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Evaluation of Chemical Resistance Performance of Synthetic Rubber and Cement
Based Injection Repair Materials Used in Underground Concrete Structures

Soo-Yeon Kim', Yeon-Sil Lee?, Je-Young Song’, Byoungil Kim®, Sang-Keun Oh’*

Abstract: In this study, by using the international standards ISO TS 16774, Part 2 Test method for chemical resistance as a quality control method
of injection type repair material used for leakage crack of underground concrete structure, the performance requirement against of chemical environment
of underground concrete structures for repair materials was tested. For this testing 3 types for each of the 2 classes of repair materials(synthetic rubber,
cement), with a total of 9 types repair materials, were selected and examined. As a result, the test results showed that the smallest performance
deterioration by the change in the mass was with the synthetic rubber(RG) type as opposed to the cement type system, showing that the synthetic
rubber type had the strongest relative resistance to chemical exposure. Furthermore, it is necessary to investigate the material with high resistance to
chemical substances and to examine the material which can increase resistance to sodium hydroxide and sodium chloride in cement system. These results
can be used as a basic index for the selection of repair materials with the strongest resistance to chemical environment found in concrete structures.
In addition, it is expected that the test results derived in this study can be used as reference data that can be reflected in the quality improvement of
the maintenance material to be developed later.
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Fig. 3 Ground water contamination path from outside
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Table 1 Synthetic rubberized gel grout

Division Components Properties

- Solids: 85-90%
- High-viscosity + low-viscosity
non-curable composite liquid

Acrylamide, persulfate
(mixed with one or two
kinds of sodium,

ammonium, and gel
RG-1  potassium), asphalt, and - Diaphragm structure with a
other additives sawtooth structure (diaphragm
support structure)

- Volume expansion due to the
contact with water

- Solids: 95-99%
- High-viscosity non-curable
mastic asphalt

Asphalt, inorganic filler

for viscosity adjustment,

processor oil, asphalt

modifier, strength - Polar covalent bond structure

reinforcement agent, heat of hydrophilic and lipophilic
RG-2  resistance reinforcement groups

agent, adhesion

reinforcement agent,

anti-flow additives, used

tires, aqueous modifier,

etc.

- Solids: 90-95%
- Highly adhesive non-curable
bentonite rubberized asphalt

Asphalt, bentonite, oil,
RG-3  rubber, water-soluble
polymer resin, etc.
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Table 2 Cement-based Grout

Division Components Properties
Cement, accelerator, - Solids: 97-100%
fluidizing agent, water, - Specific gravity: 1.9-2.0

CG-1 other additives, etc. - Non-shrink grout non-base
material
Cement, sand, fluidizing - Solids: 95-100%
agent, expansion agent, - Specific gravity: 1.57
CG-2 mixing water, etc. - Fluidizing agent expansion
material
Cement, fluidizing agent, - Solids: 97-100%
curing regulator, water, - Specific gravity: 1.32
CG-3 other additives, etc. - Ultra-rapid water-stop
materials
I_--_ _-__u
T— b
c
* d

Photo 1 Chemical resistance test specimens(schale)

Table 3 ISO TS 16774 Part 2 specimen solution concentration

Chemical substance Solution concentration

HCL 2%
NHO; 2%
H.S0; 2%
NaOH 0.1%
NaCl 10%
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Table 4 Chemical resistance test result of synthetic rubberized gel

Table 7 Chemical resistance test result of synthetic rubberized gel

grout(HCL) grout(NaOH)
RG-1 RG-2 RG-3 RG-1 RG-2 RG-3
Division Division
® @ @ O @ o © © @ @ @ ® ©® 0 ©® © o O

M, 41.02 36.79 3498 52.54 55.56 45.89 18.59 18.99 24.15

My, 41.15 36.89 35.09 52.72 55.78 46.60 18.60 19.01 24.16
HCI

M, 013 0.10 0.11 018 022 071 001 002 001

Mg 032 027 031 034 040 155 005 0.11 0.04

M, 3798 3585 46.81 54.54 5893 61.18 18.66 17.43 18.39

M, 38.03 3592 46.82 54.56 58.96 61.22 18.73 17.51 18.50
NaOH

M, 005 007 001 002 003 004 007 008 0.11

Mg 0.13 020 0.02 0.04 0.05 007 038 046 0.60

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

(&

Table 5 Chemical resistance test result of synthetic rubberized gel

grout(NHOs)

RG-1 RG-2 RG-3

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

Table 8 Chemical resistance test result of synthetic rubberized gel

Division

o @ & ©® @ O O @ O

M, 38.62 39.20 43.22 47.09 56.24 52.10 21.43 2536 23.11

M, 38.63 39.23 43.38 48.93 57.69 53.44 21.46 2541 23.15
NHO;
M, 001 003 0.16 184 145 134 0.03 0.05 0.04

Mg 003 008 037 391 258 257 014 020 0.17

grout(NaCl)
RG-1 RG-2 RG-3
Division
@ @ ® ©® 0 ©® ©® o0 O

M, 4232 3729 36.67 50.24 43.97 42.59 20.55 16.12 19.64

M;, 4234 3735 36.68 50.25 44.00 42.62 20.58 16.17 19.71
NaCl

M. 002 0.06 001 001 0.03 003 003 0.05 0.07

My, 005 016 003 002 007 007 015 031 036

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

(&

Table 6 Chemical resistance test result of synthetic rubberized gel

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

Table 9 Mass Change Rate Ratio of Synthetic Rubberized Gel Grout

grout(H,SO,)
RG-1 RG-2 RG-3
Division
@ 2 o o @ @ O @ ©

M, 26.84 3093 25.87 37.75 3622 36.49 2522 31.61 18.61

M, 26.88 30.97 25.93 44.83 42.71 42.74 25.23 31.60 18.62
H,SO,

M. 004 004 006 7.08 649 625 0.01 -0.01 0.01

Mg 015 013 023 1875 17.92 17.13 0.04 -0.03 0.05

Division Mass Change Rate Ratio
HCL 0.04% ~ 1.55%
NHO; 0.03% ~ 3.91%
H,SO4 0.03% ~ 18.75%
NaOH 0.02% ~ 0.60%
NaCl 0.02% ~ 0.36%

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

a’
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Table 10 Chemical Resistance Test Result of Synthetic Rubberized

Table 13 Chemical Resistance Test Result of Cement Based Repair

Gel Grout(Average) Grout(H,SOy4)
Division RG-1 RG-2 RG-3 Division CG-1 CG-2 CG-3
HCL 0.30 0.76 0.07 ®» @ & ©® @ ©® O @ ©
NHO; 0.16 3.02 0.17 M, 4883 50.05 4885 30.17 31.52 3236 27.92 48.58 39.44
H,SO4 0.17 17.93 0.02 150, M, 5151 52.72 51.46 3336 34.86 36.19 30.17 51.34 4221
NaOH 0.12 0.05 0.48 M. 268 267 261 3.9 334 383 225 276 2.77
NaCl 0.08 0.05 0.27 M, 549 533 534 1057 1060 11.84 806 568 7.02

Note : Unit Average = %

Table 11 Chemical Resistance Test Result of Cement Based Repair

Note : v My, M, MC:g/Mqﬁ%

Table 14 Chemical Resistance Test Result of Cement Based Repair

Grout(HCL)
CG-1 CG-2 CG-3
Division
@ 2@ @ o @ 8 ©® @ 0

M, 43.09 4927 43.51 40.54 37.49 3559 36.79 24.55 38.15

My, 4447 50.74 45.13 43.98 41.14 39.19 38.34 2595 40.24
HCL

M, 138 147 162 344 365 360 155 140 2.09

My, 320 298 372 849 974 10.12 421 570 548

Grout(NaOH)
CG-1 CG-2 CG-3
Division
@ 2@ o o @ 6 O @ @

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

Table 12 Chemical Resistance Test Result of Cement Based Repair
Grout(NHO3)

M, 3720 41.60 47.11 3247 32.84 32.50 33.43 3521 40.21

M, 3893 43.47 49.51 36.24 36.96 36.53 36.32 38.15 43.49
NaOH

M. 173 1.87 240 3.77 412 403 289 294 3.28

Mgy 465 450 509 11.61 1255 1240 864 835 8.16

CG-1 CG-2 CG-3

Division

®© @ ® o @ @ © @ O

M, 48.79 54.14 50.88 29.02 36.04 32.68 40.82 53.28 45.50

M, 50.00 55.42 5222 31.36 3843 3543 427 55.78 47.49
NHO;

M, 121 128 134 234 239 275 1.8 250 199

Mg 248 236 263 806 663 841 461 4.69 437

Note : T9] 7] M, M, M.=g/ M=%
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Table 15 Chemical Resistance Test Result of Cement Based Repair
Grout(NaCl)

CG-1 CG-2 CG-3

Division

®© @ 6 o @ O ©® @ O

M, 54.80 53.38 40.33 34.68 33.02 34.24 36.39 24.55 38.15

M, 5843 56.87 42.72 39.19 37.51 37.95 4579 32.03 39.78
NaCl

M. 363 349 239 451 449 371 940 748 1.63

My 6.62 654 593 13.00 13.60 10.84 25.83 30.47 4.27

Note : v My, M, MC:g/Mqﬁ%

Table 16 Mass Change Rate Ratio of Cement Based Repair Grout

Division Mass Change Rate Ratio
HCL 2.98% ~ 10.12%
NHO; 2.36% ~ 8.41%
H,SO, 5.33% ~ 11.84%
NaOH 4.50% ~ 12.55%
NaCl 5.93% ~ 30.47%

Table 17 Chemical Resistance Test Result of Cement Based Repair

Grout(Average)
Division CG-1 CG-2 CG-3
HCI -3.30 -9.45 -5.13
NHO; -2.49 -7.70 -4.56
H,SO,4 -5.39 -11.00 -6.92
NaOH -4.75 -12.19 -8.38
NaCl -6.36 -12.48 -20.19

Note : Unit Average =%
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