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Abstract: This study Investigates the performance of high- strength concrete produced using manufactured sand (M-
sand) as a replacement for natural river sand. The increasing demand and limited availability of river sand have encouraged
the use of alternative materials in concrete production. The objective of this research is to evaluate the mechanical
properties of concrete prepared using M-sand. Experimental tests including compressive strength, modulus of elasticity,
and flexural strength were conducted. The results indicate that concrete prepared with M-sand exhibits slightly higher
strength compared to conventional concrete made with natural sand. Therefore, M-sand can be considered a sustainable
and economical alternative for modern construction practices.
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I. INTRODUCTION
High-strength concrete is defined as concrete having compressive strength greater than M55 grade according to IS
456:2000. In modern construction practices, high- strength concrete is widely used in high-rise buildings and
infrastructure projects due to its superior mechanical performance and durability. The production of high-strength
concrete requires careful selection of ingredients such as cement, aggregates, water, and ad mixtures. Among these, fine
aggregates play a crucial role in determining the strength and durability of concrete. Natural river sand has traditionally
been used as fine aggregate in concrete. However, the continuous extraction of river sand has resulted in environmental
concerns and scarcity of good quality material. Manufactured sand (M-sand), produced by crushing hard granite rocks, has
emerged as a viable alternative. M-sand possesses better gradation and is free from impurities such as silt and organic
matter.
Il. LITERATURE REVIEW

Adams Joe et al, (2013) investigated the effect of M- Sand in high performance concrete. Were experimentally
investigated the effect of M-sand in structural concrete by replacing river sand and developed high performance concrete.
Concluded that the M-sand can be used as a replacement for fine aggregate,50% replacement of fine aggregate by M-sand
give maximum result in strength and durability aspects that the conventional concrete and also proved that of the
replacement of 50% of fine aggregate by M-sand induced higher compressive strength, higher tensile strength, higher
flexural Strength. Elavenil,(2013) arrived a solution and alternative to rivers and in concrete manufacturing by studying a
well processed manufactured and as partial or full replacement to river sand is investigated. Shape characteristics of
manufactured sand, effect of micro fines on concrete characteristics such as modulus of elasticity, shrinkage, creep etc.
Concrete mix is also studies and finally concluded that the compression strength for 7 days and 28 days various from 23.8
N/mm?to 54.2N/mm?and 33N/mm?to 69N/mm?

Gopinathet al,(2013) investigated on strength of concrete by partially replacing the fine aggregate using M-Sand.M25
concrete is used as control mix with M-sand and super plasticizer and glass fibre in various percentages is investigated.
Strength modified concrete is compared with normal concrete. The results show that the significant improvement in the
strength and workability of modified concrete. The referred the concrete mix is designed as per IS 456-2000 and SP 23[3-
6]. Finally concluded that the compressive strength obtained for M-sand for 28 days is 26.66 N/mm? for the 50%
replacement of natural sand with M-Sand. Huajian Li et al,(2016)studied the effect of granite dust on mechanical and few
durability properties of manufactured sand concrete. Granite dust were mixed into manufactured sand concrete as
supplementary cementitious material to replace fly ash in different proportions.

NIRAE: ©2014-26, AM Publications, India - All Rights Reserved https://doi.org/10.26562/ijirae Page-140




WL Ry, 2

s )

g Eﬂi § JIRAE::International Journal of Innovative Research in Advanced Engineering ISSN:2349-2163
4@ Volume 13, Issue 03, March 2026 https://www.ijirae.com/archives

HERERARE https://doi.org/10.26562/ijirae.2026.v1303.08

Concluded the early strengths of manufactured sand concrete decreased with the fly ash replacement, but the
compressive strengths, bending strengths and elastic modulus increased in the later stage, when the replacement ratio
was 20%, compared with pure cement concrete. The 56 days chloride penetration resistance of the modified concretes
was enhanced remarkably. Jaishankar, (2016) studied the concrete mixes with normal river sand were replaced by M-sand
by a constant percentage and cement was replaced by metakolin in various percentages such as 5%,10%,15% and
20%.Concrete specimens containing metakolinwere studied for their compressive, tensile and flexural strengths according
to Bureau of Indian Standards. Finally concluded the compressive strength values were increased with metakaolin content
if cement was replaced with metakaolin up to 15%. The comparison of the compression strength test result at 7,14, and
28 days, and was observed that MK 15 (15%MK & 50% M-sand) showed maximum strength compare to other
replacement percentage. Jayaramanet al,(2012)studied on optimization of fully replacement of natural sand by M-sand. In
high performance concrete with Nano-Silica. The optimization of fully replacement of manufactured sand by natural sand
with Nano-silica in high performance concrete.The ordinary Portland cement is partially replaced with nanosilica by 0.75%
and natural sand is fully replaced with manufactured sand and concluded that the addition of Nano-Silica leads to a
significance increase in the characteristic strength and durability of concrete. Replacement of cement with 0.75% of
nanosilica gives more strength than the M- sand mix and also the durability has been increased compared to the M-sand
mix. The work ability decreases with the addition of Nano-silica compared to the conventional mix and the M -sand mix.
The penetration level of chlorides and acids are less in Nano concrete compared to that of conventional and M-sand mix.
Jose Ravindra Raj,(2014)investigated on high strength concrete made using manufactured sand, with coconut shell and
steel fibre.

The combined effect of 50% manufacturing sand as fine aggregate replacement and coarse aggregate with 50% coconut
shell and steel, sisal fibres as reinforcement for high strength concrete. Finally concluded that the 15% of silica fume, 50%
manufacture sand and 50% coconut shell with 2% steel fibres has increased both strength and the tensile strength of high
strength concrete. Kah Yen Foonget al, (2015) studied on enhancement of the mechanical properties of lightweight oil
palm shell on concrete using rice husk ash and manufactured sand. The study explores the use of rice husk ash (RHA) and
manufactured sand (M-sand) as replacements forcement and fine aggregate, respectively, in lightweight oil palm shell
concrete (OPSC). The first stage of the study, the effect of various cement replacement levels, with RHA (5%, 10%, 15%,
and 20%) and 100% sand replacement with M-sand and quarry dust(QD), on the compressive strength of OPSC was
investigated and concluded that the highest compressive strength of OPSC of about 51.49 MPa was achieved with the use
of 15% RHA and M-sand. In the second stage the variables of RHA(Oand 15%) and M-sand (0, 50%, and 100%) were used
to investigate their combined effects on the mechanical properties of OPSC. It was found that the combination of 15%
RHA and 100% M-sand gave the best performance of OPSC in terms of mechanical properties, such as compressive,
splitting tensile, flexural strength, and Young's modulus.

Krishna Rao et al,(2016) investigated the effect of M-sand on abrasion resistance of roller compacted concrete containing
GGBS (Ground Granulated Blast Furnace Slag). The cement was partially replaced by GGBS from 0% to 60%, fine
aggregates of three combinations were used. River sand (100%-series A), M-sand (100%- series B) and combination of
river sand and M-sand (50% each —series C). Concluded that the strength values increased up to 50% replacement level
from 7 days in comparison with control mix concrete, this is due to the fact that the GGBS is contributing the later
strength of the concrete. Li Beixinget al,(2009) studied on effect of limestone fines content in manufactured sand on
durability properties of low-and high-strength concrete. The effect of lime stone fines content in manufactured sand on
compressive strength, chloride ion permeability and freeze-thaw resistance of both low-and high-strength concretes is
investigated. Theabrasion resistance of concretes and sulphate attack of mortars were also tested. Concluded that the
incorporation of up to 15% limestone fines as a partial replacement for fine aggregate in low-strength MS concrete and
10% limestone fines for in high-strength MS concrete improved compressive strength. The abrasion resistance of MS
concretes showed an improvement at 7% and 10% limestone fines, and more than 10% of limestone fine considerably
increased the abrasion loss. Magudeaswaranet al,(2016) investigated the high performance concrete composite using M-
sand. The performance of concrete in terms of workability of manufactured sand, industrial waste and using admixture in
concrete and concluded that the mix of 10% silica fume with M-Sand achieved a maximum of 32% increase in compressive
strength when compared with control mix at28 days. The tensile strength of mix 10% silica fume with M-Sand was found
to increase to a maximum of 30% when compared with control mix. There is an increase in flexural strength with the
addition of M-Sand and the mix of 10% silica fume, 20% fly ash with M-Sand achieved a maximum flexural strength of 30 %
higher than the control mix. Nimitha Vijayaraghavan,(2013) studied on effect of manufactured Sand on compressive
strength and workability of concrete. The partial and full replacement of natural sand by manufactured sand is compared.
The compressive strength and workability of manufactured sand concrete with natural sand concrete in varying
proportions are considered. Concluded the50% replacement with admixture the compressive strength increases by 5.7%
and 100% replacement of natural sand by crushed sand by 7.03%, which is maximum. Nithyambigai,(2015) investigated the
partial replacement of manufactured sand and fly ash in concrete. The strength of concrete mix at 28 days and56 days are
found by replacing with 25% and 50% of M-sand on fine aggregate and 25% and 50% of fly ash for cement. For M35 grade
of cement concrete the maximum replacement level of fly ash and M-sand were 50%. Prakash Nanthagopalanet al,(2011)
investigated the fresh and hardened properties of self-compacting concrete produced with manufactured sand. An
attempt was made to understand the .influence of paste volume and w/p ratio (water to powder ratio) on the properties
of self-compacting concrete (SCC) using M-sand. Low and medium strength (25-60 MPa) SCCs were achieved by using
M-sand.

NIRAE: ©2014-26, AM Publications, India - All Rights Reserved https://doi.org/10.26562/ijirae Page-141




e Ay,

% EET :% NIRAE::International Journal of Innovative Research in Advanced Engineering ISSN:2349-2163
4@ Volume 13, Issue 03, March 2026 https://www.ijirae.com/archives
HERERARE https://doi.org/10.26562/ijirae.2026.v1303.08

Finally concluded that relatively higher paste volume is essential to achieve the required flow for SCC using M-sand, as
compared to river sand, and successfully found the possibility of using manufactured sand in producing SCC.
Priyankaet al,(2012) investigated on the properties of concrete containing manufactured sand. The effect of water cement
ratio on fresh and hardened properties of concrete with partial replacement of natural sand by manufactured sand was
investigated. Concrete mixM20gradewasdoneaccordingtolndianStandardcode (IS: 10262). Concluded the compressive,
tensile and flexural strength of concrete with 60% replacement of natural sand by manufactured sand reveals higher
strength as compared to reference mix. Priyanka et al,(2013) studied on effect of replacement of natural sand by
manufactured sand on the properties of cement mortar. The effect of water cement ratio on hardened properties of
cement mortar with partial replacement of natural sand by manufactured sand is investigated. Designed mortar mix having
proportion as 1:2, 1.3 and 1.6 with water cement ratio of 0.5 and 0.55 are considered. Concluded the compressive
strength of cement mortar with 50 % replacement naturals and by manufactureds and reveals higher strength as
compared to reference mix. The overall strength of mortar linearly increases from 0%, to 50% for replacement of natural
sand by manufactured sand as compared with reference mix. Shanmugapriyaet al,(2012) have studied on optimization of
partial replacement of M-sand by natural sand in high performance concrete is combination with silica fume. Concrete
mixes were evaluated for compressive strength and flexural strength. The ordinary Portland cement was partially replaced
with silica fume by 1.5%, 2.5 %, and 5% and natural sand was replaced with manufactured sand by 10%, 30%, 50%, and
70%. The results indicated that there is an increase in the compressive and flexural strength of HPC nearly 20% and 15%
respectively with the increase of manufactured sand percentage. The optimum percentage of replacement of natural sand
by M-sand is 50%. The results also revealed that increase in percentage of partial replacement of silica fume, increased the
compressive and flexure strength of High Performance Concrete. Syam Prakash,(2007) investigated ready mixed concrete
using manufactured sand as fine aggregate. The physical and mechanical properties of M-Sand and ready mixed concrete
using M-Sand are considered. Three type of admixtures FOSROC, CERAPLAST, and SIKAMENT are used, founded that
the compressive strength on 7 days and 28 days are 18.86 MPa and 29.05MPa respectively. Xinxin Ding et al,(2016)
studied long-term compressive strength of concrete with manufactured sand. Influences of stone powder content on
long-term compressive strength of concrete with different water-to-cement ratios were investigated. Concluded that the
cohesiveness of fresh concrete was improved with the increase of stone powder content, 9% stone powder content was
the best for workability. A 13% of stone powder content in manufactured sand has positive effect on the long-term
growth of compressive strength of concrete. Zhou Mingkaiet al, (2008) investigated the effects of manufactured-sand on
dry shrinkage and creep of high- strength concrete. The influences of natural sand, manufactured-sand (MS) and stone-
dust (SD) in the manufactured-sand on workability, compressive strength, elastic modulus, drying shrinkage and creep
properties of high-strength concrete were tested, compared and concluded that the reasonable content 7%-10.5% of SD
in MS will not deteriorate the workability of MS-HSC. It could even improve the workability. Moreover, the compressive
strength increases gradually with the increasing SD content, and the MS-HSCwithlowSDcontentof7%.Theelasticmodulusof
the natural sand HSC reduces when the SD content is high.
Ill. MATERIAL PROPERTIES

The important properties of manufactured sand that influence concrete performance include particle shape, particle size
distribution, and surface texture. Proper gradation ranging from 150 ym to 4.75 mm helps in reducing voids in concrete
and improving workability. General requirements of M-sand include:
e All sand particles should possess high crushing strength.
e The particle surface should be relatively smooth.
e The edges of particles should be properly graded.
¢ The percentage of fines below 600 pm should be less than 30%.
« Silt content should not exceed 2 %.
e Fineness below 75um should not exceed 15%.

IV. EXPERIMENTAL PROGRAM
A. Compressive Strength Test
In the case of cubes, the specimen is placed in the machine in such a manner that the load is applied to opposite sides of
the cubes as cast.

Figure 4.1 Cube Compression Test
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The axis of the specimen is carefully aligned with the Centre of thrust of the spherically seated plate. No packaging is used
between the faces of the test specimen and the steel plate of the testing machine. A spherically seated block is brought to
bear on the specimen; the movable portion is rotated gently by hand so that uniform seating maybe obtained. The load is
applied without shock and increased continuously until the resistance of the specimen to the increasing load breaks down
and no greater load can be sustained. The maximum load to the specimen is then recorded. The compression strength
values of all the cubes are found as shown in Figure4.1.

B. Modulus of elasticity

For each mix three cylinder of size 150mm diameter and 300mm long were cast to determine the modulus of elasticity of
concrete. The cylinder were placed inside the young’s modulus testing apparatus called compressometer, providing equal
clearance to top and bottom of specimen. Each cylinder was tested in 300T capacity compression testing machine. Loads
were applied by means of 0.5T and reading is noted in the deflectometer. The results were tabulated. Tests were
conducted as per IS 516-1959. The cylinder kept in the compression testing machine as shown in figure 4.2.

Figure 4.2 Test Setup of E for Concrete

C. Flexural Strength Test

For each mix three prism of size 500mm long, 100mm breadth, and 100mm depth were cast to determine the flexural
strength of concrete. The prism were placed on the two supports. The applied load is distributed by two points (two
point load). The load is applied gradually, the breaking points of the results are tabulated. Tests were conducted as per IS
516-1959. The sample prism kept in the table shown in figure 4.3.

Figure 4.3”:"I"est Setp of Flexural Strength

V. CONCLUSION
The experimental investigation demonstrates that the use of manufactured sand in high-strength concrete improves
mechanical properties such as compressive strength, modulus of elasticity, and flexural strength. M-sand provides a
sustainable and economical alternative to natural river sand while maintaining or enhancing structural performance.
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