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ABSRACT 
Today construction industry faces shortage of aggregate. Construction industry produces 40% of total waste each year. This 
causes the severe environmental hazards and causes land fill issue. The possible solution is to reuse recycled concrete 
aggregate in place of natural aggregate, which reduces landfill disposal, conserving the primary resources and reducing the 
transportation cost and promote the sustainable development. Hence its need to study the structural properties of recycled 
aggregate concrete. Recycled aggregate are easily available and economical compared to other natural resources. Demolished 
structures, site tested concrete, pile cap demolished concrete are the good sources of recycled aggregate. This paper presents the 
findings of site tested RC Beam used as recycled aggregate with 100% replacement of natural aggregate. The flexural strength 
of RCA beam states higher deflection and higher strain than natural aggregate. 
   
Keywords:  Recycled aggregate concrete (RAC), Natural aggregate concrete (NAC),  Recycled Concrete (RC), 
Conventional concrete (CC), Construction & waste(CW), Coarse Aggregate(CA), Fine Aggregate(FA), Recycle 
Aggregate(RA), Construction and demolition waste(C&D), Interficial transition zone (ITZ), Technology, Information, 
Forecasting and Assessment Council (TIFAC) 

1 Introduction 
Increase in industrial development causes serious problems all over the world such as deletion of natural resources, 
increase in landfills with enormous construction and demolition activities. Scientific researchers studied recycled 
aggregate and proved that recycled aggregate is reliable alternate aggregate in production of concrete. Today 
construction faces the shortage of aggregate, as per (CPHEEO) central public health & environment engineering, the 
construction industry facing shortage of 55000million cubic meter aggregate. In addition, 750million cubic meter of 
aggregate would be required to achieve the target of road construction sector, which will lead to pressure to natural 
resource. Construction industry consumed high volume of raw materials and its impact caused to the Environment in 
very large. (CPHEEO Solid Waste Technical advisory, 2015).  

In construction industry the material cost is nearly 40-60% of project cost.  This cost saving potential for India is 
expected by adopting measure for C&D waste. The total quantity of C&D waste generated in India is estimated to 11.4 
to 14.69 million tons per annum, out of which 7 – 8 million are construction and brick waste. [Job Thomas ,Wilson 
P.M (2013)]. 

Technology information forecast assessment council (TIFAC, 2000) the total construction work in the country 5 year 
plan during 2006-2011 has estimated $847 billion. One of the way to arrest the natural aggregate shortage for the 
construction industry and reduce the C&D waste inland fill is to utilize the recycled aggregate in production of 
concrete. Concrete strength is affected by the coarse aggregate, hence it is necessary to study the mechanical properties 
of recycled aggregate concrete.  

2 ROLE OF RECYCLED AGGREGATE IN THE WORLD   
Globally, cities generate about 1.3 billion tones of solid waste per year and this is expected to be 2.2 billion tons by 
2025, says a 2012 report by worldbank. As per ministry of environmental and forest (MOEF) 2008 estimate 0.53 
million tons per day of waste generated in country. Central pollution control board has estimated current quantum of 
social waste generation in India to tune of 48million per annum and out of which construction industry only accounts 
for more than 25%. Hong Kong has serious land constraints and reduced needing disposal at landfills by 60%. 
Singapore has recycling rate of 98% of its C&D waste. South Korea, has effective recycling rate of 36% with target of 
increase 45% by 2016. European Union has rules EU2004 regulation for aggregate from natural, recycled and 
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manufactured material and reported that 20% of national consumption is from recycle material. In United Kingdom, 
Northern Ireland has set agency for production of aggregate from waste and achieved 28% of C&D waste reused every 
year. US, New York has stringent measure like forces developers to segregate waste at site, dismantle and not demolish. 
In 2010 ministry of environmental and forest (MOEF) shows Scotland have recycled about 63% in 2000. Denmark and 
Nether land has 80% of C&D waste. In Japan 95% of waste concrete reused. [C&D waste India, 2014].  

3 Properties of concrete with recycled concrete aggregates:  
The research of structural members made of recycled aggregate concrete (RAC) was conducted from the 90s in many 
countries. In 1994, in Osnabruck, Germany built the first apartment building constructed with recycled aggregate 
concrete. At the turn of 1993/94, Switzerland was the first country with the normalized standards of the use of RCA. 
Beams made of RAC cracked earlier and showed greater deflection as compared to natural aggregate. The concrete 
strains in the most stressed compressive zone of such beams, were higher by about 45% of the strains in the reference 
beams made of natural aggregate with lower flexural capacity of 5 to 7%. Based on this research studies, model RC 
beams were prepared with High Strength-High Performance Concrete (HSC-HPC). Test result shows that decreasing 
values of deflections in the range 12 to 22% compared natural aggregate. Inclusion of HSC-HPC in the compressive 
zone of RC beams revealed that flexural capacity greater about 34% and significantly increase flexural stiffness 
influencing strains and lesser deflections in the range of 20 - 40% deflections compared to natural aggregate. [Andrzej 
Lapko, Robert Grygo, 2013] 
European standard for aggregate in concrete EN 12620 states recycled aggregate defined as ‘aggregates resulting from 
processing of inorganic material previously used in construction’. Standard method of mix design used for natural 
aggregate can be used for design of RAC mixes. Due to high water absorption, it is recommended to saturate recycled 
aggregate and used water reducing admixture to achieve desired workability. RA obtained from good quality recycled 
concrete have water absorption up to 5 to 6%. [Marinkovic Ignjatovic, Radonjanin, 2013] 

Recycled concrete aggregate beam with 0% NAC, 50 % RAC, and 100 % RAC with three different reinforcement 
ratios (0.28, 1.46, and 2.54 %) were casted and tested. Modulus of elasticity of RAC test result shows slightly lower 
value than corresponding NAC elastic modulus because of RAC lower density values. The ductility, defined as the ratio 
of mid-span deflection at failure to the mid-span deflection at yield, decreased as reinforcement ratio increased. With 
the increase in recycled aggregate content, the size of failure surface and the level of the concrete destruction increased 
and this is due to the new ITZ between RCA and the new cement paste is usually porous and loose, and forms a weak 
link in RAC. SEM image shows micro cracks probably cause the higher level of concrete destruction of RAC beams at 
failure when compared to NAC beams. The measured beams deflections at service load are almost always larger for 
RAC beams than for the control NAC beams. Cracking moment of RAC beams is lower than cracking moment of 
corresponding NAC beams by 10 %  lower cracking load and 13 % higher service deflection. The ultimate flexural 
capacity of RAC beams is practically the same as the ultimate flexural capacity of NAC. RA obtained from good quality 
concrete shows same compressive strength and workability for 50 % RAC. For 100% RAC with high cement content 
(3%) and the compressive strength is same as NAC. The size of the failure surface and the level of concrete destruction 
at beam’s flexural failure are highly affected by the quantity of coarse recycled aggregate in the concrete. With the 
increase in recycled aggregate content, the size of failure surface and the level of the concrete destruction increases. 
Flexural behaviour of RAC beams is satisfactory when compared to the behaviour of NAC beams, for both service and 
ultimate load. The short-term service deflections of RAC beams can be larger than deflections of corresponding NAC 
beams, but within reasonable limits. [Ivan S. Ignjatovic' • Snezˇana B. Marinkovic,´Zoran M. Misˇkovic´ • Aleksandar 
R. Savic´]. 

Studies on mechanical properties particularly stress – strain curve of RAC is similar to NAC. Experimental studies 
show that with increase in amount of recycled aggregate, the values of compressive strength, peak strain, toughness, 
plastic energy capacity and elastic energy and elastic modulus decreases, which becomes barrier for the application of  
RAC structures. However, composite structure can reduce the demerits of RAC. Steel tubes filled with RAC have 
favorable results and bright future in composite structures. Due to lower density of RAC, it is advantage to increase the 
span of structure and improving the earth quake resistant with good heat preservation and insulation properties. The 
stiffness of RAC beams are lower than the NAC beams with increase in RA content. RA content has no influence on 
bending capacity while immediate deflection tend to increase. The 30% decrease in shear capacity of with increase in 
RA content from 0 to 100%. Failure mode of RAC Column are similar to NAC column and no significant influence 
with RA content. The RAC frame structures meet the requirement of NAC structures as per the present code. [Shi 
Xiao-shuang, Wang Qing-yuan, Qiu Ci-chang, Zhao Xiao-ling, IEEE, 2010]. 
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4  Experimental program 
4.1 Materials 
Ordinary Portland cement (OPC) 43 grade conforming to IS: 8112 (1989) was used for research work. Physical 
properties of cement with specific gravity 3.14 and specific surface area 250 square meter per kg is used. The 
compressive strength of cement motor at 3 days, 7 days and 28days are 28.0Mpa, 36.9Mpa and 46.0Mpa. 

The natural coarse aggregate obtained locally were tested in accordance with IS: 2386(1963) for gradation and other 
physical properties. The locally available natural sand conforming to grading Zone II (IS: 383) is used in both normal 
and recycled aggregate concrete. 

4.1.1Source of Recycled aggregates 
The recycled coarse aggregate obtained from the demolished RC beam specimen in Department of Civil Engineering, 
Pondicherry Engineering College. Using Jaw crusher the RC beam were broken into smaller pieces and sieved through 
4.75mm and 20mm sieve sizes. The physical properties of Aggregates are shown in Table 3.1. 

Table 3.1 Physical properties of Aggregates 

 

 

 
 
 
 
 
 
 
 
 
4.1.2 Concrete Mixtures 
Two concrete mixes are designed for different grades of concrete such as M20 and M40 with the replacement of RCA 
in 0%, 100% with recycled aggregate. To reduce the water demand Super plasticizer “super flow” is added as 
admixture in concrete mixture.  The details of mixture proportions are tabulated in Table 3.2 

Table 3.2 Details of Mixture proportions for M20&M40 

 

4.1.3 Preparation of concrete mixes  
In this research work, eight concrete mixture for M20 and M40 grade are prepared with RCA in 0% and 100% with 
recycle aggregate. The specimens were cured under wet curing and tested for 28days.  

5 STRUCTURAL PROPERTIES  
5.1.1 Flexure behavior of RC beams  
The flexure behavior of RC beams are studied on concrete using RCA is to evaluate the structural suitability of RCA 
concrete. This study shows study on the usage of RCA concrete in determining structural behavior. The evaluation of 
Flexure test on RC concrete beams is carried out using Linear Variable Displacement Transducers (LVDT) apparatus 
which obtains computerized values. The Reinforced concrete beams of size 250mm × 150mm × 2250mm were casted 
for required concrete mixes and cured for 28 days.  

5.1.2 Test specimens  
Four beams of size 150 mm × 250 mm with an effective span of 2100 mm were cast, damp cured for four weeks and 
tested to determine the flexural behavior of RC beams with Recycled Concrete Aggregate (RCA). Of these, two beams 
were reference beams (B1 & B2) with natural aggregate. The other two beams were beams with RCA. The beams were 
mm provided with two members of 16 as flexural reinforcement and 8 mm diameter stirrups at 100 mm spacing as 
shear reinforcement. Details of test specimens are shown diameter in Table 5.1 

Property 
                        Test Results 

 
     NA RCA       FA 

Water absorption (%) 0.80 3.8 0.12 
Specific gravity 2.77 2.41 2.65 

Fineness modulus 9.15 7.53 2.28 
(Zone- II) 

Impact value (%) 23.83 30.88 --- 
Crushing value (%) 20.30 33.72 --- 
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Fig. 5.1 Testing of RC beams under loading frame 

5.1.3 Experimental set-up  
The flexure test on the beams was carried on a loading frame of capacity 300kN, which was equipped with a hydraulic 
jack of capacity 500kN as shown in Fig 5.1. The load readings were measured using load cell of capacity 680kN. 
Beams were tested for two points loading at a distance of 700 mm from either support. During the process of loading, 
the beams were monitored for deflection at mid-span. LVDTs were used for monitoring the deflection. Strains at the 
mid-span were noted at four points using DEMEC (Demountable Mechanical Strain Gauge) of gauge length 200 mm 
with a deformation least count of 0.002 mm. The load was applied in increments of 5kN until failure occurred and the 
crack patterns were drawn on the beam.  

Table 5.1 Physical properties of Aggregates 

 
Where,  
RC20 – RC beam of M20 grade concrete  
RC20-100% – RC beam of M20 grade concrete with 100% RCA  
RC40 – RC beam of M40 grade concrete  
RC40-100% – RC beam of M40 grade concrete with 100% RCA 

5.1.4 STRUCTURAL PROPERTY  
5.1.5 Flexure behavior of RC beams  
The flexure RC beams are tested and their results are tabulated in Table 5.2. The mode of failure occurred in the beams 
was the flexural failure. Test resulted that the beams with 100% replacement of RCA obtained higher cracks and lower 
in deflection.  
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Table 5.2 Test Results of RC Beam 
 

 
 

 
Fig 5.1 Test Results of RC Beam 

 

 
Fig 5.3 Load Deflection curve for M20 and M40 grade RC beams 

5.1.6 Deflection and Strain  
1. The deflection and strain in concrete were noted for every 5 kN load increment.  

2. Deflections of RC beams with RCA were larger than those with NA under the condition of same load. RCA beams 
indicated 3.57% higher deflection at the same load when compared to NA beams.  

3. The load versus strain diagram was plotted from the DEMEC strain gauge measurements for all beams. The load 
versus strain graph shows that at the compression faces the compressive strain for all the four beams at a particular 
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load was more or less equal, but at the tension face RCA beams indicated 13.7% higher strain when compared with 
NA beams. 

6 Conclusion 
1. The RC beams using 100% of RCA obtains higher deflection than the control concrete. The deflection occurred is 

3.57% higher because the strains occurred 13.7% higher in the tension zone of the beams which results in higher 
deflection of the beams. There is also formation of more cracks found in the beams with higher deflection.  

2. RA extracted from good quality concrete without impurities impart higher strength than normal aggregates. 
6.1 SCOPE FOR FURTHER STUDY  

1. The RAC Beam may be studied with the incorporation of high strength rebar to reduce deflection and improve the 
flexural behavior of concrete.  

2. The studies on strength of Concrete using RCA may also be extended by conducting durability studies. The 
durability properties of concrete may provide the further knowledge on RCA concrete at various circumstances.  
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