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ABSTRACT.  River Sand is expensive due to excessive cost of transportation from natural 
sources. Also large scale depletion of these sources creates environmental problems. As 
environment, transportation and other constraints make the availability and use of river sand 
less attractive, a substitute or replacement product for concrete industry needs to be found. 
River sand used as fine aggregates in production of concrete poses the problem of acute 
shortage in all parts of country. 
The continuous use of this has started posing serious problem with respect to its availability, 
cost and environmental impact. 
In such a situation crushed stone sand (CSS) may be a suitable alternative to river sand. CSS 
can be defined as residue, tailing or other non-valuable waste after the extraction and 
processing of rocks to form fine particles less than 4.75 mm. Use of CSS in concrete is 
drawing attention to researchers and investigators. 
In this research, various mix designs have been developed for different water-cement ratios 
using standard design codes for both conventional concrete and CSS concrete. 
Tests are conducted on cubes and beams to study the strength of concrete made of CSS 
concrete and results are compared with Natural sand concrete. An attempt has also been made 
to durability studies on CSS concrete when compared with Natural sand concrete. It is found 
that compressive strength, flexural strength and durability studies of concrete made of CSS 
concrete is better than conventional concrete upto 15% replacement of natural river sand by 
CSS. 
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INTRODUCTION 
 
Concrete is one of the most widely utilized material globally with total production of about 
25 billion tonnes per annum. Its key ingredients are cement, fine aggregate, coarse aggregate, 
water and admixtures etc. with rapid surge in the growth rate of globalization and 
urbanization comes into industrial demand for the raw materials in the concrete industry. The 
exponential demand for the fine aggregate i.e. natural sand exerts tremendous stress on the 
natural reserves of sand i.e. river beds. 
Researchers have assessed and tried to establish the feasibility of a wide range of industrial 
waste products such as slag, rubber tyre, recycled glass, pond ash, waste foundry sand, plastic 
waste, stone waste etc. as a substitute or partial replacement for fine aggregate in the concrete 
production. In 2012 the world’s total production of dimension stones came out to be 125 
million tons. 
 
Materials 
 
The materials for the study comprised of cement, fine aggregates, crushed stone sand, coarse 
aggregates, admixture and water. Portland Pozzolana cement was used in most of concrete 
design mixes. The fine aggregates included Natural River sand from River Banas and crushed 
stone sand from Gunavata and Chandwaji region in the State of Rajasthan. The coarse 
aggregates selected for study comprised of 20 mm and 12.5 mm-sized aggregates. High range 
water reducer admixtures were incorporated to reach the desired workability. 
 
Experimental Program 
 
The experimental program was divided into two parts. The first part was dedicated to 
examine the effect of fine aggregates type, grading and blend ratio on the fresh and hardened 
properties of concrete. The second part of the program focused on the optimization of the 
selected design mix. 
In this research work, we were replacing of sand by crushed stone sand. We were taking 
replacement of fine aggregate is 15%, 25%, 50%, 75% and 100% by crushed stone fines for 
both two series of w/c of 0.40 and 0.45. 
The samples were tested for slump, compressive strength and flexural strength. The effects 
on each of these properties were examined by changing the percentage replacement of 
Natural River sand (NS) with crushed rock sand (CRS). An optimization study was 
performed to study the effect on the properties of concrete. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 1 Design Mix for W/C – 0.40 
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0% 370 0 765.3 465.6 700.1 148 0.8 0.95 

15% 370 114.8 650.5 465.6 700.1 148 0.85 0.93 

25% 370 191.3 574 465.6 700.1 148 0.90 0.94 

50% 370 382.6 382.6 465.6 700.1 148 0.95 0.93 

75% 370 574 191.3 465.6 700.1 148 1.0 0.93 

100 370 765.3 0 465.6 700.1 148 1.1 0.93 

 
 

Table 2  Design Mix for W/C – 0.45 
 

R
EP

LA
C

EM
EN

T 

C
EM

EN
T 

(k
g/

m
3 ) 

ST
O

N
E 

FI
N

ES
 

(k
g/

m
3 )

 

SA
N

D
 (k

g/
m

3 )
 

10
 m

m
 (k

g/
m

3 )
 

20
 m

m
 (k

g/
m

3 )
 

W
A

TE
R

 (k
g/

m
3 )

 

A
D

M
IX

TU
R

E 
(in

 
%

 o
f c

em
en

t) 

C
O

M
PA

C
TI

O
N

 
FA

C
TO

R
 

0% 330 0 780.4 475.6 712.5 148.5 0.75 0.95 

15% 330 117.0 663.3 475.6 712.5 148.5 0.8 0.94 

25% 330 195.1 585.3 475.6 712.5 148.5 0.84 0.93 

50% 330 390.2 390.2 475.6 712.5 148.5 0.91 0.92 

75% 330 585.3 195.1 475.6 712.5 148.5 0.95 0.94 

100 330 780.4 0 475.6 712.5 148.5 1.00 0.89 

 
 

 
 
 
 



RESULTS AND DISCUSSION 
 
Workability 
Workability of concrete maintained at a constant level by varying the dose of 
superplasticizer. If the Crushed Stone Sand is added without increasing the superplasticizer, 
then the workability decreased. 
The results of workability (regarding compaction factor) for various replacement series are as 
shown in the table below- 

Table 3  Compaction Factor Results 
 

S. NO. REPLACEMENT 
COMPACTION 

FACTOR 
(W/C – 0.40) 

COMPACTION 
FACTOR 

(W/C – 0.45) 
1. 0% 0.95 0.95 
2. 15% 0.93 0.94 
3. 25% 0.94 0.93 
4. 50% 0.93 0.92 
5. 75% 0.93 0.94 
6. 100% 0.93 0.93 

 
 
Density of fresh and Hardened Concrete 
 

 
 

Figure 1  Density of Fresh and Hardened Concrete (W/C – 0.40) 
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Figure 2 Density of Fresh and Hardened Concrete (W/C – 0.45) 
 
 
Compressive Strength of Concrete 
 

 
 

Figure 3  Compressive strength of concrete at varies CSS replacement (W/C – 0.40) 
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Figure 4 Compressive strength of concrete at varies CSS replacement (W/C – 0.45) 
 
 
Flexure Strength of concrete 
 
The results of flexural strength up to a period of 90- days are taken. As compressive strength, 
the flexural strength of concrete exhibit similar pattern.  
 

 
 

Figure 5 Flexural strength of concrete at different CSS replacement (W/C – 0.40) 
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Figure 6  Flexural strength of concrete at different CSS replacement (W/C – 0.45) 

 
 
Split Tensile Strength 
 
The results of split tensile strength up to a period of 90- days are taken. As compressive 
strength, the split tensile strength of concrete exhibit similar pattern. 
 

 
 

Figure 7 Split Tensile Strength of concrete at different CSS replacement (W/C – 0.40) 
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Figure 8  Split Tensile Strength of concrete at different CSS replacement (W/C – 0.45) 

 
 
Abrasion Test 
 
CSS is derived from the sedimentary rock which hardness is less, and the abrasion property 
of concrete is the function of surface texture and hardness. Therefore, depth of wear is 
increased as the replacement level of CSS increases. 
 

 
Figure 9  Thickness loss versus CSS replacement (W/C – 0.40) 
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Figure 10 Thickness loss versus CSS replacement (W/C – 0.45) 

 
 
DIN Permeability Test 
 

 
Figure 11  Water permeability at various replacement level (W/C – 0.40) 
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Figure 12 Water permeability at various replacement level (W/C – 0.45) 

 
 

CONCLUSION 
 
The workability of the CSS substituted concrete was lesser than the control concrete and it 
was observed that the workability decreased with increase in the percentage replacement for 
both the w/c ratio. The loss of workability can be easily recovered with the application of 
new generation super-plasticizers. 
Upto a certain optimum percentage replacement of the CSS substituted concrete enhanced the 
compressive strength of the concrete as compared to the control concrete. The compressive 
strength started decreasing for substitution beyond this optimum replacement attaining even 
lesser value than the control concrete at very higher percentage replacement. 
The optimum percentage replacement for all w/c was found to be 15%.  A significant 
decrement was observed in the value of compressive strength beyond 15% for both w/c. 
The same trend was observed for all the compressive strength measurements at 7d, 28d and 
90d. 
The flexure strength and split tensile strength results followed the same trend as the 
compressive strength. 
Abrasion of concrete containing sandstone is more because abrasion mainly depends upon 
hardness and as we know that sandstone is derived from the sedimentary rock which hardness 
is comparatively less therefore the abrasion value is more. However, the abrasion values are 
still within the desired limits. 
From the DIN-Permeability result it is observed that the depth of penetration increases with 
increase in CSS replacement. 
So from the above study it can be concluded that up to a 15% replacement the use of crushed 
stone sand as a partial replacement of fine aggregate can be beneficial in cement concrete 
without sacrificing the desired strength. However beyond 15 % replacement the Concrete mix 
can be utilized for non-structural purposes. 
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