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KEYWORDS ABSTRACT

Density The study emphasizes the importance of utilizing fly ash and optimized aggregate
sizes to enhance structural performance while promoting sustainable construction

Flexural Strength . i . .
g practices by reducing cement usage. In this research study, the combined effect of

Ultimate Deflection fly ash and aggregate size on the flexural strength of reinforced concrete is
Fly Ash investigated. In this experimental study, a total of 12 batches were prepared with

) varying fly ash proportions and coarse aggregate sizes. For all batches, cement
Coarse Aggregate size was replaced with fly ash by 0%, 5%, 10%, and 15% by weight of cement, and

three different sizes of coarse aggregates (6.25 mm, 12 mm, and 20 mm) were
used. The mix design and water cement ratios were set to (1:2:4) and 0.48,
respectively. Prism-type RCC beams of size 100mm Xx 100mm x 500mm were
casted for testing to evaluate density, ultimate load, and ultimate strength. Results
revealed that reinforced concrete batch B2, containing 5% fly ash and 12.5 mm
aggregate size, achieved a higher density and sustained an ultimate load 56.48%
higher than nominal concrete. Furthermore, deflection in reinforced concrete
batch D1 containing 15% fly ash and 20-mm aggregate size decreased by 12.13%
compared to nominal concrete. The results showed that the combined effect of fly
ash and aggregate size will minimize deflection and will provide sufficient
flexural strength to sustain structural load effectively.

1. Introduction excessive extraction of raw materials like aggregate is
also turning industries away from its limited use.
Aggregates play a very effective role in concrete
strength, and 75% of concrete composition is
aggregates. To meet the demands of the construction
industry, it is critical to find alternative materials that
are cost-effective, environmentally friendly, emit no
CO,, and have the same binding properties as OPC.
There are several industrial by-products are available
such as fly ash, which is an industrial by-product
generated by coal combustion, and it is an abundant

Ordinary Portland Cement (OPC) is a substitute for
concrete used as a binder, which resists cracking.
Shrinkage also strengthens the bonding between
aggregates. OPC concrete is a widely used material in
the construction industry, and its demand is rising day
by day in order to fulfil the need for development in
infrastructure. Production of OPC consumes a high
amount of energy and natural resources, and it causes
global warming in the environment by releasing a
significant amount of carbon dioxid [1]. In addition,
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material throughout the world[2]. It also possesses
pozzolanic properties and is rich in silica and
alumina[3]. Fly ash as a supplementary material in
concrete and it can significantly enhance the properties
of the material [4]. The global production of fly ash
was 380.5 million tonnes 2022 and will 475.4 million
tonnes by 2028. Pakistan alone generates 212,000 tons
of fly ash annually. Fly ash lowers the water demand
of concrete for similar workability and, as well,
reduces bleeding and the evolution of heat [5]. It has
also been discovered that, under a given load, the
strength, concrete cover, and bonding between steel
and aggregate could vary due to the aggregate size.
The mechanical properties of concrete are determined
not only by the bonding between cement and
aggregates, but also by the bonding between
aggregates and the reinforcement, which ensures the
safety of the concrete against failure, as well as the
geometry of the concrete cover around the
reinforcement[5][6][7]. P.S. Joann A. Jessy Rooby et
al. (April 2013) investigated the structural behaviour
of a reinforced fly ash concrete beam by replacing
50% of the cement with fly ash and by using SP430
plasticizer. Results of his study revealed that the
flexural strength of concrete significantly improved
after 28 days of curing, along with moment capacity,
which increased by 23%, whereas ultimate moment
capacity decreased by 16% [8]. Arivalagan S.
conducted a research study on the flexural strength of
fly ash reinforced concrete beams by replacing cement
at 10% and 20% with fly ash and tested under a two-
point load and revealed that fly ash has improved the
tensile strength [9]. Sunilaa George and Dr. R.
Thenmozhi investigated the flexural strength of
concrete by replacing cement at 10%, 20%, 30%, 40%,
50%, and 60% with chemically activated fly ash and
by adding 0.48 ratio of water binder. Results indicated
that maximum 50% of cement can be replaced with fly
ash because the ultimate load of chemically activated
fly ash concrete beams was comparatively less than
nominal concrete beams[10] Y.M. Pudale and Dr.
D.N. Shinde both investigated the initial crack load,
ultimate load carrying capacity, and deflection of fly
ash and RCC beams wrapped with GFRP sheet. He
tested 8 beams with dimensions of 150 x 150 mm and
a rectangular cross section span of 700 mm, and the
results revealed an increase in average cracking load
and average ultimate load after retrofitting reinforced
concrete beams, while the average for fly ash
reinforced concrete beams was nearly the same [11].
K. Krishna Teja (2018) investigated that by replacing
50% cement with high volume fly ash has improved
workability of concrete by reducing water demand
ratio and also the properties such as flexural strength
and deflection shown improvement when compared to
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nominal concrete [12]. Additionally Mahdi
Arezoumandi et al found that high volume fly ash
concrete has comparable flexural strength to
conventional concrete [13]. B.K. Narendra, T.M.
Mahadeviah [2014] compared flexural strength of
reinforced fly ash concrete beams of three different
grades of concrete by replacing cement at (20%, 35%,
and 50%) with reinforced nominal concrete beams
(0% Fly ash) . Results found that cracking load of M40
and M50 Grade was 21% and 23% respectively
whereas; M30 sustained 18% of the flexural load.
Deflection is one of the important serviceability limit
states to be satisfied in the design of concrete
structures. So the flexural behaviour of these beams is
discussed in terms of load deflection[14]. V.
Bhikshma et al (2012) investigated the effect of
aggregate size on higher grade concrete with high
volumes of fly ash. Three different mixes of M50
grade concrete were prepared with coarse aggregate of
three different sizes (10 mm, 12.5 mm, and 20 mm),
whereas, cement was replaced with fly ash at 0%,
10%, 20%, 30%, 40%, and 50%. After 56 days of
curing, specimens were tested, and it was observed
that a mix containing 30% fly ash with 12.5 mm of
aggregate has an optimum flexural strength of 5.95
Mpa. It was increased by 5% compared to
conventional concrete[15].

2. Experimental Program
2.1 Materials and Methodology

Ordinary Portland cement is used in this research,
which is locally manufactured, and coarse aggregate
was used with sizes of 6.25mm, 12.5mm, and 20mm.
To achieve the required coarse aggregate sizes, the
crushed material was sieved as per ASTM C136
“Standard Test Method for Sieve Analysis of Fine and
Coarse Aggregates”. The sieve analysis test was
conducted to precisely determine the particle size
distribution of the aggregate, ensuring it meets the
required specifications for strength and workability in
concrete. By passing the material through specific
sieves, such as the 1/4-inch sieve for 6.25 mm, 1/2-
inch sieve for 12.5 mm, and 200-mm sieve for 20-mm,
the aggregates were classified into appropriate sizes
that optimize their performance in construction,
ensuring the desired structural integrity and mix
consistency. The coarse aggregates were thoroughly
washed to achieve a saturated surface dry (SSD)
condition as per ASTM C33 “Standard Specification
for Concrete Aggregates” to ensure accurate testing
and performance in concrete[16]. Fine aggregate was
also used and sieved as per ASTM C136 “Standard
Test Method for Sieve Analysis of Fine and Coarse
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Aggregates”[17].  The fly ash used in these
experiments was sourced from a nearby local industry
in Nawabshah city, specifically from a coal-fired
power plant or industrial facility involved in coal
combustion. Fly ash is a by-product of the combustion
process, where coal is burned to generate electricity or
for other industrial purposes. In this case, the fly ash is
likely Class F fly ash, which is produced by burning
bituminous coal as per ASTM C618[18]. Sixty-grade
steel is used in specimens. Table No.1 shows batch
details.

Table 1

Batches details

Batch Size of C.A (mm) Fly Ash (%)

RFC-Al 20

RFC-A2 12.5 0
RFC-A3 6.25

RFC-B1 20

RFC-B2 12.5 5
RFC-B3 6.25

RFC-C1 20

RFC-C2 12.5 10
RFC-C3 6.25

RFC-D1 20

RFC-D2 12.5 15
RFC-D3 6.25

2.2 Mix Proportion

The mix design for this experimental study was
developed based on the guidelines provided by ACI
211.1-91J19] and ASTM C192/C192M, ensuring
consistency in material proportions, water-cement
ratio, and curing practices[20]. The water-cement ratio
was maintained at 0.48 across all batches, with curing
conducted for 28 days as per the standard
recommendations. Total 12 batches prepared for the
testing according to different replacement levels of fly
ash at 0%, 5%, 10%, and 15% by weight of cement
with coarse aggregate sizes of 6.25mm, 12.5mm and
20mm. Table No. 2 presents the mix proportions in
accordance with these standards.

Table 2

Mix proportions of concrete mixtures

Materials  Fly Ash Fly Ash Fly Ash Fly Ash
(KG) 0% 5% 10% 15%
Cement 5.25 4.98 4.72 4.46
Fly Ash 0 0.262 0.525 0.78

© Mehran University of Engineering and Technology 2025

Fine

10.5 10.5 10.5
Aggregate

Coarse

Aggregate

Water

Cement 0.48 0.48 0.48 0.48
Ratio

21 21 21

3. Testing Procedure

Density test was conducted to measures the
compactness of the concrete specimens. It evaluates
the mass per unit volume (kg/m3) and is critical for
determining the overall quality and void content
within the concrete matrix[21]. Flexural test
conducted on RCC beams, this test determines the
load-bearing capacity under bending. It provides
insight into the tensile strength of the concrete,
especially for evaluating its performance in structural
elements. Furthermore, deflection test conducted by
using deflection meters, this test measures the vertical
displacement of beams under applied loads. It
evaluates the stiffness and ductility of the concrete
beams and how well they resist deformation[22]. The
testing procedure was followed by the ASTM C78
code[23]. All the prepared specimens had the same
dimension of 500mm x 100mm x 100mm and were
reinforced with sixty grade steel bars, of which 4No
bars are used for main reinforcement and 2No bars are
embedded for stirrup purposes as shown in Fig 1. All
specimens were cured in ponds for 28 days to achieve
maximum strength up to 99% [24], and also to gain
uniformity and surface texture of concrete [25].
Because below 28 days of curing period would also
decrease strength to < 90% [26]. All the specimens
were then loaded in universal testing machine under
center point load for flexural strength, and a deflection
meter gauge was installed with universal testing
machine (UTM) to record deflection in mm.

-

500 mm

A
y o

100 mm

] Amm

&2 bars
¥ 44 bars

Fig. 1. Beam Dimensions



Fig. 2. Universal Testing Machine

4 Results and Discussion
4.1 Density

The bar chart demonstrates the impact of fly ash
content and aggregate size on the density of reinforced
concrete. It shows that as the percentage of fly ash
increases from 0% to 15%, the overall density of the
concrete tends to decrease. This can be attributed to
the lower density of fly ash compared to traditional
cement. The mix containing 5% fly ash exhibits the
highest density, suggesting that moderate fly ash
substitution is beneficial for maintaining the concrete's
density. However, when the fly ash content increases
beyond 5%, the density starts to drop, likely due to the
reduced cohesion of the mix and the introduction of
more air pockets, as fly ash replaces a portion of the
denser cement particles.

Furthermore, the size of the coarse aggregate also
plays a significant role in the density of the concrete.
Concrete mixes with larger aggregates, such as the
20mm size, generally show lower density compared to
those with 12.5mm and 6.25mm aggregates. Larger
aggregates tend to create more voids between
particles, reducing the overall packing efficiency of
the mix [27]. On the other hand, smaller aggregates
(like 6.25mm) provide better packing, which increases
the density. The optimal combination of 5% fly ash
and 12.5mm aggregates results in the highest density,
emphasizing that both the fly ash content and
aggregate size need to be carefully balanced to achieve
desired concrete properties. These findings highlight
the importance of selecting the right proportion of fly
ash and aggregate size for achieving concrete mixes
with optimized density, which is crucial for the
strength, durability, and workability of concrete
structures. and its result from that given chart reveals
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that reinforced concrete beam with 0% fly ash has
slight change in density compared to reinforced
concrete beam with different proportion of fly ash.
Different coarse aggregate size also had shown small
effect on the density. It is also concluded that with
aggregate size 12.5mm and 5% fly ash in concrete by
weight of cement has shown higher density compared
to 10% and 15% of fly ash with aggregate size of
20mm and 6.25mm. Further results showed that rising
proportion of fly ash above 5% and aggregate size less
than 6.25mm will decrease the density of concrete.

Table 3

Density variation with fly ash and aggregate size

Fly Ash  Average: Density (Kg/m3) with

N

SNO- o) different size of C.A
20mm 12.5mm 6.25mm
1 0 2693.333 2708.67 2573.33
2 5 2780 2813.33 2733.33
3 10 2700 2733.33 2606.66
4 15 2646.66 2700 2560
Dersi
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)
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Fig. 3. Density Variation with Fly Ash and Aggregate Size
4.2 Flexural Strength

It is clear from bar chart that show the relationship
between fly ash content, aggregate size, and the
flexural strength of reinforced concrete. It is evident
that the optimal flexural strength occurred with 5% fly
ash, which showed a significant increase in ultimate
load (about 56.5% higher) compared to the control
sample with no fly ash. As the fly ash content was
increased to 10% and 15%, the flexural strength
showed a diminishing return. Specifically, the ultimate
load raised only 36.24% at 10% fly ash, and with 15%
fly ash, the strength decreased by around 12.14%
compared to the 5% fly ash mix.



Fig. 4. Beam Loaded in UTMs

Additionally, the aggregate size influenced the
flexural strength of the concrete. On average the
highest ultimate load of 30.59 KN was achieved using
12.5mm aggregates, while the 6.25mm aggregates had
a slightly higher ultimate load (29.5 KN) compared to
the 20mm aggregates (27.85 KN). This indicates that
smaller aggregates contribute to better distribution of
loads and improve the development of gel bonds in the
matrix, thus increasing the overall strength. Larger
aggregates (20mm) can cause heterogeneity in the
concrete mix, leading to lower strength due to reduced
surface area for bonding.

The combination of fly ash content and aggregate
size plays a crucial role in determining the flexural
strength of reinforced concrete. While a 5% fly ash
content optimizes strength, increasing it further results
in a decrease in flexural strength. Similarly, an
aggregate size of 12.5mm vyields the best performance
in terms of strength. These findings emphasize the
importance of balancing both fly ash content and
aggregate size for achieving desired concrete
properties, particularly in structures requiring high
flexural strength.

Table 4

Ultimate load and flexural strength results

S.N  Fly Average ultimate Variation in
0 As  Deflection (mm) Ultimate
h with different size of  Deflection by %
(%) CA
12.
20 125 625 20 c 6.25
mm mm mm mm mm
mm
1 0 2.39 369 4.01
8
2. : . )
2 5 % 365 3.9 1.0 10 -1.07
4 8 7
8
3.93 )
3 10 234 362 3 20 18 -1.92
9 7
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4 15 21 325 353 12. 11. 119

Flexural Strength
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Ultimate load (KN)
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B 20mm 12.5mm 6.25mm

Fig. 5. Ultimate Load and Flexural Strength Results
4.3Ultimate Deflection

The data from the deflection test reveals that
reinforced concrete beams with 0% fly ash (nominal
concrete) exhibit the highest deflection values,
particularly as the coarse aggregate size decreases. For
instance, deflection increased from 2.39 mm (20 mm
aggregate) to 4.01 mm (6.25 mm aggregate). Adding
fly ash to the concrete mix resulted in reduced
deflection across all aggregate sizes, with the most
significant reduction observed in the beams with 15%
fly ash and 20 mm aggregate size, where deflection
was reduced by 12.13% compared to the nominal
concrete. The reduction in deflection is linked to the
combined effect of fly ash and aggregate size: as the
fly ash content and aggregate size increase, the
deflection decreases. This behavior suggests that both
fly ash and larger aggregate sizes contribute to a more
rigid concrete mix, reducing bending deflection under
load. The findings are supported by the deflection
data, where the addition of fly ash in varying
proportions consistently led to improved deflection
performance across different aggregate sizes.

Table 5

Ultimate deflection

Fly
SN As  Average Ultimate Variation in
' h Load (KN) with Ultimate load by
(% differentsizeof CA %
)
20 125m 6.25m 20m  12.5m
mm m m m m
1 0 ;3'3 25.36  24.46
36.4 56.2
2 5 4 39.63 38.22 5 56.64
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Fig. 6. Ultimate Deflection

Fig. 7. Beam Loaded in UTM with Deflection Meter

5. Conclusion

Reinforced concrete batch B2, containing 5%
fly ash and 12.5 mm aggregate size has
achieved 2813.33kg/m3 density which was
higher than all other batches.

From the statistical results, it was observed
that reinforced fly ash concrete beams
containing 5% fly ash and 12.5 mm coarse
aggregate size exhibited the highest flexural
strength, achieving a 56.48% improvement
over nominal concrete.

Additionally, deflection in reinforced
concrete batch D1 containing 15% fly ash mix
with 20 mm aggregate size decreased by
12.13% compared to nominal concrete.

Across all aggregate sizes, the introduction of
fly ash reduced deflection, with larger
aggregate sizes (20 mm) and moderate fly ash
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content (5-10%) contributing to improved
load-carrying capacity and minimized
bending. These results emphasize the
complementary effects of aggregate size and
fly ash proportion in optimizing the structural
performance of reinforced concrete.
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