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Abstract 

 
Recycled concrete aggregates have inferior qualities compared with the natural aggregates, mainly attributed due to the porous nature of 

the attached cement mortar. In previous researches treatment of recycled aggregates are done using concentrated nitric acid, hydrochloric 

acid and sulphuric acid but they showed less view on acetic acid which is eco-friendly and also removes more adhered mortar in the 

recycled aggregates. The aim of this investigation is to determine the strength characteristics of Recycled Concrete Aggregates(RCA) 

which have been treated using low concentration acetic acid solution (1% solution and with immersion duration of 1 and 3 days).  The 

treated aggregates are tested for compressive strength, split tensile strength, water absorption, impact strength and bond strength for a 

curing period of about 7 and 28 days. 

 

1. Introduction 

Concrete is used almost everywhere mankind has a need of 

infrastructure. In developing countries like India there is a huge 

requirement for construction materials and also more construction 

debris is generated every year, which became a serious issue as it 

acquires huge space as well as pollutes the environment. 

Recycling of this debris as recycled concrete aggregates help to 

solve environmental impacts. The researchers say that recycled 

aggregate requires more water for the same workability of natural 

aggregate concrete because of the mortar attached in the aggregate 

[1]. Due to the mortar attached in the aggregates it has some 

inferior qualities present with the natural aggregates. The recycled 

aggregate is highly porous in nature due to the adhered mortar and 

also it introduces some undesirable properties to the recycled 

aggregates especially higher crushing value, higher water 

absorption and less strength [2-4]. Due to this properties the 

recycled aggregates has to be treated and viable way to improve 

the quality of concrete. 

A few methods have been developed to treat the recycled 

aggregates are chemical treatment, freeze and thaw effect and 

thermal treatment [5-12]. From all those methods they all have 

some drawbacks like in thermal treatment[10,11] they release 

large amount of carbon-di-oxide, in freeze and thaw effect[6,7] 

even the mortar is removed about 70%-80% but the process 

duration is more. Coming to the chemical treatment [5,8,9] low 

concentration acid solution is used (nitric acid, hydrochloric acid 

and sulphuric acid) where they are immersed for certain duration 

so that mortar attached to the recycled aggregate is removed. 

Treatment using this acid poses a threat to safety of workers and 

also causes durability issues to concrete.   

In order to overcome the existing chemical treatment methods use 

of low concentration acetic acid solution is proposed in this 

investigation so that good quality recycled aggregates can be 

produced and it can be free from the detrimental ions [13]. It is 

cleaner, safe and causes no hazard to the safety of workers.  

Addition of mineral admixtures may also interpret with the 

concrete rheological properties like performance, strength and 

workability [14]. The major objective of this paper is to confirm 

optimum dosage period of concentrated acetic acid to treat the 

recycled aggregates and to determine the optimum replacement 

level of natural aggregates with recycled aggregates on the 

strength characteristics of concrete [15]. 

2. Experimental Investigation 

Materials 

Ordinary Portland cement (OPC) grade 43 was used as the main 

binder for concrete with specific gravity of about 3.15, which is 

locally available in Thanjavur, India. The coarse RCA are 

collected from the nearby demolished building and they are been 

crushed to respective sizes. The fine aggregate used is 

manufactured sand which is also locally available with a specific 

gravity of 2.81. The chemical admixture used is polycarboxylate 

based super plasticizer which is a highly water reducing agent.  

 

Process of Treatment 

RCA samples are oven-dried and then they are immersed in acetic 

acid solution of a concentration of 1% at ambient temperature 

with 1 and 3 day immersion duration. At the time of treatment the 

acetic acid react with the recycled aggregates and emits carbon-

dioxide gas forming gas bubbles as shown in fig.1.a. The sample 

is remained undisturbed for 1 and 3 days. After the specified 

immersion duration the aggregates are taken out and they are 

placed in hot air oven for a period of 3h and then kept at room 

temperature until the aggregates becomes cool. The treated 

aggregates are shown in fig.1.b. Then, the sample is shifted to Los 

angel’s abrasion testing machine and 50 complete rotations and 

they are sieved in 12.5 mm sieve to separate fine aggregate from 

the coarse aggregate. Only the Coarse RCA’s are used for the mix. 

The material properties of RCAs are mentioned in Table 1 
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(a) 

 

 
(b) 

Fig. 1(a): Recycled aggregates under treatment, (b) Treated Recycled 
Aggregates 

 
Table 1: Test investigation of Natural aggregates and Recycled aggregates 

Test investigation 

of aggregates 

Natural 

Aggregates 

1% acetic acid treated 

1 day 

immersion 

3 day 

immersion 

Abrasion test 2% 5.17% 5.60 

Water Absorption 0.5% 2.94% 2.25% 

Specific Gravity 2.73 2.45 2.41 

Aggregate Impact 
Value 

16.12% 39.40 37.50 

Aggregate Crushing 

Value 

20.14% 28.40 25% 

Fineness Modulus 7.51 8.29 8.2 

From the test investigation it is come to know that the immersion 

duration does not show a major difference in the material 

properties of the aggregates. There is also no loss in weight 

difference from the both the samples of treatment. Hence it is 

sufficient to do concrete mix 1% acetic acid treated recycled 

aggregates with one day immersion period. 

 

Mix Proportion 

The mix design is done as per IS code 10262:2009 [16] and grade 

of concrete is M40. Constant effective water cement ratio of 0.40 

is used for all the mix proportions as shown in Table 2. Concrete 

cubic specimens of size 100mm, cylinders of diameter 100mm 

and 200 mm height, cylinders with diameter 150mm diameter and 

60mm height and cube of size 150mm with 16mm diameter steel 

rebar were prepared for compressive strength test, splitting tensile 

strength, impact strength, bond strength and water absorption test. 

The Recycled aggregates are replaced with the natural aggregates 

at a percentage of about 25%, 50% and 75% by the weight of total 

aggregates.  

 
Table 2: Mix proportion of Recycled Aggregate Concrete with Natural 
Aggregate 

Mix 

No 

RCA 

% 

Mass in kg/m3 

Cement Sand NA RA Water 

M0 0 341.25 901.23 1136.89 0 136.50 

M1 25 341.25 901.23 852.67 284.22 136.50 

M2 50 341.25 901.23 568.45 568.45 136.50 

M3 75 341.25 901.23 284.22 852.67 136.50 

3. Results and Discussions 

Compressive Strength Test and Splitting Tensile Test 

The concrete cubic specimens and cylinders were casted 

conforming to the code[17]. The specimens were casted in order 

of the mix proportion as shown in table 2. The concrete is mixed 

using mixture machine and then molded into cubes of size 100mm 

and cylinders with 100mm diameter and 200mm height. The 

specimens are kept in curing for a period of 7 and 28 days. The 

test results are shown in Table 3. From the results obtained we can 

see that the compressive strength will attain maximum when the 

RCA is replaced with NA up to 50% when compared to the other 

replacement percentage. In the Splitting Tensile Strength the 

tensile strength is increasing up to 25% replacement with natural 

aggregates. This is because the acid treated recycled aggregates 

obtained good quality and attached mortar is removed from the 

aggregates. 

 
Table 3: Compressive and Split Tensile Strength Test Results in N/mm² 

Mix 

Compressive strength 

test 
Splitting Tensile Strength 

7 days 
28 

days 
7 days 28 days 

M0 31.96 45.6 3.62 4.5 

M1 37.7 47.2 3.74 4.98 

M2 38.6 50.4 3.59 4.17 

M3 29.32 39.5 2.8 3.45 

 

Water Absorption Test 

The Water Absorption test is done for concrete cubic specimens of 

size 100mm for curing period of 7 and 28 days and their results 

are shown in Table 4 and fig.2. Normally, Recycled aggregate has 

more water absorption when compare to that of natural aggregates 

due to the mortar present in recycled aggregates. From fig. 4 it is 

represented graphically that more the percentage replacement of 

RCA with NA then the water absorption will be more due to some 

of the mortar present in the aggregate and their porous nature. 

When the period of curing increases the water absorption also 

increases. 

 
Table 4: Water Absorption Test Results in percentage 

Mix 7 days 28 days 

M0 0.63 0.86 

M1 0.7 0.94 

M2 0.95 3.22 

M3 1.4 3.74 

 
Fig. 2: Water Absorption Test 

 
Bond Strength Test 

The Universal Testing machine is used to test the Bond Strength 

between the Concrete and Steer rebar. The cube is casted using the 

16mm diameter rod which is placed at the center and penetrated to 

bottom for 10 mm. The length of the rod can be up to 80 cm in 

length . The casting and test procedure is done as per IS 2770 

regulations [18]. The Peak load and the bond strength of the 

specimens are shown in the Table.5. The Bond Strength is 

calculated using the equation. 

Bond strength = 
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Where, P= Peak load in N, d= diameter of the rebar, l = embedded 

length of the specimen  

 
Table 5: Bond strength Test of concrete cube specimens in N/mm² 

Mix 
Bond strength 

7 days 28 days 

M0 6.45 5.04 

M1 6.39 5.15 

M2 5.34 5.55 

M3 8.78 8.22 

The bond strength for the recycled aggregate concrete with natural 

aggregate is attained high for the replacement percentage of 75% 

with the natural aggregates. This is due to the poor bonding with 

aggregate and the rebar and also when the period of curing 

increases the bond strength tends to decrease due to corrosion in 

the bar. 

 

Impact Strength Test 

Cylindrical Specimens of size 150mm in diameter and 60 mm 

height are used for impact energy test as per ACI 544 codal 

provisions [19]. The test setup is shown in Fig.5 which consists of 

2 metal balls of weight 3.56 kg and 2.86 kg and impact base. The 

ball with more weight is blown at a height of 571mm from the top 

of small ball and placed above the specimen, this procedure is 

repeated until the sample is attained to first crack and the failure 

and number of blows is noted. The impact energy absorption of 

each specimen was calculated using the given equation [20]. 

Impact Energy U= 
      

 
 …            (1) 

Where, n = number of impacts, V = impact velocity and m = drop 

mass  

The empirical relationship to calculate the impact energy can be 

given as follows,  

 

H = 
   

 
                       …(2) 

V = g.t and m = W/g   …               (3) 

Where, V is the velocity of the hammer at impact, g is 

acceleration due to gravity and t is the time required for the 

hammer to fall from the height 571 mm. Substituting 

these equations in equation (1) then the impact energy is been 

calculated as shown in table 6. 

 
Table 6: Impact Energy test results for concrete specimens in kN.mm 

Mix  
Impact energy 

7 days 28 days 

M0 162.44 162.44 

M1 121.8 162.44 

M2 203 243.66 

M3 182.7 203.05 

From the test results it come to know that recycled aggregates 

with 50% replacement with the natural aggregates are having the 

high impact energy when compared to that of the normal 

aggregates and also when the percentage of replacement increases 

more than it energy absorbed starts reducing but it is higher than 

that of conventional mix.  

4. Conclusion 

Acetic acid treated recycled aggregates were used as partial 

replacement for natural aggregates to achieve strength properties 

and conclusion is arrived.  

1. The removal of mortar attached to the recycled aggregates 

with 1%dosage of acetic acid solution is successful contributing 

that an immersion period of 1 day is sufficient determined from 

the test investigation of aggregates. 

2. The compressive strength of conventional concrete and the 

recycled aggregate concrete with a replacement percentage of 

50% obtains nearly similar strength. 

3. The Split tensile strength of Conventional concrete is higher 

than recycled aggregate concrete up to 25% replacement of natural 

aggregate with recycled aggregate . 

4. The Water absorption for concrete increases as the 

replacement level increases due to the some mortar present in the 

aggregates. 

5. The Bond strength is only increased at 75% replacement 

level with the natural aggregates and also the bond strength tends 

to decrease with increase in the curing period. 

6. The impact energy for recycled aggregate concrete 

specimens is calculated from the empirical relationship and it is 

denoted that 50% replacement with the natural aggregates has 

more impact strength further replacement level there is reduction 

in the impact strength. 

7. Increase in dosage level of acetic acid solution may also 

help in increase of strength which can be checked in the further 

studies. 
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