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Introduction 

 

In the harsh snowy region, the de-icing salt, typically consists 

of sodium chloride (NaCl), is applied to clear up the of snow 

and ice on the surface of the highway road. The chloride ions 

present in the de-icing salt could penetrate to the concrete pore 

solution and accumulate until the oxide layer on the steel 

reinforcement surface broken. In addition, numerous studies 

has reported that the alkali content in the deicing chemical such 

as Na+ could cause severe deleterious expansion because of the 

alkali silica reaction (ASR)[1]. The product of this reaction is 

called ASR gel that has an ability to imbibes water for 

expanding, consequently induce an internal pressure in 

microscale, thus microcrack is generated. Accordingly, the 

microcrack formed may be accountable to accelerate the 

chloride ingression. Hence, the chloride diffusion coefficient is 

an important parameter for assessing the damage severity 

caused by ASR and chloride ingress. 

 This study aims to evaluate the synergistic effect of ASR 

and chloride-induced corrosion in regard to the chloride 

diffusion on high-strength precast concrete and effect on fly ash 

addition. Half-potential cell measurement, the expansion test 

and the total chloride measurement were carried out to obtain 

necessary parameters to calculate diffusion coefficient through 

certain methods.  

 

Experimental Methodology 
 
Specimen Preparation 
Reinforced concrete specimens were prepared by three mix 

proportions namely, H, H(A), and FB(A) in Table 1. High early 

Portland cement was used as the binder for all specimens. 

Andesite is prepared as reactive aggregate to initiate ASR 

pairing with crushed limestone with pessimum amount of 

30:70 by mass. Fly ash follows the JIS A 6201 Type II, and 

partially used as cement in FB(A) with the substitution ratio of 

20% by mass. Five specimens were prepared for each series. 

Two steel reinforcements of a diameter of 19 mm were 

arranged in two layers to simulate concrete slab. Steam curing 

was performed in which the maximum temperature was 

maintained for 4 hours under 65⁰C followed by water curing 

for 13 days. Then specimens were air-cured until tests. 

 

Chloride penetration test with corrosion monitoring 
At first specimens were subjected to freezing and thawing 

cycles for 98 days to simulate frost damage. Then chloride 

penetration test was conducted at 40⁰ C as shown in Fig.1. The 

corrosion monitoring was conducted by exposing 10wt.% of 

NaCl from a supply cell to the center part of the specimen. 

Chloride measurement was conducted to obtain the total 

chloride content by using titration measurement with after cut, 

crushed, and grinded at the termination of the tests.  

 

 

 
Fig 1. Salt supply cell using 10wt.% NaCl  

 

Half-potential cell measurement was performed 

continuously by using a portable corrosion meter (PCM) as a 

high impedance voltmeter connected to a steel reinforcement 

and a reference electrode of Pb/PbO2. The purpose of this test is 

to evaluate the corrosion activities of steel reinforcement 

embedded in each specimen through potential difference.  

 

Results and Discussion 
 

Hall-cell Potential and Chloride Profile 
Among 5 corrosion specimens tested in each series, H3, H(A)-4 

and FB(A)-4 were evaluated in this study. Table 2 shows the 

results of the time when the passive layer on the steel was broken 

for both up and dawn rebars. t1 was judged based on the ASTM 

while t2 was based on the sharp drop of the potential.  It is clearly 

shown that the upper rebar in H(A)-4 is corroded in the earliest 

time followed by FB(A)-4, and H3 respectively as indicated by 

UT. This can be explained due to the presence of ASR 

microcrack that may accountable for accelerating the chloride 

penetration at early age. 

 

Table 2. Time of the break of the passive layer on the steel 

for the upper and lower rebar 

Type UT (mV vs CSE) DB (mV vs CSE) 

t1 (days) t2 (days)  t1 (days) t2 (days) 

H3 378 294 588 462 

H(A)-4 140 126 672 588 

FB(A)-4 273 196 714 336 

 

 

Table 1. Mix Proportion of the Specimens 

Type W/(C+F) 

(%) 

FA 

Cont. 

(%) 

Aggr. 

Cont.  

(%) 

Unit weight [kg/m3] 

W Binder G S ASR 

Agg. C FA 

H 

(ASR) 

40.0 - 46.0 160 400 - 809 681 292 

FB 

(ASR) 

35.0 20 45.0 154 352 88 772 676 290 

H 40.0 - 46.0 160 400 - 838 966 - 



 

Fig 2. Chloride profiles of H, H(A) and FB(A): Center 

 

However, the potential of H3 dropped first before HA-4, 

followed by FB(A)-4 at the later age. Hence, fly ash addition 

shows a significant effect in mitigating the chloride 

penetration, owing to the reduction of ASR. 

Several cracks were observed which confirm the specimen 

has been corroded when the specimens were cut to measure the 

chloride concentration along the concrete cover at the center 

part and 5 cm apart from the side part. The chloride profiles 

obtained are provided in Fig 2 and 3 respectively. It is a 

common sense that ASR occurs more dominant that chloride-

induced corrosion on the side part of the concrete as it only 

exposed by NaCl on the center part. It is noticed that H concrete 

exhibited the highest chloride content consistently in all depth 

in comparison with H(A) and FB(A). 
According to the expansion test result, H(A) suffered more 

severe expansion rate than FB(A), thereby the addition of fly ash could 

improve the durability properties in concrete against ASR damage[2-

3]. The maximum expansion rate obtained in this test is 0. 237% and 

0.271 for FB(A) and H(A) respectively. It is also revealed that 

ASR damage has occurred even in early age of the testing in 

the presence of reactive aggregate. In accordance with the 

corrosion testing specimen, ASR would probably accelerate the 

chloride diffusion, especially at the early age. 

At the center part, the chloride content of FBA-4 shows 

the lowest chloride content, especially below the upper rebar, 

while the chloride content in H3 and HA-4 are relatively 

similar. This result is also confirmed by the visual observation 

showing a large corrosion crack on the top surface of all 

specimens, but less micro crack on the bottom side of FB(A) 

compared to H and H(A). 

 

Chloride diffusion coefficient 
The diffusion coefficient (Dd) formula accounts to the crack 

formation established by Japan Society of Civil Engineering 

(JSCE) standard exhibited in Eq. 1 is validated in this research. 

 

 …(1) 
Where  

λ =  increasing factor of cracks on Dd, 1.5 ,D0 = 400 cm2/yr 

γc = 1.0, w/l= expansion rate (%), Dk= diffusion coefficient at 

sudden Eº drop by JSCE (cm2/yr) 

 

 

 
Fig 3. Chloride profiles of H, H(A) and FB(A): Side 

 

This formula is principally used for cracked concrete due to 

external stress given, resulting in widh per length change. 

However, in this research ASR damaged-concrete is attempted 

to be validated within this formula to relate its applicability. 

It can be said that the chloride diffusion in H specimen before 

potential drop started is a representation of H(A) before the ASR 

started. Thus, by employing Dnc of H the 2.59 cm2/year of Ddnc 

of H(A) is obtained. This value is reasonable as not significantly 

different from Dnc in H(A). Therefore, this formula is applicable 

in regard to the ASR damaged-concrete. 

In regard to the corrosion crack, the diffusion coefficient of 

FB(A) and H(A) is calculated by employing Dnc before the 

sudden potential drop started. In comparison, the Ddnc obtained 

in FB(A) is 3.3 cm2/year while H(A) is 4.67 cm2/year which is 

overestimated and underestimated respecively as that of 

experimentally-obtained Dc.  

 
Conclusion 
 
1. ASR could amplify the chloride diffusion when the chloride 

ions were about to break the passive layer of the steel 

reinforcement according to the sudden drop of half-cell potential 

measurement. 
2. Fly ash could reduce the chloride penetration and ASR 

damage as compared to concrete without fly ash. 
3. The calculation of diffusion coefficient by JSCE formula 

(Ddnc) showed similar chloride diffusion coefficient obtained 

by experiment using expansion test result. 
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