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Abstract— Due to the rapid urbanization, the demand for 

infrastructure such as housing, road, transportation, water 

supply & sanitation has increased rapidly. In this scenario, 

the recycling of Construction and demolition wastes prove 

to have the possibility to conserve the use of natural 

resources and also leads to reduction in energy consumption. 

The recycling of aggregate and its use in construction 

technology gives sustainable & economical results, 

particularly where there is a scarcity of construction 

aggregate. In this paper, the durability of recycled aggregate 

concrete & its importance has been discussed with the help 

of various research works. Various research has been done 

to compensate for the lower quality of the recycled 

aggregates. Using aggregates obtained by crushing and 

sieving concrete cubes, the analysis of recycled concrete 

aggregates on some durability related properties were 

determined. The behaviour of recycled aggregate concrete 

under various durability tests such as sorption test, chloride-

ion penetration test etc., has been investigated. With the 

incorporation of mineral admixtures like GGBFS, flyash the 

durability studies made and the optimum amount of these 

admixtures for maximum performance has been illustrated. 
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I. INTRODUCTION 

Concrete is the most popular material used in the 

construction industries, the trend of rise in construction and 

demolition wastes and the mass production of cement are 

the most critical issues that create an impact on environment 

and cause depletion of natural resources. The amount of 

wastes from construction and demolition industry produced 

every year are tremendously high and their production is 

increasing every year. Large quantities of waste materials 

and by-products like fly ash, GGBFS etc., are generated 

from industrial processes. We are wasting majority of these 

materials obtained by dumping as landfills which causes 

shortage of dumping place. One way to make efficient 

utilization of these waste materials is the sustainable 

construction. It considerably reduces the problem of 

shortage of dumping place and also simultaneously it helps 

in the preservation of natural aggregate resources. So, if the 

construction and demolition wastes are being used instead of 

natural aggregates and ground granulated blast furnace slag 

is used as partial replacement to cement without affecting 

the mechanical properties of concrete it will provide various 

economic and environmental benefits. 

Many researchers have studied the effect of various 

admixtures like slag on concrete properties and reported 

encouraging results for the replacement of cement with slag 

in concrete. 

To make the construction industry more 

sustainable, it has been inferred from various researchers 

that use of waste concrete in the field of construction gives a 

striking solution concerning sustainability. Because of the 

fact that, there is scarcity of natural aggregates in some 

countries & also because, it destroys the aesthetics of 

landscape by surface extractions, hence it is inevitable to 

discover a different source of aggregates for the concrete 

production. 

Different materials as a substitute to the cement 

were developed and tried in the field of concrete 

construction to minimize the usage of cement thereby 

reducing environmental problems. Most of the studies have 

focused on durability characteristics of concrete by 

replacing either cement or its ingredients separately. But in 

this paper, the combined replacement of both cement and 

coarse aggregate done by use of GGBFS & fly-ash and also 

with the use of superplasticizer the performance of concrete 

was evaluated. 

Degradation due to water is an important durability 

aspect for RCA in certain applications such as trenches and 

road base. Chloride ion (Cl−) is the principal agent capable 

of causing corrosion process on steel reinforcement 

embedded in concrete elements and thereby reducing its 

durability. Chloride penetration in concrete can occur by 

diffusion if the element is submerged in salt water or by 

capillary suction if it is exposed to marine aerosol. In 

concrete structures, reaction between the hydrated products 

of the cement paste and the carbon dioxide present in the 

atmosphere causes deterioration of concrete. This reaction 

reduces the pH of the pore solution, thus resulting in 

corrosion of the reinforcing steel bars which in the end 

decreases the service life of the structure. Also, the 

structures are mainly affected mostly by freezing & thawing 

as in case of RCA because of low porosity. The resistance of 

concrete against sulfate soundness is also an important 

parameter for durability. Therefore, the concrete specimens 

made with various percentages of recycled aggregate and 

with the addition of admixtures such as GGBFS were 

subjected to durability tests for all the above discussed 

deterioration factors. 

II. DURABILITY TESTS 

A. Sorptivity test: 

This test was performed as per the guidelines of ASTM 

C1585 to determine the resistance of concrete against 

capillary suction. Dimensions of specimen were chosen as 

100 mm dia and 50 mm height & were cut at the top and 

bottom of the 100 mm x 200 mm cylindrical concrete and 

were kept for preconditioning by drying the sample for a 

period of 7 days at 50°C in an oven and were allowed to 

cool for three days in a sealed container. The surface of 

concrete sample at top and sides were sealed with a tape. 

The initial mass of the sample was noted and it was kept 

immersed in water at 5 mm depth from the bottom ensuring 

that only the water exposed face was the bottom. The 

readings of the mass of the sample were taken periodically 

by removing the sample with great care. The quantity of 



An Overview on Durability Studies of Recycled Aggregate Concrete 

 (IJSRD/Vol. 5/Issue 06/2017/139) 

 

 All rights reserved by www.ijsrd.com 544 

water absorbed by the concrete was determined by the 

difference in the mass over different immersion periods. A 

graph was plotted by taking gain in mass per unit area as the 

ordinate and the square root of the elapsed time as the 

abscissa.  Trend line was drawn to get a slope equation and 

hence the sorption coefficient. Similarly the graphs were 

drawn for the other mix combinations to find the sorption 

coefficient. The specimens were also tested by addition of 

supreplasticizer.  

 
Fig. 1: Specimens under sorptivity test 

B. Chloride ion penetration test: 

The permeability of recycled aggregate concrete was 

determined by Rapid chloride ion permeability test (RCPT). 

The test was done as per the guidelines of ASTM C1202 

with concrete specimens having dimensions as 100 mm dia 

and 50 mm as its height cut from 100 mm x 200 mm 

concrete cylinder. Specimens were kept in test apparatus and 

a constant DC voltage of 60V for 6 hours was applied. The 

test apparatus consists of two reservoirs, one has NaCl 

solution with concentration of 3.0 % and the other has 

NaOH solution of 0.3M. The total charge passing through 

the specimen was measured.  

 
Fig. 2: Chloride ion penetration test apparatus 

C. Carbonation test 

Carbonation is a process which occurs due to the presence 

of carbon dioxide various chemical reactions, which leads to 

reduction of pH in concrete. The cementitious binder plays a 

key role in reduction in pore solution pH and it is strongly 

related to its acid neutralization capacity. Since carbonation 

process can be very slow, the use of an acceleration chamber 

with controlled internal environment was chosen. 

Carbonation depth is usually determined by colorimetry by 

spraying an acid-base indicator on a freshly cut sample. The 

permeability of concrete, moisture content, CO2 content and 

also relative humidity are the factors governing the rate of 

the carbonation. 

The ends of the specimens were sealed with an 

epoxy resin, and were kept in a carbonation test apparatus 

consisting 4% CO2 by volume, according to RILEM CPC-

18. The specimens were taken out from the chamber after a 

period of 28 days and 90 days. The carbonation depth was 

measured by spraying phenolphthalein solution on the 

freshly split samples. The portion of concrete showing a 

different colour compared with other area means the 

concrete has undergone carbonation at that specific area, and 

then using a caliper gauge, the depth of carbonation can be 

measured.  

 
Fig. 3: Carbonation test 

D. Freeze-thaw resistance test 

The testing of specimens under freeze-thaw test was done by 

placing the specimens under freeze-thaw chamber. The 

metal boxes filled with water was to be used and the 

specimens were inserted into & the water was kept up to 3 

mm above the upper face of the concrete specimens, 

according to ASTM C666 (2003). The specimens were 

subjected to repeated cycles of freezing & thawing placed in 

the freeze-thaw chamber. 

With the reduction in W/C ratio, use of air 

entraining agents (AEA), adequate curing and the selection 

of durable aggregates, the freeze-thaw resistance of concrete 

can be improved according to ACI201.2R (2001) and 

ACI365.1R (2000). The higher the water cement ratio for a 

particular degree of hydration or the lower the degree of 

hydration for a particular water cement ratio, the higher the 

volume of large pores in hydrated cement paste and, 

therefore, accordingly the amount of water is available to 

freeze according to Mehta and Monteiro (2006). Therefore, 

concrete with higher water cement ratios or under worst 

curing conditions has lower freeze thaw resistance, as the 
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experimental data obtained by Verbeck and Klieger (1957) 

suggests. The total content of voids doesn’t matter, instead 

the distance between them is what matters (Mehta and 

Monteiro 2006). 

 
Fig. 4: Specimens subjected to free thaw cycles 

E. Soundness test 

The soundness test was done by first preparing solution at 

250C or higher & then cooling the solution to 21‐22 ºC. 

Keep the solution for 48 hours at a cooler temperature. 

Wash and dry sample to constant weight at temperature of 

110ºC. Separate the sample according to specific size & then 

recombine the sample for a total weight. Immerse sample in 

the solution 16 to 18 hours in a freezing temperature. Drain 

the sample for a period of about 15±5 minutes. Keep the 

sample to dry at constant weight at 110 ºC & then cool the 

sample to 20-25 ºC. Repeat the procedure for about 5 cycles 

of immersion and drying. The test is to be conducted 

according to (ASTM C88. 2013b) guidelines using Sodium 

Sulfate salt. For concrete aggregate, the weight loss was 

limited when aggregates were subjected to five alternate 

cycles of soaking and drying in sulfate solution. The test can 

be performed using sodium sulfate or magnesium sulfate.  

III. ANALYSIS OF TEST RESULTS 

A. Sorptivity test 

The sorption resistance for RAC was found to be less 

compared to NAC. Whereas when RAC combined with 

GGBFS, the improvement in resistance against sorption was 

in the range of 21%, 24% and 27% for 25, 50 and 100% NA 

with recycled aggregates replacements respectively. The 

results for absorption with the addition of superplasticizer 

were found to be 13.7% for NAC, 17.2% with the addition 

of 100RACSP0 and 100RACSP1, and 17.5% with the use of 

100RACSP2 (Daniel Matias et al 2014). The RAC had 

higher water absorption level compared to NAC. Neither the 

incorporation of the superplasticizers, nor the type of 

superplasticizers had an effect on the water absorption since, 

all recycled aggregate concrete mixes absorbed about 17% 

of water. 

 
Fig. 5a: Behavior of RAC under sorptivity test 

 
Fig. 5b: Behaviour of RAC for sorptivity test 

B. Chloride ion penetration test 

The test was conducted for various proportions of GGBFS 

and the optimum percentage of GGBFS was found to be at 

50% replacement by mass of cement. The test conducted by 

use of superplasticizers gave results that showed 

superplasticizers had a positive affect that it helps to 

compact the cement paste and prevent the chloride ion 

penetration that might be at higher levels because of the use 

of only RA. With the use of SP1 (standard superplasticizer) 

a penetration depth similar to that of the NAC (variation 

2.5%) was achieved, the SP2 (high-performance 

superplasticizer) resulted in a lower depth of penetration and 

thus opposed chloride ion penetration more effectively at 

(18.1%). Due to the presence of polycarboxylic polymers in 

SP 2, whose dispersion mechanism is mainly due to steric 

hindrance, the dispersion effect is higher than that of SP1, 

which acts due to the mechanism of electrostatic repulsion. 

 
Fig. 6: Behaviour of RAC under chloride ion penetration 

test 

C. Carbonation test 

It was observed that the depth of carbonation of concrete 

increases with the increase in recycled aggregate content. 

The depth of carbonation was found to be increased with the 

help of replacement ratio. Moreover, when fly ash was 
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employed as a partial replacement of cement and an addition 

of cement increased the depth carbonation of concrete. 

There were significant differences between the mixes 

(100RACSP1 and 100RACSP2 versus NAC) with the type 

of evolution of the depth of carbonation of concrete versus 

the time of exposure. The incorporation of superplasticizers 

had an influence on the depth of carbonation at the 

beginning, when the NAC mix recorded the highest depth of 

carbonation. The efficiency of SP1 (standard 

superplasticizer) for long-term analysis was found to 

decrease and depth of carbonation greater than that of the 

NAC were found. Ultimately, the incorporation of 

superplasticizer produces a more homogeneous concrete. 

The type of superplasticizer also influences the carbonation 

resistance. 

D. Freeze-thaw resistance test 

Twelve concrete mixes with a replacement ratio of 0% 

(reference concrete - RC), 20%, 50% and 100% were 

produced namely C20R, C50R & C100R. The concrete 

produced having normal strength was found to show zero 

resistance to freeze-thaw, regardless the rate of replacement 

of NA by FRCA. Water Cement ratio played an important 

role than by the type of aggregate used for resistance against 

freeze-thaw. Surface scaling found to have more severe 

affect in concrete with FRCA, due to less resistance of 

mortar. This concludes the fact that FRCA may not be 

adequate for few situations like pavements, where surface 

scaling was more severe impact by use of de-frosting salts 

(Verbeck and Langdren,1960). With the incorporation of 

FRCA, the internal freeze-thaw resistance of concrete did 

not decrease. 

 
Fig 7: Behaviour of RAC under freeze-thaw test 

E. Soundness test 

According to the guidelines of ASTM C33, the use of 

magnesium sulfate is limited to the loss in weight of coarse 

and fine aggregate to 18% and 15%, respectively. 

Corresponding weight loss were 12% and 10% when 

sodium sulfate was used. It was found that weight loss for 

sulfate soundness was about 3% when coarse aggregate was 

employed compared with 5% for corresponding use of 

virgin aggregates. The weight losses for magnesium sulfate 

soundness were 0.9% to 2.0% for coarse recycled 

aggregates, which was derived from a number of different 

pavements. Coarse aggregates were sieved to different sizes 

and the ones retained on each sieve were exposed to 4 cycles 

of soaking in the solution and drying in air. The range of 

weight loss was about 20 to 40 %. The loss in volume due to 

exposure from deicing agents are due to higher porosity 

lower strength of aggregates indicated by the high 

absorption. 

IV. CONCLUSIONS                               

1) The strength gain of concrete at the age of 90 days 

improves with cement replacements above 20% with 

GGBFS than the concrete used without GGBFS. The 

concrete produced with 40% GGBFS yielded higher 

strength at the age of 90 days than other RAC mixes 

with GGBFS.  

2) The resistance against sorption for RAC was found to 

be less compared to NAC. Whereas when RAC 

combined with GGBFS, the improvement in resistance 

against sorption was in the range of 21%, 24% and 27% 

for 25, 50 and 100% NA with RA replacements 

respectively.  

3) From the detailed study, it was inferred that concrete 

with 40%GGBFS and 50% RA yielded better results 

compared to other combinations and was found to be 

optimum. 

4) It was found that with the help of Mix Design 

Nomogram (MDN) given by Helene and Monteiro 

(1993) allowed the researchers to produce a good 

comparison of durability properties of NAC and RAC 

also provided optimum performances for given mix. 

5) When RA was combined with GGBFS, maximum 

resistance against chloride ion penetration was observed 

at higher replacement (50%) of cement with GGBFS to 

an extent of 12% for 25 to 100% NA replacements. 

6) The depth of carbonation strongly on chemical 

composition of concrete and not only its physical 

aspects. 

7) By incorporation of GGBFS & Flyash, it was found that 

they provide excellent resistance against chloride ion 

penetration, carbonation. It can be concluded that the 

incorporation of GGBFS & Flyash, it was found that 

they provide excellent resistance performance of RAC 

can be improved by addition of these admixtures within 

given limits. 

8) The CO2 gas penetration doesn’t entirely depend on 

porosity but also on its chemical aspects. 

9) The incorporation of superplasticizers influenced the 

depth of carbonation at the beginning. 

10) The use of high cement content lead to a more compact 

matrix and a better interface quality that limits influence 

of recycled aggregates in the transport process of 

environmental aggressive agents. 

11)  Concrete produced with 40 and 60 % of recycled 

aggregate were tested 56 cycles & found to have 

satisfied XF3 exposure class as well. 

12) The air entrainment has shown has shown little 

improvement in free-thaw resistance. 

13) The RAC can be produced with target strength and 

carbonation depths comparable to those of a NAC. 

However, to do this, a greater amount of cement is 

required in the RAC’s production to compensate the 

RA’s high porosity. A different approach would be by 

decreasing the W/C ratio with just enough quantity of 

cement. To achieve this, the superplasticizers have to be 

incorporated to maintain similar workability. 

Fig 6: Behavior of RAC under sorptivity test  
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14) The incorporation of coarse RCA found to have no 

effect on the depth of carbonation, i.e. the age of 

concrete material at processing doesn’t matter, the 

concrete produced will have similar resistance to 

carbonation. properties of NAC and RAC also provided 

optimum performances for given mix. 
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