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Abstract— This study describes the flexural behavior of 

beams made of recycled aggregates and by replacement of 

cement with fly ash [4]. Efforts aimed at producing 

environment friendly concrete can play a major role in 

securing environment friendly construction. Candid 

technologies for sustainable concrete materials include the 

incorporation of supplementary cementitious materials 

(SCMs), such as fly ash as a partial replacement for 

Portland cement, the incorporation of recycled materials in 

concrete production, and, in particular, recycled concrete 

aggregate (RCA), as well as the use of highly durable 

concrete to increase service life [1,2].  

The current project has been done with fixing the 

percentage of recycled aggregates as 50 % for all the 

beams, varying the percentages of fly ash as 15 %, 25 % & 

35 % etc. instead of 10 %, 20 %, 30 % etc. A conventional 

beam was casted with normal aggregates. The second 

beam was casted with 50 % recycled aggregates and 50 % 

normal aggregates. The third, fourth and fifth beam were 

casted with 50 % recycled aggregates and 50 % normal 

aggregates replacing 15 %, 25 % and 35 % of cement with 

fly ash. After 28 days curing the beam were subjected to 

two point loading through a loading frame.  

The ultimate load in flexure, deflection, crack 

pattern and strain at L/2 and L/3 section of the beams 

were studied. Another objective was to determine 

optimum amount of fly ash with fixed percentage of 

recycled aggregate and to find out the improvement in 

flexural performance of the beams. The flexural capacity 

of the beams were found to increase. The initial cracking 

load and ultimate cracking load were found to be 48.74 % 

and 20.34 % greater than RAC50-0 beam. 
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I. INTRODUCTION 
The research community has been 

investigating possible solutions to environmental 
issues of concrete production. As the world’s most-
used construction material, 20 billion tons of 
concrete are produced annually worldwide [4]. This 
huge amount of concrete requires equally large 
amounts of its component materials: 15 billion tons 
of aggregates (river or crushed stone) and 4.2 billion 
tons of cement. Although concrete has a low 
embodied energy compared with other materials, the 
scale of its use means a significant impact on the 
environment [3]. The first impact is through the 
production of cement. Using current practice, each 

kilogram of cement produced is   associated with an 
average of 842 grams of CO2; taking into account 
global annual cement production, the cement industry 
is actually responsible for 7–10 % of all 
anthropogenic CO2 emissions [2]. The second 
significant impact of concrete is its end-of-life, i.e. 
what happens after any concrete, plain or reinforced, 
has been decommissioned and demolished. Currently, 
most of it is still simply landfilled [4]. What remains 
after the demolition of concrete structures is 
construction and demolition waste (CDW). One 
promising solution for these problems is the recycling 
of CDW to produce recycled aggregates in order to 
replace river or crushed stone aggregates in concrete 
production [2].This approach has the benefit of 
saving natural resources and reducing the amount of 
CDW being landfilled. A second      potential solution 
is the partial replacement of cement by 
supplementary cementitious materials, ie, industrial 
by-products [3]. This approach both saves natural 
resources but also reduces the use (and indirectly 
production) of cement, thus potentially lowering CO2 
emissions. One option for partial cement replacement 
is fly ash, a byproduct of coal combustion in thermal 
power plants [1]. Fly ash has pazzolanic properties 
and is produced globally in large quantities 900 to 
1000 megatons, annually. 

II.METHODOLOGY 
A.    Material properties 

The various materials that are used in the study and its 
material property tests are carried out as per IS 
specification. The material that are used in this study 
are Ordinary Portland cement of 3.14specific gravity, 
M sand as fine aggregate with 2.65 specific gravity, 
crushed granite of 20mm size as coarse aggregate with 
2.94 specific gravity, recycled aggregate of specific 
gravity 2.38 and fly ash of specific gravity 2.5 [5-8]. 
The cement to fine aggregate to coarse aggregate 
proportions by mass were 1:1.57:2.72 with a water-
cement ratio of 0.45 for normal strength concrete.M30 
concrete and Fe500 steel was used [5, 9]. 
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B.    Specimens 
          Cubes of sizes 100x100x100 mms were utilized to 
investigate the compressive strength of concrete. The 
flexural reinforcement of all beam consisted of two steel 
bars of 8 mm diameter in the tension side and two steel 
bars of 8 mm diameter in the compression side. Shear 
reinforcement is adopted 6 mm steel bar having 120 mm 
spacing. The beam specimen consists of a conventional 
RCC beam-CB, beam made of 50 % recycled 
aggregates and 50 % normal aggregate-RAC 50-0, beam 
made of 50 % recycled aggregate and 15 % of fly ash –
RAC 50-15, beam made of 50 % recycled aggregate and 
25 % of fly ash RAC 50-25 and beam made of 50 % 
recycled aggregate and 35 % of fly ash-RAC 50-35.. 
The properties of the beam used are as follows: 
           Beam specimen size : 1.5m x 0.15m x 0.2m.  
The cross section of the beam is shown in fig 1. 

 
Fig 1 Reinforcement detail of beam 

C.   Test Setup 

         The specimens were simply supported and 
subjected to two point load at the center. Linear variable 
differential transducers (LVDT) were placed at center 
bottom and at L/3 section of the beam bottom. LVDT is 
used to measure the displacement of the test specimens. 
The measured displacement is displayed in the digital 
indicator and further it is connected to the Data 
Acquisition system (DAQ). The load is applied at each 
step and continued until failure. Compression type load 
cells are used to measure the load applied on the test 
specimen, in which it is fixed to the ram of the hydraulic 
jack, which will be pressing the specimen under the 
given load. The failure load was defined as a load that 
caused the specimen to fail in flexure. Mid-span 
deflections were recorded for every load increment. The 
DAQ software, used to take the reading was set to zero 
in order to find out the maximum load and the 
deflection coming to the beam as a result of gradual load 
application. The fig.2 shows the test set up of the 
specimen RAC 50-0.       

 
Fig. 2. Experimental test set up for Specimen RAC 50-0 

 

III. RESULTS AND DISCUSSIONS 
 

  The ultimate load and the corresponding ultimate 
deflection, strain and stress at the mid span and at L/3 
distance for all the tested beams have been determined. 
The experimental test results of all specimens will be 
discussed in this section with respect to their strength, 
load deflection response curves, stress-strain response 
curves. Initial cracking load and ultimate load of 
specimens are given in fig 3 and 4. 

 

     
Fig 3 Initial cracking load of specimens 

 

      
Fig 4 Ultimate load of specimens 
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     The initial cracking load for control beam is 
33.65 % greater than RAC 50-0 beam. For RAC 50-
15 beam the initial cracking load is 39.96 % greater 
than that of RAC 50-0 beam. For RAC 50-25 beam 
the initial cracking load is 42.21 % greater than that of 
RAC 50-0 beam. For RAC 50-35 beam the initial 
cracking load is 79.15 % greater than that of RAC 50-
0 beam.The ultimate load for the control beam is 6.6 
% greater than that of 50-0 beam For RAC 50-15 
beam the ultimate load is 18.34 % greater than that of 
RAC 50-0 beam. For RAC 50-25 beam the ultimate 
load is 20 % greater than that of RAC 50-0 beam. For 
RAC 50-15 beam the ultimate load is 36.43 % greater 
than that of RAC 50-0 beam. The test results are 
given in table 1 and table 2.Fig.5 and fig 6 shows 
comparison of Load Vs Deflection at L/2 and L/3 
section of the beam & fig 7 and fig 8 shows 
comparison of Stress Vs Strain at L/2 and L/3 section 
of the beam 

TABLE 1 TEST RESULT 
 

Beam 
 

Ultimate 
load 
(kN) 

 
deflection 

at mid 
span 
(mm) 

 
deflec 
tion at 

L/3 
(mm) 

 
Load at 

first 
crack 
(kN) 

 
CB 

 
43.6 

 
36.26 

 
30.34 

 
30.9 

 
RAC 
50-0 

 
40.9 

 
28.62 

 
25.76 

 
23.12 

 
RAC 
50-15 

 
48.4 

 
24.12 

 
21.12 

 
32.36 

 
RAC 
50-25 

 
49.1 

 
17.09 

 
15.06 

 
34.08 

 
RAC 
50-35 

 
55.8 

 
15.43 

 
12.36 

 
41.42 

 
 

Fig 5 Comparison of Load and Deflection at L/2 

  
      

   Fig 6 Comparison of Load and Deflection at L/3 
 
From table 1 and fig 5 the maximum deflection at 

L/2 section for control beam is 135 % greater than that 
of RAC 50-35 beam. For RAC 50-0 beam the 
maximum deflection is 85.48 % greater than that of 
RAC 50-35 beam. For RAC 50-15 beam the maximum 
deflection is 56.32 % greater than that of RAC 50-35 
beam. For RAC 50-25 beam the maximum deflection 
is 10.76 % greater than that of RAC 50-35 beam. 

        From table 1 and fig 6 the maximum deflection at 
L/3 for Control Beam is 145 % greater than RAC 50-
35 beam. For RAC 50-0 beam the maximum deflection 
is 108.4 % greater than that of RAC 50-35 beam. For 
RAC 50-15 beam the maximum deflection is 70.87 % 
greater than that of RAC 50-35 beam. For RAC 50-25 
beam the maximum deflection is 21.84 % greater than 
that of RAC 50-35 beam. 

 
TABLE 2 TEST RESULT 

 
Beam 

 
Stress 

(N/mm2) 

 
Strain at mid 

span 
(micro-strains) 

 
Strain at L/3 

(micro-strains) 

 
CB 

 
9.4467 

 
146 

 
109 

 
RAC 
 50-0 

 
8.861 

 
60 

 
33 

 
RAC 
50-15 

 
10.486 

 
786 

 
622 

 
RAC 
50-25 

 
10.638 

 
299 

 
242 

 
RAC 
50-35 

 
12.09 

 
160 

 
116 
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Fig 7 Comparison of Stress and Strain at L/2 

 

 
Fig 8 Comparison of Stress and Strain at L/3 

 
From table 2 and fig 7 and 8 the maximum stress for 
control beam is 6.84 % greater than that of RAC 50-0 
beam. For RAC 50-15 beam the maximum stress is 18.34 
% greater than that of RAC 50-0 beam. . For RAC 50-25 
beam the maximum stress 20.05 % greater than RAC 50-0 
beam. For RAC 50-35 beam the maximum stress is 36.44 
% greater than that of RAC 50-0 beam. 

 
IV CONCLUSION 

The flexural behavior of all the beams were 
investigated. All beams were tested under two point 
bending. The load-deflection response, stress-strain 
behaviour of the tested beams were analyzed and 
following observations and conclusions are drawn.  
1. The flexural capacity of all the beams were found to 

be increasing when compared to control beam except 
RAC 50-0 beam. 

2. The initial cracking load and the ultimate cracking load               
for RAC 50-15 was found to be 39.96 % greater than 
RAC 50-0 beam. The initial cracking load and ultimate 
load increased with increase in percentage of fly ash. 

3. The maximum central deflection and the 
deflection at   is greater for control beam 
compared to all other beams. The maximum 
central deflection and the deflection at L/3 section 
RAC 50-0 beam was found to be 85 % & 108.4 % 
greater than that of RAC 50-35 beam. The 
deflection decreases with increase in percentage 
of fly ash. 

4. The maximum stress is lower for RAC 50-0 beam 
compared to all other beams. The maximum stress 
for all the beams was found to be 20.42 % greater 
than that of RAC 50-0 beam. 

5. The partial replacement of cement and coarse 
aggregate with fly ash and recycled aggregate has 
increased the ultimate load and lowered the 
deflection in beams and hence increases the 
strength of the beam. 
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