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Examination for Controlling Chloride Penetration of Concrete
through Micro-Cracks with Surface Treatment System
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Abstract

For well-constructed concrete, its service life is along period and it has an enough durability performance. For cracked con-
crete, however, it is clear that cracks should be a preferential channel for the penetration of aggressive substance such as chlo-
ride ions accoding to author’s previous researches. Even though crack width can be reduced due to the high reinforcement
ratio, the question is to which extend these cracks may jeopardize the durability of cracked concrete. If the size of crack is
small, surface treatment system can be considered as one of the best options to extend the service life of concrete structures
exposed to marine environment simply in terms of cost effectiveness versus durability performance. Thus, it should be decided
to undertake an experimental study to deal with the effect of different types of surface treatment system, which are expected to
sedl the concrete and the cracks to chloride-induced corrosion in particular. In this study, it is examined the effect of surfaced
treated systems such as penetrant, coating, and their combination on chloride penetration through microcracks. Experimental
results showed that penetrant can't cure cracks. However, coating and combined trestment can prohibit chloride penetration
through cracks upto 0.06 mm, 0.08 mm, respectively.

Keywords : chlorides penetration, microcrack, surface treatment system, penentrant, coating
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Table 1. Material properties of Penetrant (PT)

Items Value
Main ingredient Silane
Turbidity below 1.0
Ratio of water sorptivity (KSF 4930) 0.05
Color Colorless
pH 8.3
Type Liquid

Table 2. Material properties of Coating material (CT)

Items Value
Main ingredient Polymer
Bonding strength (Mpa) 212
Color Light grey
Type powder + water
[ Surface treatment [ ] Concrete

(a) Coating (b) Sealer (c) Penetrant

Fig. 1 Type of surface treatment systems
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Table 3. Mixing proportion of concrete

28days strength Slump Ginex wic Unit weight (kg/ m°)
(MPea) (mm) (mm) Water Cement Sand Gravel
285 150+ 10 16 0.50 185 370 720 1021
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Fig. 2 Getting effective CMOD from the relationship between
loading force and target CMOD

Fig. 3 Investigation of crack depth
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Fig. 4 Working condition of surface treatment system
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Table 4. Experimental results

Crack scale Cl penetration depth Cl diffusion coefficient
(mm) (mm) (x10"8cm?/s)
Target W, CMOD W, d dx dr D1 D+
0.05 0.026 0.029 20.2 20.5 21 139 14.2
0.05 0.026 0.031 195 20.0 23.7 135 16.2
0.10 0.049 0.048 29.7 19.2 23.8 12.9 16.3
0.10 0.060 0.029 30.2 20.0 29.4 135 20.4
PT 0.10 0.052 0.042 28.3 185 26.6 124 184
0.15 0.101 0.057 35.3 18.8 38.1 126 27.0
0.15 0.101 0.061 38.9 20.0 36.7 135 25.9
0.20 0.121 0.051 47.1 20.8 39.0 141 27.6
0.20 0.127 0.064 40.0 20.9 37.2 14.2 26.3
0.05 0.025 0.022 16.2 14.3 131 9.3 85
0.05 0.025 0.020 11.2 147 15.9 9.6 105
0.10 0.055 0.0362 30.0 155 151 10.2 9.9
0.10 0.055 0.040 316 141 16.6 9.2 110
0.10 0.060 0.043 over 50 18.1 164 121 10.9
0.10 0.060 0.058 25.7 16.3 17.7 10.8 11.8
T 0.15 0.089 0.040 35.2 185 322 124 225
0.15 0.089 0.046 338 19.0 29.8 12.8 20.7
0.15 0.071 0.058 37.0 17.2 29.1 1.4 20.2
0.15 0.071 0.071 355 16.5 345 10.9 24.3
0.20 0.122 0.090 over 50 18.1 33.6 121 23.6
0.20 0.122 0.110 over 50 189 35.3 12.7 24.9
0.05 0.025 0.023 185 14.8 151 9.7 9.9
0.05 0.025 0.027 19.6 15.2 15.2 10.0 10.0
0.05 0.024 0.018 212 145 14.8 9.5 9.7
0.05 0.024 0.020 20.0 132 155 85 10.2
0.10 0.064 0.019 40.4 155 16.9 10.2 1.2
0.10 0.064 0.039 355 155 16.1 10.2 10.6
0.10 0.051 0.045 328 145 152 95 100
et 0.10 0.051 0.032 28.8 15.2 16.8 10.0 11.2
0.15 0.076 0.051 40.5 164 185 109 124
0.15 0.076 0.062 425 175 195 117 131
0.20 0.118 0.070 477 152 29.2 10.0 20.3
0.20 0.118 0.063 over 50 16.5 345 10.9 24.3
0.20 0.101 0.081 over 50 175 332 1.7 233
0.20 0.101 0.072 485 17.0 30.2 11.3 21.0
Notation
W, : crack width
W, : apparent crack width (measured by microscope)
d; : chloride penetration depth at non-cracked zone
d; : crack depth
dr : chloride penetration depth at cracked zone
D; : chloride diffusion coefficient at non-cracked zone
D+ : chloride diffusion coefficient at cracked zone
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Coating material

Concrete

Fig. 5 Thickness of coating material on surface concrete
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Fig. 6 Chloride profile of cracked concrete after RCM testing
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(a) PT

(c) PCT

Fig. 12 Chloride profile of concrete treaed with various
surface treatments at targeted crack width 0.15 mm
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