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Abstract: Performance of normally produced concrete is extensively examined both in terms of mechanical and durability point of view using natural aggregates, but due to 
excessive use of natural resources it is important to use recycled aggregate to reduce not only cost but natural aggregate and environmental pollution. This research study 
investigates the usage of coarse aggregates from destroyed concrete in new construction and develops strength correction factors for non-standard specimens. Materials 
used in this study consist of OPC type I, fine aggregate passing from sieve #16 and coarse aggregate of maximum size 25 mm which was obtained from demolished concrete. 
Performance of recycled aggregate as well as green concrete was examined in terms of compressive, split tensile and flexural strength at 50% replacement of natural 
aggregate with recycled aggregates. After detailed experimental analysis it is revealed that water absorption capacity increases while decrease in specific gravity was 
observed compared to conventional coarse aggregates. Recyclable aggregates are used in 50% dosage to prepare green concrete, which has a lower unit weight and 
density. It was found from test results that recycled aggregates have higher water absorption and lower specific gravity compared to natural coarse aggregates. The unit 
weight of recycled aggregates concrete (RAC) is 1957 Kg/m³, 11% less than that of concrete with all-natural coarse aggregates (NAC). Tensile strength reductions are more 
common for RAC cylinders, but the average tensile strength remains within the theoretical range. The study also compares reinforced concrete beams made with natural 
coarse aggregates and recorded load, deflection, cracks, and cracking patterns at a 5kN load interval until failure. 
 
Keywords: compressive strength; flexural strength; green concrete; natural coarse aggregates; recycled aggregate concrete; tensile strength 
 
 
1 INTRODUCTION 
 

Over the past few decades, people have moved from 
rural areas to developed cities, affecting housing and 
facilities [1]. The construction sector has transitioned from 
horizontal to vertical development, increasing project costs 
and environmental problems [2]. Researchers are now 
interested in proper waste management and on-site waste 
utilization in landfills [3]. Modern concrete uses recyclable 
aggregates instead of cement, fine aggregates, and coarse 
aggregates. Construction and demolishing waste (C&D) is 
waste generated from demolishing old structures or 
construction [4]. To minimize C&D waste, key points 
include dumping it at the source, reusing or refurbishing 
before reuse, recycling, using waste energy as renewable 
energy, and dumping it in landfills [5]. Researchers 
optimize demolition trash use by assessing particles, 
grading, and assessing aggregate qualities before 
proportioning them in fresh concrete [6]. Recycling 
demolition trash for new construction is preferable, 
replacing NCA with 10% increase and producing 
recovered coarse aggregates from discarded recycled 
concrete blocks [5]. Recycling coarse aggregates (RCA) 
have been used to address environmental issues from 
demolition waste [1], such as space needed for dumping 
and construction materials [7, 8]. RCA has similar effects 
to natural aggregate cylinders (NAC), but high percentage 
replacements can reduce its performance. Construction 
wastes with suitable replacement of natural resources can 
save resources [9], use demolition waste from old 
structures and prefer 50% replacement of natural aggregate 
cylinders in ordinary concrete [10] proposed using waste 
recycled concrete blocks as coarse aggregates in concrete, 
replacing NCA in 5% to 50% with an increment of 10% 
[11]. Kumutha & Vijai [12] studied the properties of 
recycled aggregates in concrete with partial/full 
replacement of coarse and fine aggregates, observing 
decreasing patterns in compressive strength [13], flexural 
strength [14], and tensile strength except modulus of 

elasticity [15]. Akbari et. al. [16] found that using 
demolished concrete aggregates in concrete reduced 
compressive strength, flexural strength, and split tensile 
strength by 26%. Another perspective was discussed by 
some authors by showing the behaviour of concrete under 
crack healing side [17-20], effect of waste materials on 
construction of rigid payment side [21-23] and more 
importantly towards fracture behaviour of concrete [19] 
[24]. Green concrete offers numerous benefits, including 
reduced carbon dioxide emissions, waste product use, and 
pollution [11], some work was also reported on creep 
control and shrinkage testing of recycled aggregate 
concrete [25-27]. This study aims to provide strength 
correction coefficients for non-standard specimens, 
providing a landmark for researchers and industry 
professionals to ensure the quality of concrete used on site. 
However, the strength of recycled aggregate-built 
infrastructure must withstand accidental and natural 
occurrences for its useful life. International research is 
focused on understanding the characteristics of concrete 
built with these aggregates. Recycled aggregates are rarely 
used in Pakistan, causing waste management and 
environmental dangers. To reduce these problems and 
increase project effectiveness, recycled aggregates should 
be used in fresh concrete. Quality control is conducted 
through evaluation and testing, with the strength produced 
varying depending on the size of the field-used mould. 
Based on above discussion it was observed that many 
studies have focussed on the investigation of mechanical 
performance of concrete using recycled aggregate; 
however few of them have considered the correction 
factors to investigate the mechanical performance of 
concrete using recycled aggregate. Therefore, this study 
investigates the impact of cylindrical mould size on 
compressive and tensile strength of green concrete made 
from dismantled construction and demolition waste. It also 
investigates the coefficient of correction and flexural 
strength of green concrete with partial recycled coarse 
aggregates. By adding correction coefficients and 
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calibrating concrete cylinders to standard 150x300 mm 
strength [26]. The goal is to reduce environmental impact 
and utilize demolishing waste in new construction. 
 
2 EXPERIMENTAL PROGRAM 
2.1 Materials and Mix Proportions 
 

The 60-year-old reinforced concrete structure at the 
government girls' school Nawabshah that created traffic 
congestion and pollution is examined in this research 
study. In a lab, the trash was processed to make new 
concrete. Large concrete blocks that had been demolished 
were manually reduced in size to 25 mm, with manual 
hammering being favoured as shown in Fig. 1. Fine 
aggregates filled the spaces between coarse aggregates 
after being crushed in natural aggregate quarries in 
Jamshoro, Sindh. Bolhari hill sand was used as the fine 
aggregate. In the construction sector, cement is utilised as 
a binding agent in concrete, with ordinary Portland cement 
(OPC) being used for specimen preparation. Water is a 
crucial ingredient in concrete because it initiates the 
hydration process and the binding action that produces hard 
rock material. The water used in concrete should be free 
from impurities, and the pH value of the water used in this 
work was found to be 7.2, within the acceptable range. 
Concrete water should be free of impurities, with a pH 
value of 7.2 within acceptable range. The strength of 
concrete is evaluated from the running batch to ensure 
proper strength. Different shapes and sizes are used for 
shaping and size, while the code requirement requires 
standard size moulds. Deviations in the size of the mould 
can affect the resulting strength of the specimen, so it 
should be corrected before considering quality assurance. 
Demolished concrete is used as coarse aggregates as a 
partial replacement for natural coarse aggregates and to 
check the effect on strength due to variations in cylindrical 
mould size. 
 

 
Figure 1 Demolished wastes of structural elements 

 
2.2 Screening of Materials 
 

The process of sorting out unwanted substances from 
aggregates, such as organic impurities, plastic, glass, and 
rusted steel, involves separating cracked and un-cracked 
particles. Cracked particles are weak and can affect the 
strength of new concrete. The process begins with sorting 
large blocks of old concrete, which are hammered down to 
25 mm size as shown in Fig. 2. Despite careful handling, 
cracked particles remain, and are manually separated. The 

percentage of cracked particles may vary between batches 
and hammering times, but for this research work, it was 
recorded at 13%. 
 

Figure 2 Concrete Blocks of C&D waste and cracked particles of RCA 
 
2.3 Specimen Casting and Testing 
 

The qualities of the aggregates, such as unit weight, 
density, water absorption, and specific gravity, are 
essential for the properties of the concrete mix. Water 
demand is very important, and the water-cement ratio is 
changed according to how much water the aggregates can 
absorb. This research's major study subject, old destroyed 
concrete, is thought to be more water absorbent due to its 
age and mortar. Through the use of ASTM C-128 and 
AASHTO T-85 methods [28], these characteristics are 
assessed for both natural and recyclable aggregates. 
Aggregate samples were submerged in cement paste for 
one minute and dried in the open air to measure specific 
gravity and water absorption. Concrete cylinders are 
prepared using a 1:2:4 mix and 0.45 water cement ratio, 
using ingredients like Pak Land cement, fine aggregates 
from Bolhari, coarse aggregates from Jamshoro quarries, 
and potable water. Natural coarse aggregates are replaced 
with demolished concrete in 50% dosage. The preparation 
process follows ASTM-C293 and AASHTO standards 
[23]. Concrete cylinders are available in five sizes:                
200 × 400, 150 × 300, 100 × 200, 75 × 150 and 50 × 100 
as shown in Fig. 3. The aspect ratio of the moulds is set at 
2. 
 

 
Figure 3 Different size of cylinders before testing 

 
Twelve to sixteen concrete cylinder samples are 

produced for each size, with 12 standard size samples cast 
with natural coarse particles. These serve as control 
specimens for comparison. After 28 days, they are cured, 
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air dried, and tested for compressive and tensile strength 
using universal load testing machines as shown in Fig. 4. 
 

 
Figure 4 Selected specimen for compressive strength and spilt tensile strength 

testing 
 

Beams made of reinforced concrete are cast using the 
weight batching process, with the precise weight being 
determined in a laboratory. A concrete mixer first receives 
the dry components, then the water. Grease/oil is applied 
to moulds, steel is set, and mortar bats are set beneath the 
steel cage. A needle vibrator is used to compress the 
concrete after it has been properly mixed and put into the 
moulds. The beams' top surface is trowelled to make it 
level. All beams are tested using central point loading in 
accordance with ASTM-C293 after air drying as shown in 
Fig. 5. At regular intervals, deflection, load, and cracks are 
measured. 
 

 
Figure 5 Selected RC beams for flexural strength testing 

 
3 RESULTS AND DISCUSSIONS 
3.1 Basic Properties of Recycled Aggregate Concrete 
 

This Research investigates aggregate properties like 
water absorption and specific gravity for natural and 

recycled materials. The average values of these properties 
are presented in Tab. 1, with recycled aggregates having 
water absorption of 3.90, 120% more than natural coarse 
aggregates, and a specific gravity of 2.40, 5% less than 
natural coarse aggregates. Concrete samples were prepared 
to assess the impact of recycled aggregates on unit weight 
and density. The unit weight of recycled aggregates 
concrete (RAC) is 1960 Kg/m³, 11% less than that of 
concrete with all-natural coarse aggregates (NAC), and the 
density of RAC is 2360.78 Kg/m³, 5.5% less than NAC. 
The deviation in these properties is due to the age of 
concrete and old mortar. Mix design should consider these 
deviations to ensure better strength and proper workability 
of the concrete. The ultimate load values for prepared 
cylinders are recorded and converted into strength by 
dividing the specimen area. 
 

Table 1 Properties of coarse aggregates 
Description Natural 

Aggregates 
Recycled Aggregates 

Unit Weight / Kg / m³ 2195 1960 
Density / Kg / m³ 2495 2360 
Specific Gravity 2.56 2.40 

Water Absorption / % 1.80 3.90 

 
3.2 Compressive Strength of Recycled Aggregate Concrete 
 

The study compares the compressive strength of six 
standard-size RAC cylinders using all-natural coarse 
aggregates. Six to eight cylinders are tested using 50% 
natural and recycled aggregates in mould sizes, as shown 
in Tab. 2. The results show that the average compressive 
strength of natural aggregate concrete cylinders is 31.70 
MPa. RAC cylinders of 200 × 400 had a 188% higher 
compressive strength value, while 150 × 300 and 100 × 200 
cylinders experienced a 6.95% reduction. 100 × 200 
cylinders had a 4.80% increase in compressive strength 
compared to natural-aggregate cylinders of standard size. 
The maximum compressive strength was recorded for the 
maximum size mould used in the study as shown in Tab. 3. 
The comparison of parameters is shown in Fig. 6, which 
shows the maximum compressive strength recorded for the 
maximum size mould used in the study. 

The study compares the compressive strength of six 
standard-size RAC cylinders using all-natural coarse 
aggregates. The results show that the average compressive 
strength of natural aggregate concrete cylinders is 31.70 
MPa. RAC cylinders of 200 × 400 had a 188% higher 
compressive strength value, while 150 × 300 and 100 × 200 
cylinders experienced a 6.95% reduction. 

 
Table 2 Maximum Compressive strength of different size (mm) of cylinders 

S. No Cylinder size  
200 × 400 (R) 

Cylinder size  
150 × 300 (R) 

Cylinder size  
100 × 200 (R) 

Cylinder size  
75 × 150 (R) 

Cylinder size  
50 × 100 (R) 

Cylinder size  
200 × 400 (N) 

1 90.89 28.90 30.15 24.78 13.91 30.78 
2 91.64 29.28 25.57 22.78 16.70 32.55 
3 92.39 31.39 26.73 33.13 13.38 32.93 
4 90.89 29.69 31.12 20.86 17.36 32.37 
5 87.52 29.28 30.20 18.93 17.10 31.42 
6 92.51 28.75 26.82 24.91 15.45 33.49 
7 91.64 31.39 27.61 23.78 16.87 32.37 
8 92.39 28.90 26.82 28.60 15.15 31.42 

 
100 × 200 cylinders had a 4.80% increase in 

compressive strength compared to natural-aggregate 
cylinders of standard size. The maximum compressive 

strength was recorded for the maximum size mould used in 
the study as shown in Tab. 3. 
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Table 3 Average Load and average compressive strength of all cylinders 
 Cylinder 

Size 
RAC Cylinders NAC 

Cylinders 

200 × 
400 

150 × 
300 

100 × 
200 

75 × 
150 

50 × 
100 

150 × 300 

Load / kN 2856.6 522.00 220.8 109.16 30.88 559.70 
Compressiv
e Strength / 

MPa 

91.00 29.50 28.20 24.75 15.75 31.70 

 

 
Figure 6 Compressive strength of all cylinders 

 
3.3 Compressive Strength Correction Coefficient 
 

The standard size cylinder is 150 × 300, and its 
strength is considered the base value. To map other values, 
the strength correction coefficients are computed and listed 
in Tab. 4 to Tab. 5. The strength of the cylinder is divided 
with the coefficients to map it in line with the compressive 
strength of the standard size cylinder. The same correction 
coefficients are evaluated for natural aggregate concrete 
cylinders of standard size, and the coefficients can be used 
to divide the strength of RAC cylinder in hand to correlate 
it with the compressive strength of the standard size 
cylinder of conventional concrete. The correction 
coefficients are plotted as bar charts in Fig. 7 and Fig. 8 for 
visualization purposes. 
 

Table 4 Correction coefficients with respect to standard size RAC cylinders 
Size of 

cylinder / mm 
200 
× 

400 

150 
× 

300 

100 
× 

200 

75 
× 

150 

50 
× 

100 
Correction 
coefficient 

3.085 1.000 0.955 0.838 0.534 

 
Table 5 Correction coefficients with respect to standard size NAC cylinders 

Size of 
cylinder / mm 

200 
× 

400 

150 
× 

300 

100 
× 

200 

75 
× 

150 

50 
× 

100 
Correction 
coefficient 

2.871 0.931 0.889 0.78 0.497 

 

 
Figure 7 Compressive strength correction coefficients for RAC cylinders only 

 
 

3.4 Tensile Strength of Recycled Aggregate Concrete 
 

The study compares the results of natural aggregate 
concrete cylinders (RAC) and RAC cylinders using            
all-natural coarse aggregates. Six cylinders of standard size 
were cast, cured for 28 days, and tested for tensile strength. 
The results show that natural aggregate concrete cylinders 
have an average tensile strength of 4.8 MPa, which is 
15.14% of the compressive strength of the cylinders. 
 

 
Figure 8 Compressive strength correction coefficients for RAC versus NAC cylinders 

 
RAC cylinders of size 200 × 400 sustained 70.83% 

tensile strength, while 150 × 300 and 100 × 200 cylinders 
experienced 8.33% and 27.71% reductions, respectively. 
The 75 × 150 and 50 × 100 cylinders experienced 29.78% 
and 33.96% reductions, respectively as shown in Tab. 6. 
Most cylinders experienced more reduction in tensile 
strength compared to compressive strength reduction. 
However, the average tensile strength of most cylinders 
remained within the theoretical range. The 200 × 400 and 
50 × 100 cylinders experienced 3.70% and 20% reductions 
in compression to compressive strength, respectively as 
shown in Tab. 7. As the size of the cylinder mould 
increases, tensile strength decreases, while decreasing the 
size of the mould gives rise to even greater strength. The 
tensile strength of all cylinders, including those cast with 
all-natural coarse aggregates, is plotted in Fig. 9, showing 
that the maximum tensile strength is recorded for standard 
size cylinders made with all-natural coarse aggregates. 
 

Table 6 Maximum tensile strength of different size (mm) of cylinders 
S. 
No 

Cylinder 
size  

200 × 
400 (R) 

Cylinder 
size  

150 × 
300 (R) 

Cylinder 
size  

100 × 
200 (R) 

Cylinder 
size  

75 × 150 
(R) 

Cylinder 
size  

50 × 100 
(R) 

Cylinder 
size  

200 × 
400 (N) 

1 3.41 4.68 3.87 3.76 3.25 4.75 
2 3.44 4.75 3.44 3.11 3.13 4.68 
3 3.46 4.01 3.00 3.14 3.18 4.99 
4 3.41 4.66 3.72 3.40 3.23 4.89 
5 3.28 4.46 3.26 3.24 3.36 4.74 
6 3.47 4.01 3.58 3.20 3.12 4.55 
7 3.41 4.68 3.87 3.52 2.95 4.75 
8 3.44 4.75 3.00 3.60 3.18 4.68 

 
Table 7 Average Load and average tensile strength of all cylinders 

Cylinder 
Size / 
mm 

RAC Cylinders NAC 
Cylinders 

200 × 
400 

150 × 
300 

100 × 
200 

75 × 
150 

50 × 
100 

150 × 300 

Load 428.50 313.00 109.00 59.50 24.90 336.70 
Tensile 
Strength 

3.43 4.50 3.46 3.36 3.18 4.75 
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3.5 Tensile Strength Correction Coefficient 
 

The standard size of cylinder is 150 × 300 and its 
strength is considered the base value. To map other values, 
the tensile strength of the standard size cylinder is used. 
Strength correction coefficients are computed and listed in 
Tab. 8. The strength of the cylinder in hand is divided with 
the coefficients to map it in line with the tensile strength of 
the standard size cylinder. In a second attempt, the tensile 
strength of natural aggregate concrete cylinders of standard 
size is taken as the base strength and the correction 
coefficients are evaluated as shown in Tab. 9. The 
coefficients can be used to divide the strength of RAC 
cylinder in hand to correlate the tensile strength with the 
standard size cylinder of conventional concrete. For 
visualization, the correction coefficients of Tab. 8 are 
plotted as bar chart in Fig. 10 and the coefficients from 
Tab. 9 are graphically represented in Fig. 11. 
 

Table 8 Correction coefficients with respect to standard size RAC cylinders 
Size of 

cylinder / 
mm 

200 × 400 150 × 300 100 × 200 75 × 150 50 × 100 

Correction 
coefficient 

0.773 1.000 0.789 0.766 0.720 

 

 
Figure 10 Tensile strength correction coefficients for RAC cylinders only 

 

 
Figure 11 Tensile strength correction coefficients for RAC versus NAC 

cylinders 
 

Table 8 Correction coefficients with respect to standard size NAC cylinders 
Size of 

cylinder / 
mm 

200 × 400 150 × 300 100 × 200 75 × 150 50 × 100 

Correction 
coefficient 

0.708 0.917 0.723 0.702 0.660 

 
3.6 Flexural Strength of Recycled Aggregate Concrete 

Beams 
 

Tab. 10 displays the results of reinforced concrete 
beams made with all-natural coarse aggregates. These 
beams are treated as control specimens to compare the 
results of proposed beams. During testing, load, deflection, 

cracks, and cracking patterns are carefully marked at a load 
interval of 5 kN until failure. The beam failed at a load of 
69.431 kN with 4.6 mm deflection. The load is converted 
to flexural strength and recorded as 27.77 MPa. Tab. 10 
shows the maximum load carrying capacity, deflection, 
and flexural strength for beams. The load versus deflection 
pattern of all six beams is almost similar, with a maximum 
variation of 6.25% in deflection results. The maximum 
flexural strength in this group is 31.23 MPa. This table also 
presents the results of beams casted with 50% replacement 
of natural coarse aggregates with coarse aggregates from 
demolished concrete and tested at a load interval of 5 kN. 
Beams failed at a load of 70.65 kN, deflecting to 4.95 mm. 
Maximum load, deflection, and flexural strength of beams 
are given in Tab. 10. The load vs deflection pattern is 
almost similar for all beams, with minor variation in 
maximum load and 4.81% maximum variation in 
deflection. Results of maximum load and maximum 
deflection are plotted in Fig. 12 and Fig. 13. Flexural 
strength for this group of beams is plotted in Fig. 14, 
showing a 5.73% reduction in flexural strength compared 
to beams cast with all-natural coarse aggregates. 
 

Table 10 Flexural strength testing results of RC beams 
S.No 0% RCA Replacement 50% RCA Replacement 

load / N Def: / 
mm 

N/mm2 load / N Def: / 
mm 

N/mm2 

1 73431 4.60 29.3724 68637 4.95 27.4548 
2 74087 4.80 29.6348 67808 5.10 27.1232 
3 73515 4.70 29.406 68973 4.95 27.5892 
4 73805 4.55 29.522 67250 5.20 26.9 
5 73945 4.80 29.578 68431 5.15 27.3724 
6 73460 4.70 29.384 67912 4.90 27.1648 

 
Table 11 Average values of RC beams 

S.No Description Unit 0% RCA 
Replacement 

50% RCA 
Replacement 

1 load / N N 73707.17 68168.50 

2 Deflection / 
mm 

mm 4.69 5.04 

 

 
Figure 12 Beams carrying maximum load (N) 

 

 
Figure 14 Beams carrying maximum flexural strength 
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4 CONCLUSIONS 
 

The study explores the use of old, demolished, or 
recycled concrete as coarse aggregate in green concrete, 
focusing on its impact on basic and mechanical properties. 
The demolished concrete was reduced to 25 mm using 
manual hamming, revealing increased water absorption 
and decreased specific gravity compared to conventional 
coarse aggregates. Green concrete, prepared with 50% 
recycled aggregates, has a lower unit weight and density. 
The study found that recycled aggregates have higher water 
absorption and specific gravity, with a unit weight of 1957 
Kg/m³, 11% less than natural coarse aggregates. The 
compressive strength of six standard-size RAC cylinders 
using all-natural coarse aggregates is 31.7 MPa, compared 
to the average of 31.7 MPa for natural aggregate concrete 
cylinders. Tensile strength reductions are more common 
for RAC cylinders, but the average remains within 
theoretical range. The study recommends using more 
cylindrical specimens, different dosages of recyclable 
aggregates, different curing ages, larger cylinder sizes, and 
admixtures to improve recycled concrete properties. 
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