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Abstract

The present investigation aims in the study of the properties of concrete in which M-sand is used as a partial and full replacement
for natural sand. The use of such materials not only results in conservation of natural resources but also helps in maintaining
good environmental conditions. The basic strength properties of concrete were investigated by replacing natural sand by M-sand
at replacement levels of 30%, 40%, 50%, 60% sand 100% for three different mix proportion of concrete such asM30, M40 and
M50. The results revealed that there is20% increase in the compressive strength, 10% increase in split tensile strength and 15%
increase in flexural strength of concrete with 60% replacement of M-sand compared with conventional concrete. Hence this
research concluded that the optimum percentage replacement of natural sand by M-sand is designated as 60% for the above three
grades of concrete.
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I. INTRODUCTION

Scarcity of good quality Natural River sand due to depletion of resources and restriction due to environmental consideration has
made concrete manufactures to look for suitable alternative fine aggregate. One such alternative is “Manufactured sand”. Though
manufactured sand has been in use in concrete manufacturing in India, the percentage of its contribution is still very negligible in
many parts of the country. The application of concrete meeting the specification is of paramount importance, to ensure
construction of durable R.C.C. structure. Hence durable concrete covers and bears the responsibility of sustaining the entire
R.C.C. structure throughout it service life. A well processed manufactured sand as partial or full replacement to river sand is the
need of the hour, as a long term solution in Indian concrete industry until other suitable alternative fine aggregate are developed.

With the world wide decline in the availability of construction sands along with the environmental pressures to reduce
extraction of sand from rivers, the use of manufactured sand as a replacement is increasing. With the ban on sand mining
implemented by different states, and with the increasing demand for river sand for construction works, many civil engineers have
expressed the need to promote use of manufactured sand in the construction industry. As per reports, manufactured sand is
widely used all around the world and technicians of major projects around the world insist on the compulsory use of
manufactured sand because of its consistent gradation and zero impurity.

There is a need for ‘clean sand’ in the construction from the point of view of durability of structures. Indiscriminate mining
and quarrying is posing threat to the environment. As the demand for Natural River sand is surpassing the availability, has
resulted in fast depletion of natural sand sources. Manufactured sand is the answer for this problem especially when some states
have already banned the use of river sand for construction. This sand has been well defined in IS 383-1970.

There is a need to study shape characteristics of manufactured sand, effect of micro fines on concrete characteristics such as
modulus of elasticity, shrinkage, creep etc., concrete mix proportioning by resorting to particle packing approach is the need of
the hour when it comes to use of manufactured sand as a replacement to natural river sand.

A. Natural Sand Vs Manufactured Sand:
The sand from river due to natural process of attrition tends to possess smoother surface texture and round shape. It also carries
moisture that is trapped in between the particles. These characters make concrete workability better. However, silt and clay
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carried by river sand can be harmful to the concrete. Another issue associated with river sand is that of obtaining required
grading with a fineness modulus of 2.4 to 3.1. It has been verified and found at various locations across south India, that it has
become increasingly difficult to get river sand of consistent quality in terms of grading requirements and limited silt / clay
content.

In case of manufactured sand, the process of attrition through Vertical Shaft Impact (VSI) and washing makes the crushed
stone sand particles good enough to be compared shape and surface texture of natural sand. With well-designed screening system
the required grading (Zone I1) and fineness modulus of 2.4 to 3.1 can be achieved consistently in the case of manufactured sand.
It is also noted that properly processed manufactured sand will improve both compressive strength and flexural strength through
better bond compared to river sand.

Il. LITERATURE SURVEY

Many research works has been carried out all over the world by replacing natural sand with many artificial materials. In which
one kind is M-sand and many research have been done on the replacement of natural sand with M-sand.

The shape and texture of crushed sand particles could lead to improvements in the strength of concrete due to better
interlocking between particles[1].However, angular fine aggregate produces mortar of lower workability than spherical sand for
the same water content[2-4],or the same volume of cement paste [4-6].Additional water is incorporated into cement mixtures to
improve workability ,yet higher water content decreases strength, even though the angular particles themselves increase inter
particle shear resistance[7].

The use of angular manufactured sand in Portland cement concrete has significantly increased over the last 25 years especially
in areas where natural sands are scarce. Despite the wider use of manufactured sand, current aggregate quality assessment
method are primarily based on round natural sand performance specifications for concrete sand invariably consider grain size
distribution; other requirements may include sand equivalency durability, organic impurities, fineness modulus, and reactivity
.Even though the sand from a particular source meets all these requirements there is no guarantee that the sand will perform
satisfactorily in concrete.

I11. EXPERIMENTAL INVESTIGATION

A. Manufactured sand
Manufactured sands are produced by crushing rock depositions to produce a fine aggregate which is generally more angular and
has rougher surface texture than naturally weather sand particles. The production of M-sand also generates high percentages of
micro-fines, particles that pass the 75 um sieve, ranging from 5% to 20%. Generally the micro-fines are washed out since the
Chinese national standard JTG F 30-2003 limits the amount of micro-fines to 5% [8], and it is not feasible to eliminate a portion
of them. The elimination of the micro —fines represents a wasted aggregate resource and leads to a disposal problem for
producer. In addition, the elimination of the micro —fines often produces a harsh mix that does not finish well leading to the
necessity of adding natural sand for increasing workability [9].

The purpose of this study is to conduct a systematic comparison of the effects of natural and manufactured sand exert on
compressive strength, flexural strength, and split tensile strength. The M-sand is purchased from Vellore, where M-sand is
produced in larger scale. The purchased M-sand is tested and the results are shown below.

B. Properties of Manufactured sand

The properties of M-sand is found out and the results are given. The bulk density of manufactured sand is 1862 Kg/m3and the
specific gravity is 2.50.The fineness modulus of M-sand is 2.68.The sieve analysis revealed that the fine aggregate falls in Zone
Il of IS 383:1972.The percentage of particles passing through various sieve were compared with natural sand and are presented
in Table 1.

Table- 1

Sieve Analysis Comparison of M-Sand With River Sand

Sieve size River sand % passing | M-sand % passing
4.75mm 100.00 100.00
2.36mm 95.6 90.70
1.18mm 86.00 66.20
600pum 56.20 39.80
300pm 17.70 25.50
150um 3.10 9.90

Fineness modulus 2.30 2.68

A graph was drawn for sieve analysis for the two sand chosen for this study.
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Fig. 1: Particle Size Distribution Curve.

The particle size distribution curve shows as in the figure 1, that the river sand possesses good grading but with large size
particles falling on finer limit. M-sand possesses better grading and meets zone Il requirement as it undergoes inherent sieving,
filtering and washing process. Manufactured sand has 2% micro fines as the process of filtering and washing enables to control
the percentage of micro fines. River sand has 2.5% micro fines.

C. Experimental Tests:

In this experimental investigation, the strength characteristics of concrete is calculated using M-sand for the three grades of
concrete M30,M40 and M50.The M-sand is partially and fully replaced for fine aggregate. For the present investigation, concrete
cubes, cylinders and beams were casted and tested after 28 days of curing. The chosen mix design is M30, M40 and M50 with
full and partial replacement of M-sand for 30%,40%,50%,60%,70% and 100%.The tests were carried out conforming to Is 516-
1959 to obtain compressive strength of concrete at the age of 28 days.

D. Test on compressive strength
To obtain the compressive strength, 54 cubes were casted and tested. Three cubes were casted on each grade and each on partial
replacement of M-sand. The results are given below in Table 2.
Table - 2
The Cube Compressive Strength Values For Various Replacement Percentage of M-Sand.

Natural sand M-sand replacement in Compressive strength M30 Compressive Compressive strengthM50
strengthM40
percentage percentage. (Mpa) (Mpa)
(Mpa)
100 0] 36.12 46.80 54.34
70 30 38.27 48.51 56.87
60 40 41.24 51.26 58.24
50 50 44.36 53.08 61.12
40 60 47.20 55.82 64.32
30 70 45.67 52.24 62.36
0 100 42.64 50.22 60.26
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Fig. 2: Compressive Strength Variation Graph For M-Sand Replacement.
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The figure 2 shows that the increase in percentage of M-sand increases the value of compressive strength up to 60%
replacement of M-sand, beyond that there is a sharp downward side graph implies that there is decrease in compressive strength
beyond 60% replacement of M-sand with the river sand. This shows beyond 60% replacement of M-sand will reduce the strength
of concrete.

E. Test on split tensile strength
The split tensile test was carried out conforming to IS 516-1959 to obtain the 28 days strength with partial replacement of M-
sand.

Table - 3
The Split Tensile Strength Values For Various Replacement Percentage of M-Sand.
Natural sand M-sand replacement in Split tensile strength M30 | Split tensile strength M40 | Split tensile strength M50
percentage percentage (Mpa) (Mpa) (Mpa)
100 0 3.66 4.05 5.20
70 30 3.79 4.20 5.23
60 40 4.05 4.36 5.34
50 50 4.10 4.56 5.56
40 60 471 4.87 5.68
30 70 4.47 4.74 5.59
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Fig. 3: Split Tensile Strength Variation Graph For M-Sand Concrete.

The table 3 and figure 3 shows the split tensile strength values for all the grades of concrete. There is significant improvement
in the split tensile strength up to 60% replacement with M-sand. The graph shows that M-sand replaced concrete have 10% more
split tensile strength when compared with conventional concrete for 60% replacement of river sand with M-sand . Further
replacement beyond 60% gave a sharp reduction in the split tensile strength showing that the optimum percentage replacement is
60%. Replacement of natural sand with river sand yield better result up to 60% replacement of M sand for the river sand.

F. Teston Flexural strength
The Flexural strength test was carried out conforming to IS 516-1959 to obtain the 28 days strength with partial replacement of
M-sand.
Table - 4
The Flexural Strength Values For Various Replacement of River Sand By M- Sand.

N M-sand replacement | Flexural strength M30 | Flexural strength M40 | Flexural strengthM50
atural sand percentage -
in percentage (Mpa) (Mpa) (Mpa)
100 0 4.15 4.99 6.23
70 30 4.23 5.20 6.48
60 40 4.36 5.36 6.69
50 50 4.50 5.58 6.82
40 60 4.78 5.72 7.03
30 70 4.52 5.48 6.73
0 100 4.28 5.26 6.54
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Fig. 4: Flexural Strength Variation For M-Sand Replacement.

The table 4 and figure 4 showed the flexural strength values for the conventional and M-sand replaced concrete. From the
graph, it was found that there is an increase in the flexural strength values for the conventional and M-sand concrete up to 60%
replacement of river sand with M-sand. The Flexural strength value is increased by 15% more than conventional concrete for M-
sand replaced concrete up to 60% replacement compared with conventional concrete. Further increase in replacement of M-sand
results in reduction of flexural strength of the beam. The experimental results revealed that 60% replacement of M-sand with
river sand is the optimum percentage replacement for the three grades of concrete M30, M40 and M50. The test results exhibits
that the strength characteristics of concrete is enhanced by the partial replacement of sand with 60% of M-sand.

V. CONCLUSION

The following conclusions are drawn from this investigation.

— Itis observed that the compressive strength, split tensile strength and flexure strength of concrete is improved by partial
replacement of M-sand for fine aggregate.

— From the above experimental results it is proved that, M-sand can be used as partial replacement for the natural sand.

—  The compressive strength,split tensile and flexure strength are increased as the percentage of M-sand is increased upto a
maximum level of 60%.

— The experimental results revealed that the M-sand replaced concrete have 20% more compressive strength up to 60%
replacement and further increase in the percentage of M-sand, reduced the strength of concrete.

— The split tensile strength of concrete increased by 10% when compared with conventional concrete up to 60%
replacement of M-sand with river sand.

—  The flexure strength of concrete increased by 15% for 60% replacement of M-sand with river sand.

— When the percentage of replacement of M-sand goes beyond 60%, the strength is considerably reduced.

— Hence this research concluded with a remarks of the optimum percentage of M-sand to obtain high compressive
strength, split tensile strength and flexure strength, when natural sand is replaced with 60% of M-sand.

— The dwindling sources of natural sand and its cost could encourage the adoption of M-sand by 60% replacement of
natural sand.

—  The superior shape, proper gradation, and smooth surface texture of M-sand provides greater compressive strength up to
60% replacement.
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