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Abstract  Research on recycled concrete aggregate 

(RCA) to replace natural coarse aggregate (NCA) is 

increasing recently, to reduce natural resource exploitation 

and environmental pollution caused by concrete waste. In 

order to develop the utilization of recycled aggregate 

concrete (RAC) in the marine environment, it is necessary 

to investigate its strength due to the penetration of chloride 

ions into the concrete. The aim of this study is to observe 

the effect of chloride diffusion in submerged conditions on 

compressive strength and modulus of elasticity of concrete 

using NCA and RCA. The 24 pieces of cylindrical 

specimens and 6 pieces of prism-shape specimen were 

made and wet cured for 28 days. The compressive strength 

test and modulus of elasticity test of concrete cylinders 

were carried out at the age of 28 days and then being 

immersed in 4% NaCl solution for 1, 3, and 5 months. In 

addition, the chloride concentration tests of concrete prism-

shaped were carried out with the same concrete cylinders 

treatments. The result shows that the compressive strength 

and modulus of elasticity of RAC were lower than those of 

natural aggregate concrete (NAC). Furthermore, the 

chloride diffusion into the concrete for exposure up to 5 

months, does not significantly affect the deterioration of 

the mechanical properties of RAC and NAC. 

Keywords  Chloride Diffusion, Recycled Aggregate, 

Compressive Strength, Modulus of Elasticity 

1. Introduction

Recycled concrete use is necessary in order to decrease 

the environmental impact of the construction industry. 

However, coarse aggregate from crushed concrete may 

lead to relatively high porosity in the concrete. For this 

reason, recycled concrete may seem detrimental to the 

durability of reinforced concrete structures, particularly 

when they are exposed to the marine environment. The 

high salt content in seawater reduces the strength and 

durability of concrete due to a reaction between elements 

in seawater and concrete mass. It causes that the concrete 

loses its mass, strength, and stiffness. The damage of the 

concrete over long periods impacts on decreasing of 

structure’s strength and shortening service life of the 

structures [1]. 

RAC is concrete that used recycled aggregate (RA) with 

a diameter up to 40 mm obtained by reclaiming the waste 

concrete by breaking it down with a stone crusher machine. 

Recycled aggregate which has diameter from 0.5 to 4.75 

mm is called recycled fine aggregate (RFA), and that of 

4.75 - 40 mm diameter is named recycled coarse aggregate 

(RCA). The ratio of the mass of RCA to that of NCA in 

percentage in mixed proportions of concrete is well-known 

by the replacement of RCA by mass. RAC research is still 

done in the scope of material properties; therefore, more 

studies about structures of RAC such as durability and 

behavior of RAC, flexure, shear, crack resistance, seismic 

resistance, and deformation are needed [1]. 
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The experiment that investigated the strength and 

durability of concrete containing recycled aggregate was 

conducted by Thomas et al. [2]. The variables used in the 

study were percentage of replacement of coarse aggregate, 

water-cement ratio and cement content. Compressive 

strength and modulus of elasticity were analyzed to find out 

the effect of the change of coarse aggregate with RCA in 

concrete. The study showed that decrease in the 

compressive strength was minimal (1.5%-5%) in case 25% 

of the natural aggregate was changed by RCA and the 

chloride penetration resistance of RAC decreased with the 

increase in RCA [2]. Another review of studies on RAC 

mechanical properties explained by Xie et al [3,4], 

concluded that the elastic modulus of RAC generally 

increases as an increase in its compressive strength, but 

these mechanical properties are influenced by RCA%. 

Furthermore, Xiao J et al. [5] have written an overview 

of RAC research. The result of the research by laboratory 

at Tongji University, China explained that the RAC’s 

strength development after curing for 28 days is less than 

that of NAC, since the bonding between the RCA and the 

new and old mortar is weak. Found that the RAC’s modulus 

of elasticity mostly reduced as the content of RCA 

increased, but the strain at peak stress was larger than that 

of normal concrete. Seawater containing chloride 

minimum affected accelerated strength development at an 

early age [5]. 

In addition, Ismail, S & Ramli, M. [6] tested the 

compressive strength when exposed to various curing 

conditions i.e. seawater and normal water. The result 

explained that exposure to seawater appeared to influence 

the deterioration of the RAC’s compressive strength in a 

marine environment. The compressive strength test of RAC 

and NAC were increased when compared to the 

compressive strength at 28 days of age. Moreover, the 

research on chloride diffusion into RAC with immersion 

method also has been done by [7, 8]. 

In order to develop the application of recycled concrete 

for sea submerged structures, research on strength of 

recycled concrete in the submerged zone in the sea at 

certain time is needed. In this study, research on strength of 

RAC with immersion in water containing chlorides to 

represent marine environment conditions was conducted. 

The mechanical parameters (compressive strength and 

modulus of elasticity) were obtained by laboratory 

experiments. This experiment is still rarely conducted by 

researchers before. 

The aim of this study is to observe the effect of chloride 

diffusion on the concrete mechanical properties i.e. 

compressive strength and modulus of elasticity of NAC and 

RAC. This research is focusing on the RAC’s strength in 

marine environment for up to 5 months of exposure by 

conducting research in the laboratory. 

2. Materials and Methods 

2.1. Materials 

The cement used in the concrete mixtures was Portland 

Composite Cement (PCC), and the fine aggregate used was 

natural river sand. Furthermore, two types of coarse 

aggregate have been used in this experiment i.e. the natural 

coarse aggregate (NCA) and recycled coarse aggregate 

(RCA). The maximum particle sizes of all the coarse 

aggregate were 20 mm. The RCA was reclaimed from 

waste concretes with the compressive strength around 25 

MPa. NCA and RCA used in the study can be seen on Fig.1. 

In addition, 4% NaCl solution was set up for simulated the 

marine environment. 

 

Figure 1.  Coarse aggregate, A) NCA and B) RCA 

The physical properties of fine aggregate, NCA and 

RCA are given in Table 1. 
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Table 1.  Material Properties 

Measured item Fine aggregate NCA RCA 

The maximum particle size (mm) 4.75 20.00 20.00 

Fineness Modulus 2.93 6.74 6,78 

Amount of clay (%) 0.05 - - 

Water content (%) 3.98 2.26 6.52 

Water content under SSD condition (%) 0.10 1.96 7.19 

Bulk specific gravity (kg/m3) 2.69 2.63 2.24 

Bulk specific gravity under SSD condition (kg/m3) 2.71 2.69 2.38 

Apparent specific gravity (kg/m3) 2.75 2.79 2.60 

Water absorption (%) 0.81 2.17 6.13 

Fill weight (gr/cc) 1.69 1.40 1.23 

  

Figure 2.  A) The grain size distribution of fine aggregate and B) The grain size distribution of coarse aggregate (NCA and RCA) 

The grain size distribution of RCA has been set to be the 

same as those of NCA. Then, the grain size distribution of 

fine aggregate and coarse aggregate is presented in Fig. 2. 

The fineness modulus of fine aggregate, NCA and RCA 

were 2.93, 6.74, and 6.78 respectively. The fineness 

modulus of fine aggregate has complied with ASTM C 

33/C33M-13 [9] requirement (2.3 - 3.1), while the split 

(NCA and RCA) have not complied with that of 

requirement (7.49 - 9.55). 

The bulk and apparent specific gravity of the NCA were 

identified as 2.63 kg/m3 and 2.79 kg/m3 respectively, while 

each value of the bulk and apparent specific gravity of the 

RCA were 2.24 kg/m3 and 2.60 kg/m3. It could be seen that 

when compared to NCA, the bulk specific gravity and the 

apparent specific gravity of RCA decreased by 15% and 

7%, respectively. 

The water absorption of RCA (6.13%) was higher than 

that of NCA (2.17%). The high-water absorption of RCA 

was caused by mortar attached to the RCA, therefore RCA 

become more porous than NCA. 

The concrete mix design for the experiment was 

described in Table 2. 

Investigating the effect of chloride diffusion into 

concrete on the strength of concrete was conducted by 

immersing the specimen in the chloride solution. The 

exposure liquid used in this experiment was 4% sodium 

chloride (NaCl) solution (prepared with a concentration of 

40g NaCl per liter solution). This exposure liquid was used 

for 1 period of immersion and then replaced by a new pure 

NaCl solution to ensure that cholesterol levels can be 

controlled. During immersion in chloride solution, it was 

important that the container was filled with the exposure 

liquid and closed tightly. 

2.2. Methods 

Preparation and mixing of NAC and RAC were 

conducted under laboratory conditions. The normal mixing 

aggregate (NMA) method was used for mixing the concrete. 

For the compressive strength test, the mix of NAC and 

RAC was cast in 24 cylindrical molds with a diameter of 

150 mm and 300 mm height. In addition, 6 pieces prism-

shaped concrete specimen (consisting of 3 specimens of 

NAC and 3 specimens of RAC) were made with a size of 

100x100x120 mm, for the concentration measuring of 

chloride in concrete due to the diffusion process after 
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immersed in a NaCl solution for a certain time. Then, all of 

the specimens were demolded after 24 hours and wet curing 

was carried out by soaking in water curing bath for 28 days 

according to ASTM C192/C192M-15 [10]. 

For the cylindrical concrete specimens, after curing was 

complete, 3 specimens of NAC and 3 specimens of RAC 

were subjected to a compressive strength test, whereas the 

other cylinder specimens were immersed in the calcium 

hydroxide (Ca(OH)2) solution (approx. 3 g/L) for 48 hours 

(2 days), according to ASTM C1556-03 [11], and this is to 

prevent any initial sorption effects when the specimens are 

first introduced to the chloride solution [12], so that in the 

chloride immersion later, the mechanism that occurs is only 

diffusion, not absorption. 

Furthermore, after in the immersion in calcium 

hydroxide, the samples were then immersed in the 4% 

NaCl solution for 30, 90 and 150 days. After each period 

immersion was finished, the specimens were subjected to a 

compressive strength test. The treatments on the cylindrical 

concrete specimens are described in Table 3. 

The compressive strength test was performed according 

to ASTM C 39-14 [13] using a Compression Testing 

Machine (CTM). The modulus of elasticity test according 

to ASTM C 469-02 [14] was also done at the time of the 

compressive strength test using a compress meter. 

Table 2.  Mix proportion of concrete 

Types of 

concrete 
w/c 

Cement 

(kg/m3) 

Fine aggregate 

(kg/m3) 

NCA 

(kg/m3) 

RCA 

(kg/m3) 

Water 

(kg/m3) 

NAC 0.5 410 735 1058 0 205 

RAC 0.5 410 684 0 985 205 

Table 3.  The cylindrical concrete specimens of NAC and RAC 

Specimens 

Treatment 
Concrete age at 

compressive strength test 

(days) 

Curing in water 

(days) 

Immersed in Ca(OH)2 

solution 

(days) 

Immersed in 4% NaCl 

solution 

(days) 

NAC-0-1 28 - - 28 

NAC-0-2 28 - - 28 

NAC-0-3 28 - - 28 

NAC-1-1 28 2 30 60 

NAC-1-2 28 2 30 60 

NAC-1-3 28 2 30 60 

NAC-3-1 28 2 90 120 

NAC-3-2 28 2 90 120 

NAC-3-3 28 2 90 120 

NAC-5-1 28 2 150 180 

NAC-5-2 28 2 150 180 

NAC-5-3 28 2 150 180 

RAC-0-1 28 2 - 28 

RAC-0-2 28 2 - 28 

RAC-0-3 28 2 - 28 

RAC-1-1 28 2 30 60 

RAC-1-2 28 2 30 60 

RAC-1-3 28 2 30 60 

RAC-3-1 28 2 90 120 

RAC-3-2 28 2 90 120 

RAC-3-3 28 2 90 120 

RAC-5-1 28 2 150 180 

RAC-5-2 28 2 150 180 

RAC-5-3 28 2 150 180 
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The compressive strength of concrete is the maximum 

compressive strength that concrete can bear per unit area. 

It can be calculated by dividing the maximum load carried 

by the specimen during the test by the average cross-

sectional according to ASTM C 39-14 [13]. 

Modulus of elasticity is a stress to strain ratio value to 

describe the ability of concrete to deform elastically due to 

loading. A large modulus of elasticity represents the 

capability to resist large stresses during loading under small 

strain conditions (a little chance of cracking), which was 

the ratio of the applied stress to the change in shape per unit 

length because of the applied stress. 

The modulus of elasticity based on ASTM C 469-02 [14] 

was calculated by following equation: 

              (1) 

Where E is chord modulus of elasticity (MPa); S2 is 

stress corresponding to 40 % of ultimate load (MPa); S1 is 

stress corresponding to a longitudinal strain 1, of 50 

millionths (MPa); 2 is longitudinal strain produced by 

stress S2.  

The modulus of elasticity for normal weight concrete 

may be taken as following equation [15]: 

               (2) 

Where Ec is modulus of elasticity (MPa); fc’ is 

compressive strength of concrete (MPa). 

For each prism-shaped concrete specimen, after curing, 

five surfaces were coated with polyurethane based paint, 

except one surface as the exposed surface (illustrated in Fig. 

3) to assure one-dimensional chloride diffusion into 

concrete. Furthermore, the full immersion of the specimens 

into Ca(OH)2 solution for 48 hours and then immersion into 

4% NaCl solution for 30, 90, and 150 days were carried out 

according to ASTM 1556 [11], illustrated in Fig. 4. 

After that, sampling of concrete powder for 

measurement of chloride content in concrete was carried 

out by drilling at a depth of 10, 20, and 40 mm from 

exposed surface according to ASTM 1152 [16]. 

Measurement of chloride content in concrete was carried 

out using the argentometric method according to ASTM 

D512-12 [17]. The treatments on the prism-shaped 

concrete specimens are described in Table 4. 

 

Figure 3.  The prism-shaped concrete specimen 

 

Figure 4.  Immersion of the prism-shaped concrete specimen in NaCl 

solution 

Table 4.  The prism-shaped concrete specimens of NAC and RAC 

Specimens 

Treatment 
Concrete age at chloride 

concentration test 

(days) 
Curing in water 

(days) 

Immersed in Ca(OH)2 

solution 

(days) 

Immersed in 4% NaCl 

solution 

(days) 

NAC-1 28 2 30, 90, 150 60, 120, 180 

NAC-2 28 2 30, 90, 150 60, 120, 180 

NAC-3 28 2 30, 90, 150 60, 120, 180 

RAC-1 28 2 30, 90, 150 60, 120, 180 

RAC-2 28 2 30, 90, 150 60, 120, 180 

RAC-3 28 2 30, 90, 150 60, 120, 180 
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3. Results 

3.1. Compressive Strength 

Firstly, the compressive strength test was carried out on 

28 days of age of 3 NAC and 3 RAC specimens (without 

being immersed in NaCl solution). Whereas the immersion 

in 4% NaCl solution was carried out on the other specimens 

after curing in a water bath for 28 days and immersion in 

Ca(OH)2 for 48 hours finished. Then, the compressive 

strength test was carried out on those specimens after being 

immersed in NaCl solution for 1, 3 and 5 months (or at the 

age of 60, 120 and 180 days). The average compressive 

strengths of 3 NAC specimens and 3 RAC specimens 

respectively at each concrete age are illustrated in Figure 5. 

From Fig. 5, it is known that the compressive strength of 

RAC is lower than NAC which is in accordance with 

[2,5,6]. This reduction is due to the RCA particles having 

lower specific gravity than NCA particles. 

The compressive strength of RCA can reach more than 

20 MPa (about the minimum compressive strength to be 

used as structural concrete) after 60 days, when compared 

with the compressive strength of NAC which is more than 

20 MPa can be achieved at the age of 28 days, it can be 

related to longer time required by the RAC to attain the full 

hydration. 

Most of the compressive strengths of NAC and RAC 

tend to increase as the concrete ages although immersed in 

NaCl solution up to 5 months. These results were similar to 

Ismail and Ramli’s research [6]. The reason for these 

results, when the concretes were more than 28 days old, 

although chloride penetration occurred, the hydration 

processes were still ongoing together with the binding of 

chlorides to the compounds contained in the concrete, so 

that the strength of the concretes can increase. Chloride ion 

contained in concrete can improve concrete strength and 

result a slightly higher early strength but a lower long-term 

strength [18]. 

 

Figure 5.  The compressive strength of concrete 
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However, there is a decrease in compressive strength at 

60 days of age (after 1 month of immersion) when 

compared to those at 28 days of age, this is in line with the 

result of Ikumapayi’s research [19]. In this case, in the 

initial conditions of immersion there is a chemical reaction 

between chloride ion with hydration product of cement 

(C3A and Ca(OH)2) that formed calcium chloroaluminate 

(3CaO.Al2O3.CaCl2.10H2O), it is also called as Friedel’s 

salt, which fills the concrete pores. Then, the expansion, 

micro cracking and spalling of the concrete can occur due 

to crystallization stresses induced by Friedel’s salts. 

Furthermore, leaching of calcium hydroxide Ca(OH)2 

occurred due to NaCl exposure on concrete. Ca(OH)2 is the 

hydration product of cement (aside from C-S-H gel), which 

easily reacts with other compounds such NaCl. The 

reaction of chloride with Ca(OH)2 formed calcium chloride 

(CaCl2), a crystalline solid which highly soluble in water. 

Another possibility of leaching of Ca(OH)2 can occur 

because it has a greater solubility in a chloride solution than 

in water and gets leached out making the concrete porous 

and reducing its mass. The Friedel’s salt formation and 

calcium leaching have destructive effects on the concrete 

strength and damage [19-27]. The concretes, which are 

continuously immersed in chloride solution or seawater, 

are more affected by leaching than expansion [27]. 

The chemical reaction between NaCl and C3A in 

concrete that formed Friedel’s salt is as follows [24,25]: 

Ca(OH)2 + 2NaCl = CaCl2 + 2Na+ + 2OH− 

3CaO.Al2O3 + CaCl2 + 10H2O  

3CaO.Al2O3.CaCl2.10H2O 

C-S-H gel dominates the physical binding of chloride 

due to the adsorption of chloride ion to the C-S-H. C3A and 

C4AF are dominant in the chemical binding of chloride ion. 

The chloride binding capacity of C4AF is one third of that 

of C3A [27]. 

 

Figure 6.  Efflorescence on the surface of concrete specimens 

The leaching of Ca(OH)2 and other compound of cement 

paste that react with chloride can lead the salt deposits 

formation on the concrete surface (in the form of a white 

deposit), known as efflorescence [20], as shown in Fig. 6. 

This efflorescence can be mar the concrete appearance. 

Furthermore, after the specimens were immersed in 

NaCl solution for 5 months, looks like it has started to grow 

fungus / moss on the surface of the concrete, as shown in 

Fig. 7. Therefore, in case of the immersion time is 

lengthened for more than 5 months, there will be 

weathering of concrete due to the fungus / moss which is 

attached to the surface of the concrete. 

 

Figure 7.  The fungus / moss on the surface of the specimen  

3.2. Modulus of Elasticity 

The modulus of elasticity of concretes was measured 

along with the compressive strength test according to 

ASTM C-469 [14]. The decreasing of cylinder specimen’s 

longitudinal length during loading was measured using a 

compress meter to investigate the strain of concretes. 

The average modulus of elasticity of 3 NAC specimens 

and 3 RAC specimens respectively at each concrete age 

resulting from experiments are presented in Fig. 8. 

From fig.8, the result of modulus elasticity test of NAC 

specimens varies from 20 to 30 GPa, consistent with the 

previous studies of Mehta [26]. 

The modulus of elasticity of RAC specimens was lower 

than those of NAC, these results were in accordance with 

the results of research by Schoppe and Xiao et al. [5,28]. 

One of the important factors affecting the modulus of 

elasticity of concrete is the strength of concrete [27]. The 

quality and quantity of the aggregates ultimately determine 

a concrete specimen’s modulus of elasticity [28]. In this 

case, the RCA has lower specific gravity than NCA and the 

compressive strength of RAC was lower than those of NAC, 

so that the RAC’s moduli of elasticity were lower than 

those of NAC. 

NAC’s modulus of elasticity decreased at 60 days of age 

(after 1 month of immersion) when compared to those 
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without immersion (at 28 days of age). However, it 

increased after 3 and 5 months of immersion (at 120 and 

180 days of age). 

Most of the experiment results presented that the NAC’s 

& RAC’s modulus of elasticity kept on increasing as the 

concrete ages, so it can be stated that the chloride has little 

effect on the modulus of elasticity of RAC and NAC under 

up to 5 months exposure. 

Figure 9 shows the stress-strain curves of concrete. It is 

known that there is the strain of the peak stress of RCA 

higher than those of NAC, it has been similar to the results 

of Xiao et al. research [5]. 

 

Figure 8.  Modulus of elasticity of concrete  
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Figure 9.  Stress–strain curves, A) at age of 28 days, B) at age of 60 days, C) At age of 120 days and D) at age of 180 days 
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Figure 10 shows the comparison between the results 

from the modulus of elasticity test of concrete using the 

ASTM C-469 method and the value estimated as (2). 

Most value results from the experiments (using ASTM 

C-469’s formula) were smaller than the value estimated 

based on (2). It could be caused because the ASTM C-469’s 

formula uses the stress and strain parameters when the 

concrete is in an elastic condition, while (2) use the 

parameters of the concrete at the ultimate compressive 

strength condition. This result is also in accordance with 

Vu et al research [29]. Furthermore, according to ACI 318-

14 [30], measured values of modulus of elasticity from the 

experiment can range from 80 to 120 percent of predicted 

values. 

 

 

Figure 10.  Comparison of modulus of elasticity between prediction values and experiment results, A) NAC specimens and B) RAC specimens 
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3.3. Relationship between Mechanical Properties and 

the Chloride Content in the Concrete 

From the test of chloride content in concrete, then the 

relationship between the compressive strength of concrete 

and average chloride content in the concrete from 3 NAC 

specimens and 3 RAC specimens respectively, were 

illustrated in Fig. 11. 

From Fig. 11, the chloride contents in RAC were higher 

than those of NAC, due to the RAC is more porous than 

NAC, this is in accordance with the results of the study of 

Silva et al. and Villagrán-Zaccardi et al. [4,31]. 

In fact, most of the compressive strengths of specimens 

are kept on increasing as the chloride concentrations in the 

concrete. The hydration processes still occurred in the 

concrete even though chloride penetration occurs, so that 

the strength of the concretes kept on increasing. 

The chloride content in concrete (NAC and RAC) after 

being immersed in NaCl solution for 30, 90 and 150 days 

at a depth of 40 mm has not exceeded the chloride threshold 

value, which is 0.6 kg/m3 for reinforced concrete structures 

and 3 kg/m3 for unreinforced concrete. 

In case of the chloride content has exceeded the 

threshold value condition, the chloride ions greatly effect 

on the corrosion of steel reinforcement. Whereas chloride 

concentrations of the order of 0.6 to 0.9 kg/m3 in concrete, 

are sufficient to cause dissolution of the reinforcing steel 

protective passive film [26,27]. If the corrosion occurred in 

the steel reinforcement, it is followed by micro cracking, 

spalling and damage to the concrete. After that the concrete 

will lose its strength. 

According to IS 456 of 2000, for concrete not containing 

embedded metal or any material requiring protection from 

chloride, the limit of chloride content of concrete is 3.0 

kg/m3 [27]. 

4. Conclusions 

The main goal of the current study was to observe the 

effect of chloride diffusion on the compressive strength and 

modulus of elasticity of recycled aggregate concrete (RAC). 

The result of RAC's mechanical properties was then 

compared with NAC to identify the strength of RAC that to 

be used as structural concrete in the marine environment. 

The finding of the study has concluded the following: 

The compressive strength and modulus of elasticity of 

RAC are lower than those of NAC, due to differences in 

the mechanical properties of RCA and NCA. The specific 

gravity of RCA is lower than that of NCA, and RCA is 

more porous than NCA. The compressive strength and 

modulus of elasticity of the concrete greatly depend on the 

quality and type of coarse aggregate used. 

The mechanical properties of RAC and NAC (i.e. the 

compressive strength and modulus of elasticity) still 

increase along with the concrete ages although in the 

condition of being immersed in the 4% NaCl solution up to 

5 months. The continuous hydration process in the concrete 

results in the strength of the concrete kept on increase along 

with the age of the concrete. Chloride ion contained in 

concrete can improve concrete strength. Up to 5 months of 

exposure, the salt that contained in the pores of the concrete 

has not caused pressure on the concrete, so that expansion, 

micro cracking and damage have not happened yet in the 

concrete, therefore most of mechanical properties of 

concrete are not decreased. 

 

Figure 11.  Relationship between the compressive strength of concrete and average chloride content in the concrete 
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The research shows that chloride diffusion into concrete 

in exposure up to 5 months condition, is not significantly 

affecting on deterioration of the mechanical properties of 

RAC and NAC. It is found that there is a decrease in the 

compressive strength and modulus of elasticity at few 

specimens at 60 days of age (caused by the occurrence of 

physical and chemical binding of chlorides with 

compounds in concrete, as well as the leaching of hydration 

products of concrete at the time of initial immersion in 

NaCl solution). On the other hand, there was an increasing 

of compressive strength and modulus of elasticity at most 

specimens, although specimens are immersed in NaCl 

solution at the age of 120 and 180 days (because of 

continuously hydration process in the concrete despite 

chloride penetration). 
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