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This study is about the method to control the quality of material used to repair leakage and crack of concrete structure and suggests
the “Temperature Stability Test Method” as a follow-up study. In the result of performance evaluation for 45 samples of 15 typesin 5
series, the temperature stability test showed different material changes including rolling down, volume change, and color change as
they are frozen and melt repeatedly in the somewhat extreme conditions at low(-20°C) and high(60°C) temperatures, where 13
samples (approx. 29%) and 32 samples (approx. 71%) showed leakage, respectively, in the permeability test to evaluate leakage. This
result shows the enough importance of setting the quality control criteria of leakage repair material currently used to maintain
concrete structures considering the temperature conditions, and proves the applicability of the Temperature Stability Test Method as
a standard test method to ensure long-term durability of concrete structure.
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AR FISHE Artificial—Crack—Behavior Test
Evaluation of the Water—Leakage Repair Materials Used for the
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[ Fixing bolt for bolt-type spacer

Upper substrate specimen
(Acrylic, @ 100 X 30)

E Connection jig
.

Bolt-type connecting bar — o
L Acrylic band for seal

(@< Upper substrate

Bolt for fixing with
chamber

(3 Artificial crack(5 mm))|

- % —_— o &
q_[ \J:l
m Inlet cover for injecting

{Mortar substrate

r—Plate for fixing mortar substrate(@ 220 X 5)
—Non-woven fabric for filtering the repair material
— Acrylic plate for fixing non-woven fabric

(@< Lower substrate

Fig. 1. Artificial-crack specimen
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QIZ @ £20f Injection holeE St FrELRE TS
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(b) Repair material injection

(c) Inlet Bar for injection installation

Fig. 2. Repair material injection and specimen rest
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Upper substrate
‘ Artificial crack

T

Lower substrate

(a) 5mm Avrtificial crack test specimens
Acrylic band for seal

\—Injection of repair material
Injection of repair material

(b)
;‘P}E (-20C) © (607) Q

(c) Low temperature —20°C, high temperature 60°C(20 Cycle)
Seepage Pressure
(0.3N/mm?)

4838
T — ]

N I | =
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‘I]]j:n]] & «—— Water Leaks

(d) Water pressure(60 mins)

Fig. 3. Test method for temperature stability
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Table 1. Leakage repair materials by series Bot SITHFig. 4(b) &Z). -0l A El= ARiE Jia= 3712
Division B,
- Componets
Series Type
Acrylamlde, Persulfate(mlf(ed with one or. two 5.2 $_ _Jlk_ AI;_{
RG-1 |kinds of sodium, ammonium, and potassium),
asphalt, a'nd othe'r additives 2L xsEHS o | st L& QYA AE0] BL &
. Asphalt, inorganic filler for viscosity adjust- AOLS Lol L 1mis e o
bSt’ythe(izilc | ment, processor oil, asphalt modifier, strength OUT—put 40| +245 7150 £ AlRfeltt, &4 Algl2 S71
rubberized gel . : . g _ ) _
arout RG2 ﬁmforcement agent,. heat r'esmtance reinforce QFZ7 |(air compressor)7 HIZE E4 A&7 |of| &H(permeability
ent agent, adhesion reinforcement agent, o e - o - L B
RG) anti-flow additives, used tires, aqueous modifier, test Chamber) AXlotd, FH Qtof 22 MY E=rCt 0] HMH
cte. ol 37| LE712 HZ5t04 0.3N/mm’ Y(X[5H S 30m /0|2
Asphalt, bentonite, oil, rubber, water-soluble _ P
RG3| olymer resin, etc. Y2 Bk, o= AE(R)0IM 7t Llish=XIS Eelet
CG-1 Cement, accelerator, fluidizing agent, water, O 5= =X @2 R AR S0 EXl = Al 21 7I1S8iTt,
Cement-based other additives, etc. £ Mol M= =40] dorelx|of chet HEA HlofE 4
repair Cement, sand, fluidizing agent, expansion agent, L LA ooz =< o=
- =HCt= =2 =Mooz mylst = E 1IX
materials ¢G-2 mixing water, etc. SHOE 5 RFE STUMCR Wl 0l 232|E 12
(CG) CG3 Cement, fluidizing agent, curing regulator, water, 20MO| T T4 e YELE 54 7 AT SR =M
other additives, etc of SR8t BEto] 27| 2|0 TfEpl £ S0ids w4t
Acrylate(metal hydroxide aqueous solution + HIAHS I
H A o | M=2 AAIE] 7HO I}
AG.| [2erlic acid + methacrylic acid), persulfate, 2ol Eaiizeiol +8 52 JHE o= HHE,
amine(redox polymerization catalyst, acrylic M2ty E4 AE THS ELT| 2 HR “Ex 202 7|26},
Acrylic-based acid meal salts, cross-linking agent, etc. EAql 0 « » =
- > I = HO “EA OF E’O2 ObXMsSIH
repair Acrylic acid metal salt, acrylamide, triethanola- St 2 8% R o 5os T
materials [AG-2|mine, glycerin, potassium femicyanide, sodium
(AG) persulfate, etc. =
—— . - 5.3 Al &t
Main(sodium polyacrylate, acrylamide-sodium
AG-3|acrylate, water), hardener(sulfate compounds. - = =
J , 20 OFM AEIS A (=} 2ol LA
water), accelerant(triethanolamine, water) == NS #let BoM=0] g == XMEgH =
EG-1 Epoxy resin+amine(dry type) SQE IHE AIE S MEf S0t 22 21} Table 2, Table 32+ 20|
Epoxy-based Main: Hardener = 2:1 LIEFCY
repair EG2 Epoxy resin+polyamidamine(wet type) M
materials Main: Hardener = 2:1
(EG) Elastic epoxy sealant S
5 Nk ES
EG-3 Main: Hardener = 1:1 5314 o'l__'_jﬂ(RG) ETXHE
UG-1 Filled reactive PUR polymers 2L 8 Aig 21 M2(-20T)ofA= 97 Al 25
Urethane-based Xylene: 4% oo ° .
repair UG-2 |Hydrophobic rigid non-shrink urethane FSd2 B0[X| fuelt, 2 Jeivt fAl= L, 1=2(60T)of
materials Polyurethane resin M= 97 AlSiE 220N S0 SUR! S1AI0| ST E4
UG) UG-3|Acetone(CH;CoCHj3) = i A N
Other additives )\|°.:. A= RG-11F RG-3 AlHOIM 2H 17 EE(Qd0,
-2k H AleiE 25 54 sl et

E4 Aigs A
5.3.2 AHIEZ|(CG) EXiE
=2 OFEE AR g1, Iﬁ( —20C)o M= 97 Al 25

E*IHEQl 2 MRS T | 95t AS2 MNE 25 S| P2 T2(60C)oM= 20| Y
ML 20C, T2 60T)2 71502 20T 60CE 2a|= SIHM Bixjet A& Hatet ZetE AY0| LIEIRTE F4 Al
L1| 1AI1ZE B0°COA] 10A1ZF HX|, 60TCOIIA 20CTE Li2l=0]| 2A] Zik= OhS] AgH 25 S50 =2 ZRUCH
2t —20°COl|lM 5AIZF BX[6tm, —20TOoIM 20T E 22|=0| 14|
I2 1022 510 B 19412 S0F 20 MOI2S BEX o= Al

51 2= FEd Al
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Table 2. Status of the specimens after the thermal stability test

Division Naked-eye observation

Comprehensive judgment

Synthetic rubberized
gel grout
RG)

Low temperature(-20°C): maintaining gel condition
High temperature(60C): many flows down occurs
in all specimens(9)

materials
(CG)

Low temperature(-20C): maintaining the ice hard
conditions

High temperature(60°C): moisture evaporation, volume
change, cracking occurs

Acrylic-based repair
materials
(AG)

Epoxy-based repair -
materials
(EG)

Low temperature(-20C): maintaining the ice hard
conditions
High temperature(60°C): distinct volume change, body
separation

Urethane-based
repair materials
UG)

UG-1 UG-2

Low temperature(-20C): maintaining the ice hard
conditions
High temperature(60°C): distinct volume change, body
separation

5.3.3 OIZEA(AG) Bz

= QPN AR 21} M2(-20T)of M= 22 HHZ R
UKL, AREA ECh= GESIX| UL, 22(60C)0IME S
=52 o Y= Hel7|E M2, 1= PEEEM F3eh Mo
Hatet XA Hal7t LT, &4 Algl Zal= AG-19] ER 7t
o B2 HalE A7 & otz ils S22, Uis 4 =X
AL Ve Bz M20iM 29 22| TEEEAM Al
E7t HEi7t ZRACE AG-2= 30 ARH| 2F0IM EEUT,
AC-3E Vi FEn, 271 AlgiHE S4mX] A0

5.3.4 MIZAIAHI(EG) ETHE

=E PPN Alg 21, M2(-20C)0lIM= o= 3 B4l
oF S 22 HEl= |AI=RALL, 12(60T)0fM= FH8t
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Table 3. Status of the specimens after the permeability test
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Division

Comprehensive judgment

Synthetic rubberized gel
grout
(RG)

Presence and absence of water leakage

RG-1: Permeable(1), Impermeable(2)
RG-2: Permeable(3)
RG-3: Permeable(1), Impermeable(2)

Cement-based repair
materials
(CG)

CG-1: Permeable(3)
CG-2: Permeable(3)
CG-3: Permeable(3)

Acrylic-based repair
materials
(AG)

AG-1: Permeable(2), Impermeable(1)
AG-2: Permeable(3)
AG-3: Permeable(1), Impermeable(2)

Epoxy-based repair
materials
(EG)

EG-1: Impermeable(3)
EG-2: Permeable(3)
EG-3: Permeable(3)

Urethane-based repair
materials
UG)

 %|UG-1: Permeable(3)
J#|UG-2: Permeable(3)
~ |UG-3: Permeable(3)
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Table 4. Comprehensive results of the thermal stability test

Water tightness performance
Division Comprehensive results
S1 S2 S3
RG-1 x ([ [ ]
= Impermeable: 7EA(77.7%)
RG RG-2 e o hd = Permeable/Not test: 2EA(22.3%)
RG-3 X o [ )
CG-1 x X X
CG CG-2 x X X = Permeable/Not test: 9EA(100%)
CG-3 x X x
AG-1 @ X X . 0
= Impermeable: 7EA(77.7%) — Impermeable: 13EA(29%)
AG AG-2 X X X = . o = Permeable/Not test:
Permeability/Not test: 2EA(22.3%) DEA(T1%
AG-3 ° x ) (71%)
EG-1 ( o [
= Impermeable: 3EA(33.3%)
EG EG-2 - - - = Permeable/Not test: 6EA(66.7%)
EG-3 x X X
UG-1 x X x
UG UG-2 X X X = Permeable/Not test: 9EA(100%)
UG-3 X X X
Note: Impermeable: @, Permeable/Not Test: x
0| Y5t E2 AUX| 2ol FE A= THELC, 0 ZHAle| 2
off LAEA Bzl FAIEs iE HEH AN 2 &
40i et 2ot AEJt 0|F0{T 2 AIZE|0joF & Aoz Tt B oL ZENEE ZIEIHHTIAIAO| X711 | X[ RI(16RERP-
Ect, B082204-03)01| 2laf| 42l =S
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