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Influence of Carbonation of Concrete on Electrical Resistivity
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Abstract

Electrical resistivity of concrete can be measured in a more rapid and simple way for estimating durability of the concrete,
however, carbonation causes a result of misleading for durability testing because carbonation leads to a significant reduction in the
permeability and porosity of concrete.

The purpose of this study is to estimate and quantify the effect of carbonation of concrete on a surface electrical resistivity
measurement. Samples of three mixes with difference w/c were prepared and exposed in a carbonation chamber for 330 days. The
results show that carbonation leads high electrical resistivity. The increase is substantial and has been shown to proportional to the
extent of the carbonation by some of extent. The relationship between electrical resistivity and carbonation depth is taken in the
study. Resistivity ratio of carbonated concrete to air concrete decreased significantly from the specific carbonation depth, however,
resistivity ratio of carbonated concrete to air concrete had a linear relation with carbonation depth.

From the relationship between electrical resistivity and carbonation depth, it is expected that the result should be subsequently
used as a calibration curve for estimating carbonated concrete to overcome the interruption effect of carbonation on regular
measurements of the electrical resistivity.
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Table 1 Effect of carbonation on concrete durability

Effect Consequences for durability of structures Consequences for durability testing

Reduction of alkalinity causes reincorcement corrosion detected with phenolphthalein solution

causes carbonation rate to decrease. Surface durability tests such as Initial Surface Absorption

Decrease in transport coefficients . . C . . R . .
P Reduction of chloride and sulphaste transport is significant | will give misleading indication of improved durability

causes chloride adsorption to decrease. Determined from ratio of total chloride content to free

Decrease in chloride adsorption . . L. .
Risk of reinforcement corrosion is very severe. chloride content.

Measurements of resistivity and rest potential give misleading
Decrease in electrical resistivity questions results. Reliahility of electrical chloride migration tests
could be affected

threnten durability, in particular, penetration of harmful

Shrinkage can cause cracking substances through micro—cracks
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Table 2 Mixing proportion of concrete

Air Slump Unit weight (kg/m®)
w/ec
(%) (cm) Water | Cement | Sand Gravel
4.5%0.5 1561 0.45 185 411 706 1001
4.5%0.5 1561 0.50 185 370 720 1021
45105 151 0.55 185 336 732 1038 Fig. 1 Vacum chamber
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Fig. 2 Measurement of electrical resistivity in concrete

Table 3 Chloride ions penetrability (AASHTO TP 95)

Chloride ion 100mm *200mm 150mm % 300mm
penetrability Cylinder (K2 - cm) Cylinder (KQ - cm)
High <12 <95
Moderate 12 ~ 21 9.5 ~ 16.5
Low 21 ~ 37 16.5 ~ 29
Very low 37 ~ 254 29 ~ 199
Negligible > 254 >199
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Fig. 3 Carbonation depth of concrete specimen
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Fig. 4 Electrical resistivity of carbonated concrete

SR ESFTSA|pE| 28k =28 H18H M53(2014. 9) 29



80 ——W/C 0.45

—&—W/C 0.50
——W/C0.55

70

60

40 |

30 |

Electrical resistivity (KQ-cm) .

20

10

0 100 200 300
Time (days)

Fig. 5 Electrical resistivity of carbonated concrete (average
value)
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Fig. 6 Relationship between electrical resistivity ratio of
carbonated concrete to air concrete with elapsed time
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Fig. 7 Relationship between electrical resistivity ratio of
carbonated concrete to saturated concrete with elapsed
time
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