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ABSTRACT: In civil engineering construction river sand is used as fine aggregate for preparing cement mortar but due to
the lack of availability of river sand nowadays M-Sand is introduced as fine aggregate. The voids present in cement mortar
reduces its strength which may lead to crack formation .To reduce the voids present in the mortar, aggregate gradation is
done to improve its strength and minimizes the requirement of binder particles in mortar. In this study
4.75mm,2,36mm,1.18mm,90uof fine aggregate were used.Here the aggregate is sieved and cubes were prepared for
different combinations of fine aggregate sizes and cubes of different combination of M-Sand casted for the mix proportion
of 1:3. Then the cubes are allowed for curing. The strength of cubes were tested after 7 and 28 days curing. The maximum
strength is attained by the cubes having mortar formed by the combined gradation of fine aggregates of 4.75mm,1.18mm
and 90u. The mortarcubes result justifies that proper grading of aggregatesgives better result than the individual size of
aggregate.
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ILINTRODUCTION

The study of fine aggregate gradation in mortar are comparatively very less when compared with the aggregate gradation in
concrete. This study deals with the problems in the strength occurred in hardened mortar due to the lack of binders in the
total volume of mortar. The sieve analysis is conducted to determine the particle size distribution in a sample of aggregate
called gradation. This method is used primarily to determine the grading of materials proposed for use as aggregate or being
used as aggregate. Due to the lack of awareness on aggregate gradation in cement mortar, it had some defects after
hardening. The strength and formation of cracks, etc. are some of the defects possibly formed after hardening. Gradation of
the aggregate is widely done in concrete, but it is not widely introduced in the cement mortar.Here in the cement mortar we
have replaced the M-Sand as fine aggregate. Due to the poor quality and the cost increase and some other reasons M-Sand
use is widely increased. The quality of M-sand is good and workability of mortar, is maintained by varying the water
cement ratio in the mortar.M-sand sand is produced by introducing the broken aggregates into the crushers and washing
them to remove the finer particles present in it.

Washing is done by us in the sieve before it used in mortar, washing removes the dust particles in the M-Sand.The water is
pored through the sieve show that the finer particles than sieve size can easily pass through it and then original size of the
fine aggregate particles can be easily taken from the sieve. There is no chance for the possibilities of presence other sizes of
fine aggregate. The individual size of fine aggregate was being retained in each sieve.

Mortar is a homogenous material formed by the combination of cement,fine aggregate(River sand or any other artificial
fine aggregates such as M-Sand, pond ash, etc.)and water. The cement mortar is mainly used in construction structures for
various types of masonry works and it is also used for plastering the various kinds of masonry. Due to improper curing
cracks were formed in the plastering work voids between the two particles may be also leads to crack in the structure. This
is the major cause in the cement mortar.

The study of past literatures was also shows that the gradation of fine aggregate study is not widely done in cement
mortar. Study on complete and partial replacement of fine aggregate with different artificial aggregates were able to known
in the literature study, but there seems no wide presence of fine aggregate gradation in cement mortar.
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Il. MATERIALS

Here we use Portland pozzolana cement (PPC) for the casting of mortar. The cement having the normal consistency of 34%
and setting time of 30 mins and 200 mins as initial and final setting time respectively. In this study M-Sand is introduced as
fine aggregate instead of normal river sand which is one of the artificial fine aggregate obtained from the crushers. The
gradation of fine aggregate was an important parameter which plays a vital role in the compressive strength of the mortar.
Water having the normal PH value required for drinking is used. M-Sand is sievedand the size of 4.75mm,2.36mm,1.18mm
and 90 were taken for this study of gradation of fine aggregate in cement mortar.Properties of PPC 43 grade was shown in
Table 1.The physical properties of M-Sand is listed in Table 2.

Tablel.Properties of PPC 43grade cement

S. No Physical Requirementas | Test Results
Characteristics per IS
8812:2013
1 Fineness 225 240
Modulus,m?/kg,Mi
n
2 Specific Gravity 3.17 -
3 Setting Time
a) Initial 30 75
b) Final 600 240
4 Standard 34 -
consistency
The above cement complies with the requirements of 158812:2013

This table verify that these M-Sand is suitable for the fine aggregate in construction site. M-Sand is the highly used
artificial fine aggregate in the modern construction. M-Sand properties were slightly changing when it is compared with
river sand

Table 2.Physical properties of M-Sand

S.NO DESCRIPTION RESULT
1 Specific Gravity 2.68
2 Fineness modulus 2.64
3 Bulk Density 1755 kg/m’
4 WaterAbsorption 1.2%
Il. METHODOLOGY

Firstly, M-Sand is sieved washing is done in the sieve to remove the finer particles in the sieve. Then aggregates were taken
for mixing of 1:3 mix ratio. The demoulded cubes were cured for period of 7 and 28 days. The compressive strength of the
cubes are tested after curing the cubes of improper sizes were not tested. The cubes were kept outside after the curing period
for drying. Using the Compressive Testing Machine (CTM) the compressive strength of cubes were determined by loading
it.

IV. EXPERIMENTAL SETUP

In these experiment the M-Sand is taken from the certified crusher industry and then the physical properties of the crusher
fines were studied to verify whether the physical properties were suitable for the replacement of fine aggregate in the
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mortar. The water cement ratio is not defined it varies from one place to another based on the workability requirement. For
initial mixing of mortar the water cement ratio is fixed as 0.4. Mix ratio of mortar is 1:3.

Fig 4.2 Casted Cubes

The cubes are prepared for individual size grading first and then the combination size aggregate with proper proportion was
also moulded. The mould of 50mmX50mmX50mm were casted after proper mixing the demoulded cubes were in the
curing period of 7 and 28 days.The moulded cubes were shown in fig 4.1. Then the cubes were tested using CTM is shown
in fig.4.2.

Fig 4.2 Cubes in UTM

Combinations | Sieve sizes

C-1 4.75mm+2.36mm-+1.18mm
C-2 1.18mm+2.36mm-+90u

C-3 4.75mm+2.36mm-+1.18mm
C-4 4.75mm+1.18mm+90

Table 4.1 Combinations size
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V. RESULT AND DISCUSSION

Themortarcubes having the uneven shape is not taken for testing. The compressive strength of the mortar cubes having the
individual and combined size of the fine aggregates were tested using the compressive testing machine after the curing
period of 7 and 28 days. The bar-chart is prepared for the load and the graded fine aggregate. The combination and
individual size strength were shown in the charts of Figd.1 and Fig4.2

Individual size
30

s “ I
1
“ I lI

4.75mm 2.36 mm 1.18 mm
Sieve Size

o

Strength

o

m7days ®28 days

Fig5.1 Bar-chart for strength of individual size

Combined size

C-1 C-2 C3 C-4

Sieve Size

M 7days M 28dys

Fig 5.2 Bar-chart for strength of combined size

The bar-chart shows that the minimum stress is observed by the 90 microns cube whereas the major stress is developed in
the cubes formed by combination on graded aggregates of sizes 4.75mm,1.18mm& 90 microns which is denoted as C-4 in
the chart. Thus CM1:3 formed by one part of cement with one part of 4.75mm fine aggregate, one part of 1.18mm fine
aggregate & one part of 90 microns graded aggregates will have the higher strength with less amount of void formation

with the same proportion mix adopted in the mortar is gained. The strength of mortar after 28 days curing is shown in
Fig4.3
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28 days curing

C-1 C-2 C-3 C-4

4.75mm 2.36mm 1.18 mm 90u

Strength
= N w N
o o o o

o

Sieve size

W 28 days

Fig 5.3 Bar-Chart based on strengthof 28days curing.

These study also states that the C-4 had also givesbetter strength when it is compared with the M-Sand which is not
introducing the gradation of fine aggregate. This result had alsostatesthat combined graded fine aggregate forms better
binding then the individual size aggregates.Aggregate gradation reduces the voids and produce better binding between the
particles and gives better strength for masonry and plastering mortars by without changing the mix proportion of materials
but it can be achieved only by applying the gradation of fine aggregate. By introducing gradation of aggregate the voids
percentage in the cube is reduced and it also confirms that the formation of crack in the mortar is less due to proper bonding
between the cement and fine aggregate.

VI. CONCLUSION

In this study, the compositestrength of cement by using the aggregate gradation is investigated. In cement M-sand from the
crushers were used for alternatives FA aggregation. To improve its strength the FA is graded individually and combination.

The M-sand without grading is constant in strength where as individual grades is less while introducing the combination in
aggregate grading the mortar strength is improved. These state that FA gradation gives better bonding by reducing the
voids. The study shows the graded FA were occupying the gaps forms between the two particles in the mortar so that the
percentage of voids is very less. The aggregation gradation results better experience in its strength. The formation of cracks
is also less while the FA gradation.
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