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ABSTRACT 

 
This paper presents the results of an experimental investigation carried out to study the effect of acidic environ-
ment on recycled coarse aggregate (RCA) concrete, in which the natural coarse aggregates were replaced by 
weight with 0%, 50% and 100% RCA. To study the performance of RCA concrete in acidic environment, com-
pressive strength test at 7, 14 and 28 days before immersion in acid, Weight loss assessment after immersion in 
acids at interval of 7 days and compressive strength loss assessment after immersion in 5% hydrochloric acid 
(Hcl) and sulfuric acid (H2SO4) mediums at interval of 7 days for 28 days were carried out. The results indicate 
that the compressive strength and weight decrease with increase in RCA replacements. Generally, specimens 
containing 50% RCA replacement shows a comparable performance with control specimens in acidic environ-
ment. 
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1. INTRODUCTION 
 

The use of recycled coarse aggregate (RCA) in replacing 

the natural coarse aggregate in concrete has become pop-

ular answer to many environmental problems caused by 

the large volumes of construction and demolition waste 

(Rao & Madhavia, 2013).  Research on the use of waste 

construction materials is very important since the waste 

materials are gradually increasing with the increase in 

population and urban development. The reasons that 

many investigations and analysis had been made on recy-

cled aggregate are because recycled aggregate is easy to 

obtain and the cost is cheaper than that of natural aggre-

gate (Sivakumar et al., 2014). 

The use of recycled aggregate generally increases the 

drying shrinkage and creep and decreases the compressive 

strength and modulus of elasticity of concrete compared 

to those of natural aggregate concrete (Murali et al., 2012). 

This is because, in RCA concrete, a certain amount of 

cement paste from the original concrete remains attached 

to the stone particles in recycled aggregate. This attached 

mortar is the main reason for the lower quality of RCA 

compared to natural aggregate (NA) (Malešev et al., 

2010), (McNeil & Kang, 2013) and (Soroushian, 2012). 

Concrete chemical resistance is considered as a measure 

of its durability and is increasingly being raised as an im-

portant issue (Murali et al., 2012). Concrete structures can 

come into contact with acidic solutions through wide 

range of ways such as in industrial manufacturing pro-

cesses or in sewages which are capable, under the correct 

conditions, of producing sulphuric acid. In general, there 

are many ways concrete come in contact with acid in 

practice. Concrete is not fully resistant to acids, in fact, all 

acids have impact on concrete. The impact may be dif-

ferent but certainly they all disintegrate concrete due to 

chemical reaction with the concrete constituents. 

Acids attack concrete by dissolving both hydrated and 

unhydrated cement compounds as well as calcareous ag-

gregate. In most cases, the chemical reaction forms wa-

ter-soluble calcium compounds, which are then leached 

away (Beddoe & Dorner, 2005). Some weak acids how-

ever can be tolerated, particularly if the exposure is occa-

sional. Several concrete elements have been reported to 

be susceptible to the chemical attack. These elements in-

clude foundation (groundwater containing sulphuric acid 

due to oxidization of pyrite in backfill), industrial floors 

of chemical plants, basement walls of buildings near 

chemical plants and superstructures (due to acid rain) 

(Bassuoni and Nehdi, 2007; Mohamed, 2009).  
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Also, the influence of the environment and concrete 

characteristics on chloride transport into concrete has 

been studied by the scientific community for several years 

(Massazza, 1993). It was ascertained that Concrete can be 

harmfully affected by chloride action due to leaching of 

the free calcium hydroxide which makes concrete porous 

and weak (Massazza, 1993). Chloride is believed to in-

crease the risk of corrosion of the steel reinforcement. 

Actually the concrete itself generally provides the em-

bedded steel with a high degree of protection against cor-

rosion. 

 

The aim of this research is to assess the performance of 

RCA concrete under chemical attack by studying its be-

haviour when exposed to acidic environment. 

2. MATERIALS AND METHODS 
2.1 Materials  

Ordinary Portland Cement of grade 35 was used in this 

study. The cement has a specific gravity of 3.15.The 

chemical a property of the Cement is shown in Table 1. 

 

Table 1: Chemical composition of the 

Ordinary Portland Cement 

 

Constituents 
% Oxide 

 

Al2O3 2.8 

SiO2 28.57 

CaO 79.12 

Fe2O3 4.28 

K2O 0.24 

MnO 0.01 

SO3 1.6 

LOI 4.05 

 

River sand was used as fine aggregate. The properties of 

the fine aggregates are shown in Table 2 and its grading is 

shown in Figure 1. 

Crushed stone aggregate of maximum size 20mm was used. 

The physical properties of the coarse aggregate used are 

shown in Table 2. The grading of coarse aggregate is 

shown in Figure 2. 

The recycled concrete aggregate was obtained from beams 

and columns of a generator house that was demolished to 

give way for road expansion. The required quantity was 

processed by breaking and crushing the concrete manually 

to nominal size of 20mm. All reinforcement embedded in 

the concrete and other materials such as wood etc were 

removed. The material was then graded and stockpiled. 

The physical properties of the recycled aggregate used are 

shown in Table 1. The grading of the recycled aggregate is 

shown in Figure 3. Portable water was used for mixing and 

curing. 

 

 

 

 

Table 2: Properties of fine, coarse and recycled aggregates 

 

S.No Properties Fine  

Aggregate 

Natural 

Coarse 

Aggregate 

Recycled 

concrete 

Aggregate 

1 Specific Gravity 2.45 2.79 2.27 

2 Water Absorption - 0.55% 3.01% 

3 Aggregate Impact 

value (AIV) 

- 18% 27.5% 

4 Aggregate crushing 

value (ACV) 

- 20.5% 24.5% 
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Figure 1: Grading curve of natural fine aggregate 

 

 
 

Figure 2: Grading curve of natural coarse aggregate 

 

 
 

Figure 3: Grading curve of recycled concrete aggregate 
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2.2   Mix Proportion 

The mix design of recycled aggregate concrete is not dif-

ferent from that of conventional concrete. Concrete to 

achieve a characteristic compressive strength of 25 

N/mm
2
 at 28 days was designed using the absolute vol-

ume mix design method. The natural coarse aggregate in 

the mix was replaced with 0%, 50% and 100% RCA by 

weight. 

 

2.3   Experimental Work 

To study the performance of recycled aggregate concrete 

in acidic environment, the following tests were carried 

out. 

i. Compressive strength test at 7, 14 and 28 days be-

fore immersion in acids (hydrochloric acid (HCl) and 

sulphuric acid (H2SO4)). 

ii. Weight loss assessment after immersion in acids 

(HCl and H2SO4) at interval of 7 days 

iii. Compressive strength loss test after immersion in 

acids at interval of 7 days 

 

2.3.1 Compressive strength test: Compressive strength 

tests were conducted on concrete containing recycled ag-

gregates with 0%, 50%, and 100% proportion by weight. 

The tests were performed on concrete cube specimens of 

sizes 100 x 100 x 100 mm. These cubes were prepared 

and cured in water in accordance with (BS1881-111:, 

1983) and tested at 7, 14 and 28 days in accordance with 

(BS1881-116:, 1983). Furthermore, slump test was con-

ducted on the concretes while at fresh state in accordance 

with (BS1881-102:, 1993) and density tests were also 

conducted at 7, 14 and 28 days. 

2.3.2 Weight loss assessment and compressive strength 

test after immersion in acids: Weight loss assessment and 

compressive strength test were conducted on concrete 

containing recycled aggregates with 0%, 50%, and 100% 

proportion. The tests were performed on the concrete cu-

be specimens. These cubes were prepared and cured in 

water for 28 days, after which three cubes from each 

mixture were immersed in 5% hydrochloric acid (HCl) 

and sulphuric acid (H2SO4) mediums and another three 

corresponding cubes were immersed in water. In order to 

minimize evaporation, these specimens were kept covered 

throughout the testing period. The weight of each speci-

men was taken at the interval of 7 days for 28 days dura-

tion. At the end of 28 days acid immersion, the specimens 

were tested for compressive strength. 

Acid resistance was then evaluated by determining the 

weight loss (WL) and compressive strength loss (SL) of 

the specimens using this equation: 

 

𝑊𝐿(%) =  
𝑤1 − 𝑤2

𝑤1

 𝑥 100           …      (𝟏) 

 

 

Where: w1 and w2 are the weights of the specimens (in 

kilograms) before and after immersion. 

 

𝑆𝐿(%) =  
𝑓𝑐1 − 𝑓𝑐2

𝑓𝑐1

 𝑥 100    …              (𝟐) 

 

Where: fc1 represents 28 days compressive strength of 

control specimens and fc2 is the compressive strength of 

the specimen after exposure to 5% (by volume) hydro-

chloric acid (HCL) and sulphuric acid (H2SO4) solutions 

for 28 days. 

  

 
3. RESULTS AND DISCUSSION 

3.1 The Physical Properties of the Natural and RCA 

Table 1 show that RCA has the lowest specific gravity 

when compared with the natural fine and coarse aggregates. 

Furthermore, the adhered mortar causes the RCA to have 

more water absorption than the natural coarse aggregate. 

The natural coarse aggregate has aggregate impact value 

(AIV), aggregate crushing value (ACV) of 18% and 20.5% 

respectively which are not far different from that of RCA 

which has AIV and ACV of 27.5% and 24.5% respectively. 

The lower AIV and ACV can be attributed to the rough 

surface texture of RCA which contains certain amount of 

mortar from the crushed original concrete. This attached 

mortar reduces the quality of RCA which leads to poor 

mechanical properties of RCA concrete (Rao & Madhavia, 

2013). Nonetheless, the values are clearly within the BS 

812 limits (BS882, 1983) for aggregates needed for 

structural concrete work. Figure 1 revealed that the natural 

fine aggregates falls within zone 2 of BS 882 grading 

limits (BS882, 1983). This indicates that the material is 

good for making concrete. Figures 2 and 3 for the natural 

coarse aggregates and RCA show that both aggregates 

contain similar size proportions with the RCA having more 

fines than the natural aggregates. This causes greater water 

absorption for RCA.  

3.2 Compressive strength, slump and density test of 

RCA concretes before immersion in acids 

The result of compressive strength, slump and density tests 

are shown in Figures 4, 5 and 6 respectively. The results 

show that there is marginal reduction in compressive 

strength, slump and densities of RCA concrete when 
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compared with natural aggregate concrete. As observed 

before, these reductions can be associated with the pres-

ence of mortar from the recycled concrete aggregates. The 

attached mortar reduces the quality of RCA which leads to 

poor mechanical properties. The attached mortar has 

higher water absorption due to the presence of higher 

percentage of fine particles which affects the slump and the 

density. The compressive strength reduces with increase in 

RCA replacements. This is in conformity with previous 

researches (Uche, 2008). The reduction in compressive 

strength can be attributed to factors such as smoother tex-

ture, rounder shape of NCA coupled with higher percent-

age of fine particles.  

 

Figure 4: Compressive strength of RCA concrete at various ages 

 

Figure 5: Slump of RCA concrete at various replacements 

 

Figure 6: Concrete density of RCA concrete at various ages
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3.3 Weight loss after immersion in acids 

The weight loss of RCA concrete cube due to immersion in 

both HCl and H2SO4 solutions for 28 days is shown in 

Figure 7. 

It can be observed that the weight loss is higher in H2SO4 

medium than in HCl medium. This implies that H2SO4 has 

higher deteriorating effect on concrete than HCl. It can also 

be deduced that the higher the RCA replacement the higher 

the weight loss. It can be observed that weight loss in 

concrete containing 50% RCA replacement is higher than 

that of 0% RCA by just 7% and 19% in HCl and H2SO4 

respectively. This shows that 50% RCA has comparable 

performance with control specimens in acidic environ-

ment. 

The loss of weight of concrete cubes in H2SO4 medium is 

due to ettringite formation (Chen & Lui, 2005). Sulphuric 

acid attacks Ca(OH) in concrete and form CaSO4 which is 

leached out of concrete easily. The calcium silicate hydrate 

reacts with H2SO4 to form fragile silica gel which is easily 

destroyed by external physical forces. The calcium sul-

phate formed by initial reaction can proceed to react with 

calcium aluminate phase in cement to form voluminous 

calcium sulphoaluminate (ettringite) which can cause 

expansion, cracking, loss of weight, loss of strength and 

disintegration of concrete. The chemical reaction involved 

in H2SO4 attack on cement concrete can be represented as 

follows (Rao & Madhavia, 2013): 

Ca(OH)2 + 2H2SO4 → CaSO4 · 2H2O   ...      (𝟑) 

3CaSO4 + 3CaO·Al2O3·6H2O + 25H2O → 

3CaO · Al2O3 · 3CaSO4· 31H2O        ...     (𝟒) 

Similarly, deterioration of concrete due to hydrochloric 

acid can be characterized by the following reactions 

(Sivakumar et al., 2014): 

2HCl + Ca(OH)2 → CaCl2 + 2H2O                (𝟓)    

 

 

Figure 7: Weight loss of RCA concrete immersed in HCl and H2SO4

  

3.4 Compressive strength after immersion in acids  

Figure 8 shows the result of the compressive strength of 

concrete containing RCA concrete after 28 days in water 

and in acids. The specimens in water have the highest 

compressive strength compared with the other specimens 

that were immersed in acid solutions. It is evident all 

specimens exposed to acidic environment exhibit lower 

ability to resist load in contrast to water cured specimens. 

The reduction in compressive strength can be attributed to 

the deterioration of the concrete due to acid attack on the 

matrix structure of the concrete as exhibited by equations 

(3) and (4). The compressive strength is higher in HCl than 

in H2SO4. Similarly, compressive strength loss is higher in 

H2SO4 than in Hcl as determined using equation 2, and 

shown in Figure 9. In other words, H2SO4 attacked RCA 

concretes more than Hcl. 
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Figure 8: RCA Concrete compressive strength at 28 days in water and in acids 

 

 

Figure 9: Compressive strength loss for various RCA replacements in acids 

 

4. CONCLUSIONS 

 

Based on the test results and discussions, the following 

conclusion can be drawn: 

i. There is a marginal reduction in compressive 

strength, slump and densities of RCA concrete 

when compared with that of natural aggregate 

concrete. The compressive strength reduces 

with increase in RCA replacements. 

ii. Weight loss was observed on all the specimens 

when they are exposed to 5% HCl and H2SO4 

acids for 28 days. The weight loss is higher in 

H2SO4 medium than in Hcl medium. It can also 

be deduced that the higher the RCA replacement 

the higher the weight loss and generally, speci-

mens containing 50% RCA replacement shows 

a comparable performance with control speci-

mens in acidic environment. 

iii. The effect of the H2SO4 and HCl acidic envi-

ronments on concrete is to decrease its com-

pressive strength and this loss increases as the 

RCA replacements increases.   
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