt modifier,
RG) RG-2 strength reinforcement agent, heat resistance reinforcement agent, adhesion
reinforcement 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, other additives, etc.
Cement-based repair materials CG2 C 4. fluidizi - P
(CG) - ement, sand, fluidizing agent, expansion agent, mixing water, etc.
CG-3 Cement, fluidizing agent, curing regulator, water, other additives, etc.
EG-1 Epoxy resintamine (dry type)
Main: Hardener = 2:1
Epoxy-based repair materials EG-2 Epoxy resintpolyamidamine (wet type)
(EG) Main: Hardener = 2:1
Elastic epoxy sealant
EG-3 Main: Hardener = 1:1
Acrylate (metal hydroxide aqueous solution + acrylic acid + methacrylic acid),
AG-1 persulfate, amine (redox polymerization catalyst, acrylic acid meal salts, cross-linking
. . . agent, etc.
Acrylic-based repair materials Acrylic acid metal salt, acrylamide, triethanolamine, glycerin, potassium femicyanide,
(AG) AG-2 :
sodium persulfate, etc.
Main (sodium polyacrylate, acrylamide- sodium acrylate, water), hardener (sulfate
AG-3 2 ;
compounds, water), accelerant (triethanolamine, water)
UG-1 Filled reactive PUR polymers
Xylene: 4%
Urethane-based repair materials  UG-2 Hydrophobic rigid non-shrink urethane
UG) Polyurethane resin
UG-3 Acetone (CH3CoCH3)

Other additives
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Fig. 3 Water(wash out) Resistance Test Chamber
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Table 3 Water(Wash out) Resistance Test Result of Cement-based
repair Gel Grout

CG-1 CG-2 CG-3
) @ ©) @ @ ® ® @ 0
Ma 167.23 163.48 188.66 130.68 129.70 120.83 173.12 111.45 117.78
Mb  171.20 166.48 192.02 143.43 140.90 119.23 189.92 121.92 127.62
Mc 398 3.00 336 1275 1120 -1.60 16.80 10.47 9.84
Mg 237 184 178 976 864 -132 9.70 939 835
Note : Unit My, Ma,MC:g/Mg:%

Division
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Table 4 Water(Wash out) Resistance Test Result of Epoxy-based
repair Grout

EG-1 EG-2 EG-3
o 2o 8o o o ©® @O @
Ma 80.56 78.10 83.28 96.40 108.32 103.95 108.58 79.83 109.62
Mb 81.12 79.10 84.04 96.62 108.49 104.25 115.46 85.87 117.22
Mc 056 1.00 076 022 017 030 6.88 3.04 7.60
Mg 070 128 091 023 016 029 634 757 693

Division

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

4.3.4 o} EA(AG)
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Table 5 Water(Wash out) Resistance Test Result of Acrylic-based
repair Grout

RG-1 RG-2 RG-3

@ @ o @ o O @ 0

Division

AG-1 AG-2 AG-3

@ @ @ © @ ©®© @® @ O

Division

Ma 75.15 75.07 76.57 11590 119.64 120.57 145.39 146.69 131.02

Ma 103.82 113.39 9826 97.25 96.85 91.62 43.13 32.51 36.66

Mb 7543 74.00 76.78 115.88 119.54 120.50 144.82 146.63 129.29

Mb 61.50 5491 56.96 7372 77.29 4212 2598 2534 26.03

Mc 028 -1.07 021 -0.02 -0.10 -0.07 -0.57 -0.06 -1.73

Mc -42.32 -5848 -41.30 -23.53 -19.56 -49.50 -17.15 -7.17 -10.63

Mg 037 -143 027 -0.02 -0.08 -0.06 -0.39 -0.04 -1.32

Mg  -40.76 -51.57 -42.03 -24.20 -20.20 -54.03 -39.76 -22.05 -29.00

Note : Unit My, M, M =g/ qu%

Note : Unit My, M, Mc=g/Mg=%
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Table 6 Water(Wash out) Resistance Test Result of Urethane-based
repair Groult

UG-1 UG-2 UG-3
@ 6o o© @ @ ©® @ o0
Ma 566 40.71 60.57 81.53 8030 79.12 2245 27.53 21.88
Mb  56.67 40.69 60.56 81.51 79.96 78.86 27.96 34.64 28.56
Me 0.07 -0.02 -0.01 -0.02 -034 -026 551 7.1 6.68
Mg 012 -0.05 -0.02 -0.02 -042 -033 24.54 25.83 30.53
Note : Unit M, M, M.=g /M=%

Division
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Table. 7 Water(Wash out) Resistance Test Mass Change Rate (Average) of Water Leakage Repair Materials

Synthetic rubberized gel ~Cement-based repair

Epoxy-based repair
materials

Acrylic-based repair Urethane-based repair
materials materials
(EG) (AG) UG)

Typel Type2 Type3 Typel Type2 Type3 Typel Type2 Type3 Typel Type2 Type3 Typel Type2 Type3

023 6.84 -4737 -3086 -11.65 0.01 -021 643

o grout materials
Division (RG) (CG)
Mc -0.19 -0.06 -0.79 334 745 1237 0.77
Mg -026 -0.05 -0.58 2.00 569 915 096

022 695 -4479 -32.81 -3027 0.02 -026 2697

Note : Average Unit=%

Mg mMc
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Fig. 4 Water(Wash out) Resistance Test Mass Change Rate (Average) of Water Leakage Repair Materials Graph
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