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ABSTRACT

This study focused on analysing the effect of fish scales reinforcement on fresh and hardened-state properties of concrete.
For this purpose, 24 cubes and 24 cylinders were casted at a design mix ratio of 1:2.3:4.3. The water-cement ratio of 0.57
was maintained. The fish scales reinforcement levels of 0%, 1%, 1.5% and 2% by weight of cement were maintained for
casting of specimens. For fresh-state assessment, the workability of concrete mixes was observed by slump test and the
results showed that, with the addition of fish scales, the slump value decreased due to increase in water demand. With the
addition of 2% Fish Scales, the workability of concrete mixes reduced by 36.40%. The compressive strength and tensile
strength of concrete cubes and cylinders were tested with Universal Testing Machine (UTM) at curing period of 7 and
28 days. Out of 48 specimens casted, a total of 24 specimens were subjected to compressive strength test while other 24
specimens were tested for tensile strength. The results reported that with addition of 2% fish scales in concrete, the tensile
strength of concrete increased but the compressive strength initially decreased and later increased. It can thus be concluded
that the fish scales can be incorporated in concrete with steel to enhance the tensile strength of concrete. Keeping the initial
decrease in compressive strength of concrete in consideration, it can be recommended that the fish scale reinforced concrete

can be safely used in light weight structures and non-structural elements like floor slabs and ribs.

Keywords: Concrete; fish scales; compressive strength; tensile strength; workability

INTRODUCTION

Concrete is a widely used material in global construction
sector. It is basically a blend of aggregates, water, and
binder i.e. lime, cement etc. (Ali et al. 2020). The properties
of concrete such as economic feasibility, unavoidable
dependency and versatile nature have made this material
most widely used among the construction industry
practitioners (Bheel et al. 2018; Jatoi et al. 2019; Mangi
et al. 2020; Nguyen et al. 2018). With the increase in
population and urbanization, there is a need of infrastructure
development which requires the services of construction
sector. The conventional methods and materials of this
industry have been deemed to be responsible for emission
of greenhouse gases in atmosphere resulting a polluted
environment (Bheel et al. 2018; Chowdhury et al. 2015).
Therefore, researchers, across the globe, are striving to
reduce the usage of raw materials incorporated in formation
of concrete, and the key element out of all such materials is
cement. The manufacturing of cement is globally considered
responsible for 5-10% of CO, emissions which is causing
detrimental effects to our living environment (Jhatial et al.
2019; Krishna et al. 2016). Hence, it is a need of hour that
the demand and production of cement should be reduced so
that the energy consumption can, consequently, be reduced

to avoid the contamination of environment (Hussein et al.
2014; Memon et al. 2021). One of the techniques considered
for reduction of usage and production of raw materials of
concrete is to make use of the waste materials carrying
pozzolanic and cementitious characteristics (Idris & Yassin
2015). Numerous wastes such as Coal Ash, Fly Ash,
Ground Granulated Blast Furnace Slag, Steel Slag, Rice
Husk Ash, Waste Lime Sludge, Palm Oil Fuel Ash, Biomass
Combustion Ash, Sewage Sludge Ash etc. have been used by
researchers in production of concrete for reduced the usage
of binder, efficient waste management, encouragement of
green environment and improved properties of concrete
(Adesina & Olutoge 2019; Hamada et al. 2019; Lynn et al.
2015; Mangi et al. 2019; Nagrockiené¢ & Daugéla 2018;
Roy & Krishna 2015; Sangeetha 2018; Zhang et al. 2019).
Moreover, the enhancement of strength of concrete with
incorporation of supplementary cementitious materials and
fibers has been in practice since long (Raza et al. 2020).
The waste material employed in this research is fish
scales of carp i.e. fresh-water fish. Scales are the protective
covering on the body of fish and many other vertebrates.
Fish scale is one of the natural debris which is produced by
fish industry all over the world (Torres et al. 2008). The size,
quantity and even shape of scales on every species of fish
might be unique and vary according to the specie and age of
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fish. For example: scales of carp (a specie of fresh-water fish
whose scales are used in this study) are leaf like in shape and
may vary according to its age. On the other hand, trout have
small bead shaped scales and shark have very small sharp
and rough sandpaper like scales and are very difficult to see
with naked eye (Gopi et al. 2016). In order to ensure the
synchronization of process and similarity of results, scales
of only one species carp has been incorporated in concrete
mixes.

The functionality and performance of fish scales in
structural concrete is very unpredictable and uncertain
till now, as no well-known research is done on this topic
of adding fish scales to the concrete. Moreover, it is an
established fact that concrete is weak in tensile zone and
hence, its reinforcement with fibers is considered as a
conventional, viable and practical solution. The review of
literature suggests that the inclusion of fibers dates to 1900s
but no work, considering the use of fish scales as fibrous
additives in concrete, was reported. The present research has
intended to fill this gap. The reason behind choosing fish
scales for this study is the set of expected advantages, such
as it is an organic and non-reactive material by nature, hence
it will not react with constituents of cementitious material
or admixtures in any negative manner. Secondly, it can be
considered as a green and environment friendly material
because it is readily available and is used without further
processing so it will not increase the carbon footprint.
Moreover, it is very cheap material (Reza Atefi et al. 2012).
Last but not the least, fish scales are good in tensile strength
as (Torres et al. 2008) and (Ikoma et al. 2003) reported for
high tensile strength and Young’s modulus of Arapaima
Gigas Fish Scales and Teleost species of Fish Scales
respectively.

The aim of present research is to study the potential
of fish scales as reinforcement with cement, as an additive
material to investigate the properties of the concrete. The
specific objectives were set based on aim of this research
include quantification of the influence of fish scales
reinforcement on workability, compressive strength, and
tensile strength of cement concrete and to compare the
results with the behavior of plain cement concrete.

MATERIALS AND MIX DESIGN

For this experimental study, cement produced in Lucky
Cement Factory located at Nooriabad, Pakistan was used
which conformed to standards set in (ASTM C150 / C150M-
19a, Standard Specification for Portland Cement, ASTM
International, West Conshohocken, PA,2019). The important

tests on cement such as fineness test, consistency test and
initial and final setting time tests were performed in Concrete
Laboratory of Department of Civil Engineering, Mehran
UET Jamshoro. The fineness of cement was found to be 93%.
The initial and final setting time of cement was found to be
115 minutes and 228 minutes respectively. Pure and neutral
drinking water was used in this research at various stages of
mixing and curing. The fish scales included in concrete for
this research work were obtained from local fish vendors in
Hyderabad. For the sake of similarity of results, scales of
single species of fish called carp were used. Carp is a similar
specie to the goldfish but larger in size and easily available
everywhere in Hyderabad. The range of size of fish scales set
after washing and drying was 3-15 mm. The fine and coarse
aggregates available in Jamshoro were used in this research.
The fine aggregates were subjected to sieve analysis, water
absorption and specific gravity tests as specified in (4STM
CI28 - 15 Standard Test Method for Relative Density
(Specific Gravity) and Absorption of Fine Aggregate, 2015).
The specific gravity of fine aggregates came out to be 2.68
while the water absorption of fine aggregates was calculated
to be 2.07%. Similarly, for coarse aggregates, fundamental
characteristics such as water absorption and specific gravity
were found to be 1.6% and 2.7 respectively. The weight of
sample in both cases was set to be 5kg.

Mix design is the process of selecting suitable ingredients
of concrete viz. cement, fine and coarse aggregates etc.
and determining their relative proportions with the object
of producing concrete of certain minimum strength and
durability as economically as possible. In this research,
with the ratio of 1:2.3:4.3 was adopted. Total 48 number of
specimens (24 cylinders and 24 cubes) were prepared for
analysis. For every inclusion level of fish scale/ in concrete
such as 0%, 1%, 1.5% and 2%, six cylinders (4 inches
diameter and 8 inches height) and six cubes (47°x474”) were
casted. The quantities of concrete ingredients for casting of
cylinders and cubes, and mix ratio were calculated by means
of DoE method and are tabulated in Table 1.

RESEARCH METHODOLOGY

To conduct this research, a total of 48 specimen (24
cylinders and 24 cubes) were casted as detailed in Table 2.
Out of 48 total specimens, twenty-four were subjected to
compressive strength test and twenty-four were subjected to
tensile strength test, both at 28 days of curing. Fish scales
were included in concrete at different percentages i.e. 1%,
1.5% and 2% by weight of cement.
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TABLE 1. Quantities of Materials required for Preparation of Concrete Specimens

S. No. Mix ID Mix Ratio Cement (%) Fine Aggregates (%) Coarse Aggregates (%) W/C Ratio
1. FSRCO 1:2.3:43 100 100 100 0.57
2. FSRCI 1:2.3:43 100 100 100 0.57
3. FSRCI1.5 1:2.3:43 100 100 100 0.57
4. FSRC2 1:2.3:43 100 100 100 0.57

For both cubes and cylinders, six each number of
specimens were casted at 0%, 1%, 1.5% and 2% inclusion
level of fish scales. The workability of concrete mixes was
determined through slump cone method in accordance with
ASTM Cl143 (ASTM C143 / Cl143M - 15a Standard Test
Method for Slump of Hydraulic-Cement Concrete, n.d.)
while the compressive and tensile strength of concrete was

determined through Universal Testing Machine (UTM) by
following ASTM C39 (4STM C39 / C39M - 20 Standard
Test Method for Compressive Strength of Cylindrical
Concrete Specimens, 2020) and ASTM C496 (ASTM C496
/ C496M - 17 Standard Test Method for Splitting Tensile
Strength of Cylindrical Concrete Specimens, n.d.) standards,
respectively.

TABLE 2. Details of Concrete Specimens Casted

Mix Design Details Compressive Strength Cubes Tensile Strength Cylinders
Mix ID Fish Scales 7 Days 28 Days 7 Days 28 Days
FSRCO 0% 3 3 3 3
FSRCl1 1% 3 3 3 3
FSRCL1.5 1.5% 3 3 3 3
FSRC2 2% 3 3 3 3

Total Specimens

12 + 12= 24 Cubes

12 + 12= 24 Cylinders

RESULTS AND DISCUSSIONS

WORKABILITY OF FISH SCALES REINFORCED CONCRETE

The workability of concrete reinforced with fish scales as
an additive was assessed through slump cone test under the
guidelines prescribed in ASTM C143 standard (ASTM C143 /
C143M - 15a Standard Test Method for Slump of Hydraulic-
Cement Concrete, n.d.). The slump cone method is a quick
and economical test and, is carried out from batch to batch to
check the uniform quality of concrete during construction.
The relation between percentage of fish scales incorporated
in concrete and its workability is depicted in Figure 1. The
results indicate that the slump value of concrete mix decreases
with addition of fish scales in different percentages i.e. 1%,
1.5% and 2%. In other words, the workability or consistency
of concrete keeps on decreasing with inclusion of fish scales
in it due to increase in water demand. The results align with
the findings of study conducted by (Varma & Kumar, 2019),
on workability of concrete blended with fish scales for rigid
pavements. Nevertheless, it is a well-established fact from
available literature, that additives and/or fibers increase the
water demand of concrete by absorbing more amount of
water, resulting in lesser workable and flowable concrete
(Afroughsabet et al. 2016; Bheel et al. 2020; Jhatial et al.
2018; Meghwar et al. 2020; Okeola et al. 2018; Raval &
Patel, 2015; Salih et al. 2019; Shaikh et al. 2020).
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FIGURE 1. Workability of fish scales reinforced concrete

COMPRESSIVE STRENGTH OF FISH SCALES
REINFORCED CONCRETE

The compressive strength of concrete is the capacity of
concrete to withstand loads tending to break the specimen.
This is the utmost important test which depicts characteristics
of concrete (Raza et al. 2020) and hence, is deemed to
have key value for design of structures. The compressive
strength of concrete depends on many factors such as water-
cement ratio, cement strength, quality of concrete material
and quality control during production of concrete etc. The
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test for compressive strength is carried out on cubes in
Universal Testing Machine as per guidelines specified in
ASTM C39 (4STM C39 / C39M - 20 Standard Test Method for
Compressive Strength of Cylindrical Concrete Specimens,
2020). The test results based on concrete cubes of different
percentage of Fish scales used at 7 and 28 days of curing
depict that addition of fish scales in concrete mixes reduce
the compressive strength of concrete as depicted in Figure 2.
However, with the increase in fish scales content, the strength
started developing at later reinforcement levels which
implies that enough potential of fish scales for strengthening
of concrete. Such phenomenon can be credited to the fact
that introduction of fibrous additives in concrete tends the
aggregates to enter the pores to ensure adequate bonding but
rise in fiber content results in bulkiness which distorts the
adhesion to yield lesser strength. Moreover, the formation
of weaker transition zone around the fibers tend to make the
entire concrete specimen weaker. In addition, the impurities
present on fiber surface and the thickness of fibers can also
hinder the improvement in bonding of concrete ingredients.
Hence, it can be concluded that, although fibers increase the
strength of concrete, but there always occurs an optimum
fiber inclusion level (Ranjitham et al. 2019). In this case,
the optimum inclusion level is 2%, however, research

at increased level of reinforcement will demonstrate the
overall influence on strength of concrete.

TENSILE STRENGTH OF FISH SCALES REINFORCED CONCRETE

The results of tensile strength test (ASTM C496/C496M—17)
were based on testing of cylinders with different percentages
of fish scales for 7 and 28 days of curing. During the tensile
strength test, concrete specimens were tested by applying
increasing load along the vertical diameter until failure
(split) occurs. Failure of the specimen occurs along its
vertical diameter, due to tension developed in the transverse
direction. It is clear from results that the tensile strength
of concrete cylinders increased by adding fish scales.
The maximum value of tensile strength is obtained at 2%
addition level of fish scales in concrete mixes i.e. 4.03 MPa.
This behavior of concrete is due to high tensile strength of
fish scales. Moreover, (Bheel et al. 2020) also suggested that
inclusion of fibrous additives in concrete body supplement
the tensile strength of concrete. The tensile strength test

results of fish scales reinforced concrete are shown in Figure
3.
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CONCLUSIONS AND FUTURE RECOMMENDATIONS ACKNOWLEDGMENT

The test results indicate that as the amount of fish scales
as an additive reinforcement increases, the workability of
concrete mix decreases due to occurrence of higher water
demand by concrete mix.

The increased percentage i.e. 1.5% and 2% of fish scales
will give high tensile strength of concrete. On contrary, the
inclusion of fish scales shows divert effects on compressive
strength of concrete. The results depict that compressive
strength of concrete cubes shows variation as it decreases by
adding 1% fish scale and again increase at 1.5% and 2% fish
scales respectively. Fish scales in concrete grip the concrete
particles when load is applied on it until it reaches its failure.
It is noticed that there is no chemical or physical reaction of
concrete with fish scales. In other words, fish scales remain
as inert material which helps in gaining increase in tensile
strength of concrete.

Considering the compressive strength of fish scales
reinforced concrete, it can be recommended to be used for
light weight structures. As the fish scales help in increasing
tensile strength of concrete, the fish scales can be used with
main steel in reinforced concrete to increase the tensile and
flexural strength. The fish scales can be used for nonstructural
cement concrete in buildings such as floor slabs, floor ribs,
underground slabs, behind building stones and in partitions
etc. It is recommended to study the effect of large size of
fish scales (other than carp fish) on fresh and hardened
properties of concrete. Moreover, the effects on properties
of concrete should also be studied after 56 and 90 days of
curing of concrete specimen. The chemical, mechanical and
fire resistance behavior of fish scale reinforced concrete
should also be studied.

The authors are highly indebted to Mehran University of
Engineering and Technology, Jamshoro Campus, Sindh,
Pakistan for provision of facilities required in the conduct of
this experimental work.
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