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Quantifying Chloride Ingress in Cracked Concrete Using Image Processing

Kun-Soo, Kim', Ki-Tae Park?, Jaehwan, Kim®**

Abstract: Chloride, which is one of the main deterioration factors in reinforced concrete structures, can degrade the performance of the structure due
to chloride-induced corrosion of steel. Chloride content at steel depth or the rate of chloride penetration is necessary to determine deterioration of
reinforced concrete or to calculate initiation time of steel corrosion caused by chloride attack. Chlorides in concrete are generally identified with typical
two methods including chloride profiling using potentiometric titration method and discoloration method using AgNOj solution. The former is
advantageous to estimate chloride penetration rate (diffusion coefficient in general) with measured chloride contents directly, but it is laborious. In

the case of latter, while the result is obtained easily with the range of discoloration, the error may occur depending on workmanship when the depth
of chloride ingress is measured. This study shows that chloride penetrated depth is evaluated with the results obtained from discoloration method through

image analysis, thereby the error is minimized by workmanship. In addition, the effect of micro-crack in concrete is studied on chloride penetration.
In conclusion, the depth of chloride penetration was quantified with image analysis and as it was confirmed that chlorides can rapidly penetrate through

micro-cracks, caution is especially required for cracks in concrete structure.
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Table 1 Mix design
W/B fu fag S/ Unit weight (kg/m’)
a
(%) (MPa) (MPa) W C FA GGBS S G
45.8 27 30 52.7 168 220 55 92 919 897

W/B: Water/Binder, W: Water, C: Cement, FA: Fly Ash, GGBS: Ground Granulated Blast-furnace Slag, S: Sand, G: Gravel

Table 2 Chemical compositions

Chemical composition (%)

Si0, ALOs Fe;O; CaO MgO SO; LOI

OPC 22.0 5.3 34 63.4 2.1 2.0 0.8
FA 58.9 20.9 53 3.8 1.31 0.5 4.9
GGBS 334 15.8 0.6 41.8 5.3 1.5 1.5

Table 3 Properties of aggregates

Type Ginax (mm) Specific gravity (g/cm’) Absorption (%) FM.
Sand - 1.01 2.90
Gravel 25 0.82 6.87

F.M.:Fineness Modulus
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Fig. 2 Sample preconditioning
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Table 4 Mix design for chloride solution

Mixed chloride solution
(NaCl + CaCly)
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Fig. 3 Schematic of Sorption test
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Table 5 Experimental framework

Mix design  Cl concentration Cl exposure periods

Type Cl concentration NaCl (/L)  CaCly(g/L) (type) (%) (mins) Replicate
Low Cl 1% 14.6 1.9 1% 15, 30,60 3
Medium_Cl 2% 29.1 3.7 wie =0.458 2% 15, 30,60 3
(Concrete)
High Cl 4% 58.1 7.5 4% 15, 30,60 3
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Fig. 4 Image analysis procedure
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