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ABSTRACT
Concrete is commonly used building material, and it is extensively used, hence this project is aimed to
reduce the use of natural sand by using crushed rock powder(CRP) as a replacement for fine aggregate in
concrete .Thereby reducing the exhaustion on natural sand. The project involves the process in which fine
aggregate in concrete is replaced by CRP at 0%, 20%, 40% and 60% replacement. Grade of concrete M25 is
selected for the project. The project includes determination of compressive strength and split tensile strength
at the ages of 7 days and 28 days. The strength properties of concrete with CRP replacement are compared
with that of Normal Concrete (NC) which does not contain CRP.
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I. INTRODUCTION
Concrete is a widely used construction material
consisting of cementing material, fine aggregate,
coarse aggregate and required quantity of water,
where in the fine aggregate is usually natural sand.
The use of sand in construction results in excessive
sand mining which is objectionable. Due to rapid
growth in construction activity, the available
sources of natural sand are getting exhausted.
Also, good quality sand may have to be transported
from long distance, which adds to the cost of
construction. In some cases, natural sand may not
be of good quality. Therefore, it is necessary to
replace natural sand in concrete by an alternate
material either partially or completely without
compromising the quality of concrete. CRP is one
such material which can be used to replace sand as
fine aggregate. CRP is also commonly known as
67

QUARRY DUST. The present project is aimed at
utilizing Crushed Rock Powder (CPR)/Quarry dust
(QD) as fine aggregate in cement concrete,
replacing natural sand. The study on concrete
includes determination of compressive strength
and split tensile strength of different grades of
concrete.
Properties of aggregate affect the durability and
performance of concrete, so fine aggregate is an
essential component of concrete. The most
commonly used fine aggregate is natural river or pit
sand. Fine and coarse aggregate constitute about
75% of total volume. It is therefore, important to
obtain right type and good quality aggregate at site,
because the aggregate form the main matrix of
concrete or mortar. The global consumption of
natural sand is very high, due to the extensive use
of concrete. In general, the demand of natural sand
is quite high in developing countries to satisfy the
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rapid infrastructural growth, in this situation
developing country like India facing shortage in
good quality natural sand. Particularly in India,
natural sand deposits are being depleted and
causing serious threat to environment as well as
the society. Increasing extraction of natural sand
from river beds causing many problems, loosing
water retaining sand strata, deepening of the river
courses and causing bank slides, loss of vegetation
on the bank of rivers, exposing the intake well of
water supply schemes, disturbs the aquatic life as
well as affecting agriculture due to lowering the
underground water table etc are few examples. In
past decade variable cost of natural sand used as
fine aggregate in concrete increased the cost of
construction. In this situation research began for
inexpensive and easily available alternative
material to natural sand.
Some alternatives materials have
already been used as a part of natural sand e.g.
flyash, slag limestone and siliceous stone powder
were used in concrete mixtures as a partial
replacement of natural sand. However, scarcity in
required quality is the major limitation in some of
the above materials. Now a day’s sustainable
infrastructural growth demands the alternative
material that should satisfy technical requisites of
fine aggregate as well as it should be available
abundantly.
II. LITERATURE REVIEW
A. Chandrasekhara Reddy (2003) has conducted
experiments to study the performance of concrete
using stone dust as a replacement to sand. Sand
was replaced by quarry dust from 0 to 100% at
increment of 25%. Compressive strength and
tensile strength tests were conducted using 43
grade OPC in M20 concrete. Compressive strength
was computed at the age of 7 days, 28 days and 60
days. From the test results he observed that all the
mixes except 50% replacement achieved the target
strength. The stone dust decreases workability of
concrete due to the larger portions of fine particles.
At 75% of sand replacement, the percentage of
increase in compressive and tensile strength were
40 and 28 compared with reference mix
respectively. The unit weight increases with
increase in percentage of replacement of sand. He
concluded that sand can be replaced by stone dust
available locally without affecting strength of
concrete.
B. Ilangovan et al (2008) have conducted tests to
study the feasibility of the usage of quarry rock
68

dust as hundred percent substitutes for natural
sand in concrete. Mix design has developed for
M20, M30 and M40 grades for both conventional
concrete and quarry dust concrete. Tests were
conducted on cubes and beams to study the
strength and durability of concrete made of quarry
rock dust and the results were compared with
natural sand concrete. From the test results they
reported that permeability of quarry rock dust
concrete was less compared to controlled concrete.
The quarry dust concrete have comparatively
10-15% more strength than the ordinary concrete.
Quarry dust concrete has better durability, little
drying shrinkage value and higher water
absorption. They concluded that the replacement
of natural sand with quark rock dust as full
replacement in concrete is possible.
C. Nagabhushana and Sharada bai (2011) have
conducted experiments on concrete using crushed
rock powder as a partial replacement material for
natural sand. The percentage of replacement was
20, 30 and 40. Three grades of concrete of M20,
M30 and M40 were taken for study using 53 grade
OPC. Tests were conducted on compressive,
flexural and split tensile strength at the age of 7
and 28 days. The w/c ratio was fixed as 0.5, 0.39
and 0.31 for M20, M30 and M40 mixes
respectively. For M40 mix in addition to the water
quantity as per w/c ratio a super plasticizer was
added to keep slump of 70mm. From the test
results it was observed that the compressive,
flexural and split tensile strength was increased
and maximum at 40% sand replacement. The
percentage of increase will be inversely
proportional to the mix ratio. It was concluded that
the compressive, flexural and split tensile strength
of concrete were not affected with the replacement
of sand by crushed rock powder as fine aggregate
up to 40%.
D. Lohani et al (2012) have studied the property of
the quarry dust and the suitability to use it as
partial replacement material for sand in concrete.
Design mix of M20 grade concrete was used with
replacement of 0%, 20%, 30%, 40% and 50% of
sand by quarry dust. They conducted slump test,
compaction factor test, compressive strength
(cube, cylindrical sample), split tensile strength,
flexural strength, modulus of elasticity and water
absorption test. The durability of concrete was
studied by immersing the concrete cube in 5%
solution of MgSO4, 5% solution of NaCl and 2N
solution of HCl for 28 and 91 days and results were

International Journal for Modern Trends in Science and Technology

Volume: 2 | Issue: 06 | June 2016 | ISSN: 2455-3778

IJMTST
compared with the standards to achieve the
desired parameters. From the test results it was
observed that the concrete does not give adequate
workability with increase of quarry dust. It was due
to the extra fineness of quarry dust. Increased finer
requires greater amount of water for the mix
ingredients to get closer packing results in
decreased workability. Increase in dust content up
to 30% increases compressive strength of concrete
and if the dust content was more than 30% the
compressive strength decreases gradually. But the
compressive strength of quarry dust concrete
continues to increase with age for all the
percentage of quarry dust contents. Flexural and
tensile strength was maximum at 20% sand
replacement. From the above test results it was
concluded that quarry dust can be utilized at 20%
replacement.
III. OBJECTIVES
Development of high strength concrete mixes
by using crushed rock powder as a replacement
for natural sand.
Study of fresh and hardened properties of high
strength concrete mixes developed in the
laboratory. (Tests conducted: compression test
on concrete cubes and split tensile test on
concrete cylindrical moulds)
Comparison of results with Normal Mix







IV. METHODOLOGY
A. General:
In this study it deals with the materials that are
used in the study, namely: Cement, Coarse
aggregate, Fine aggregate and crushed rock
powder. The test methods adopted to measure the
properties of Concrete such as Compression Test,
Split tensile Test are to be explained.
Compression and split tensile tests are conducted
on cubes of standard dimensions respectively.
Based on the result of the tests conducted in the
laboratory, conclusions are drawn.
B. Materials Used:
i.
Cement:
Portland cement is one of the most widely used
cement for all types of constructional activity. The
cement used for the study was Ordinary Portland
cement (OPC) 43grade.It confirmed to the
requirements of Indian Standard Specification IS:
8112-1989.
ii.
Crushed rock powder/Quarry dust:
The Quarry Rock Dust obtained from local
quarry on the outskirt of Bellur, Karnataka was
69

used in concrete to cast test cubes and cylinders.
The physical properties of Quarry Rock Dust
obtained by testing the samples are listed in Table
3.2
iii.
Sand:
Good river sand in absence of any earthy matter
and organic matter is used. Particles are angular in
shape passing 4.75mm and retaining on 150
micron standard sieve. Sample is washed in water
to get free from earthy and silt content and dried
over a period of 48 hours in sunlight.
iv.
Coarse aggregates:
The maximum size of aggregate used is 20mm.
Well graded cubical or rounded aggregate are
desirable. Aggregates should be of uniform quality
with respect to shape and grading.
v.
Mixing water:
Ordinary potable water of normally pH 7 is used
for mixing and curing the concrete specimen.
C. Basic Tests Conducted an Materials and Their Test
Results:
Basic tests such as specific gravity, sieve
analysis, water absorption, standard consistency,
initial and final setting time, etc. were conducted
on the respective materials as mentioned above.
The results obtained are as follows:
i.
Test result of cement:
Brand: Penna cement
Grade: OPC 43 grade
Table (a): Physical properties of Ordinary Portland cement
Sl.no
Tests
Result
REQUIREMENTs As
conducted
Obtained
Per Is:12269-1987
Fineness
1.
2.33%
10% maximum
modulus
Initial setting
2.
50 minutes
30 mins. minimum
time
Final setting
3.
370 minutes
600 mins. maximum
time
4.
Specific gravity
3.14
2.99-3.15
Standard
5.
30%
---consistency

ii.

Test result of quarry dust
The different tests conducted on Quarry
dust or CRP and the results are tabulated as
shown in the table given below;
Table (b): Physical properties of Quarry dust/ Crushed rock
powder

SL.NO.

TESTS CONDUCTED

1.
2.
3.
4.

Specific gravity
Fineness modulus
Bulking of sand
Water absorption test
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iii.

Test result of fine aggregate
The different tests conducted on Natural
sand and the results are tabulated as shown in the
table below;
Table (c): Physical properties of fine aggregate

SL.NO.

TESTS
CONDUCTED

RESULT
OBTAINED

1.

Specific
gravity
Water
absorption
test
Fineness
modulus
Bulking of
sand

2.52

REQIREMENT
AS PER
IS:12269-1987
2.75 maximum

1%

2% maximum

4.3

----

3%

----

2.
3.
4.

iv.

Test result of coarse aggregate
The different tests conducted on coarse
aggregate and the results obtained are as follows;
Table (d): Physical properties of course aggregate

SL.
NO.

1.
2.
3.
4.

TESTS
CONDUCTED
Specific
gravity
Water
absorption
test
Aggregate
impact value
test
Fineness
modulus

RESULT
OBTAINE
D

REQUIREME
NT AS PER
IS:383-1970

2.70

2.85
maximum

0.5%

0.6%
maximum

11.42%

45%

1.85

----

C. Design Mix:
Since there is no standard method of designing
concrete mixes incorporating Quarry Rock Dust as
fine Aggregate. The method mix design proposed by
IS:10262-2009 is first employed to design the
Nominal Concrete mixes and finally natural sand
was fully replaced by Quarry Rock Dust to obtain
Quarry Rock Dust concrete mixes. The purpose of
mix proportioning is to produce the required
properties in both plastic and hardened concrete
by working out a combination of available
materials, with various economic and practical
standards.
[Refer APPENDIX I for detailed mix design.]
D.
Preparation
of
specimens/
mould
preparation:
Mould is cleaned properly and greased with
mould oil. Concrete is placed in the mould of
dimension 150mmX150mmX150mm in 3 layers
70

each layer of height approximately 50mm. after the
placement of first layer of concrete it is compacted
by a tamping rod of 16mm diameter, 0.6m long and
bullet pointed at the lower end. The stroke of the
bar is uniformly distributed over the cross section
of the mould. Each layer is compacted with 35
strokes and next scoop of concrete is placed
followed by same manner of compaction and top
layer is finished.
The cylindrical moulds of 200mm length and
100mm diameter are cleaned properly and greased
with oil. Concrete is placed in mould in 5 layers,
each is approximately 1/5th the mould. After the
placement of first layer of concrete it is compacted
by using a tamping rod of 16mm diameter 600mm
long and bullet pointed at the lower end .the stoker
of the bar are uniformly distributed over the cross
section or the mould. Each layer is compacted with
30 strokes and the next scoop of the concrete is
placed followed the same manner of compaction
and the top layer is finished.
E. Curing of Specimens:
The test specimens are stored in place free from
vibration, in moist air of at least 90% relative
humidity and at a temperature of 27o + 2o C for 24
hours from the time of addition of water to the dry
ingredients. After this period, the specimens are
marked and removed from the moulds and
immediately submerged in clean fresh water and
kept there until taken out just prior to test.

Fig. (a) Concrete cubes and cylinders consisting 40%
replacement of fine aggregate by quarry dust

F. Method of Testing:
Specimens are tested at the ages of 7 and 28
days. The specimens to be tested are taken out
from water and wiped to remove excess water and
grit present on the surface. 3 specimens are tested
for each type of mix at specific age. Cubes are
placed on the compression testing machine of 200
tons capacity such that the marked face faces the
observer and the cylinders are placed on the
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compression testing machine such that the
marked surface faces the observer and their side
with their principal axis lying in the horizontal
plane load is applied on the specimen and
increased at the rate of 140kg/sq cm/min until the
resistance of the specimen to the increasing load
breaks down and no greater load can be sustained.
Maximum load applied to the specimen was
recorded and compressive strength and tensile
strength of the concrete is formed out by using the
relation.


Compressive strength =

𝐏
𝐁×𝐃

 Tensile strength, ft= 2P/πdl
Where, P = ultimate load in KN.
l = length of the mould in mm.
d = diameter of the mould in mm.
B = breadth of the mould in mm.
D = depth of the mould in mm.

V. RESULTS AND DISCUSSION
This chapter presents results of hardened
properties of normal mix and partially replaced
quarry dust/CRP mixes of M25 grade concrete, for
various ages. Further the results obtained are
reported in the form of Table and Graphs
respectively.
A. Compressive Strength Test Results
The following are the tables that give the
Compressive strength results of OPC obtained in
the laboratory, when cement is partially replaced
by CRP or Quarry dust for 7 and 28 days.
i.
Sl
.
n
o.

Compressive Strength Test Results Of
M25 Grade Concrete At 7 Days:
Quar
ry
dust
repla
ced
(%)

1.

Cube
dime
nsio
n
(mm)

Cross
sectio
nal
area
(mm2)

Failur
e load
(KN)

0

2.

20

3.

40

4.

60

150 x
150 x
150

22.5 x
103

Compressive
strength
(MPa)

422

18.75

491
506

21.80
22.50

302

13.40

443
307
525
352
481
310
351
420

19.70
13.64
23.30
17.45
21.40
13.80
15.60
18.70

21.00

15.60

20.70

16.00

Fig. (b) Compressive test on concrete cube

COMPRESSIVE STRENGTH (MPA)

Table (e) Compressive strength test results at 7 days

25
20
15
10
5
0
0%

20%

40%

60%

% OF CRP REPLACED
Fig. (d) Graph of compressive strength at 7 days
Fig. (c) Split tensile test on concrete cylinder
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ii.
Sl
.
n
o.

Compressive strength test results of
m25 grade concrete at 28 days:
Quarry
dust
replac
ed (%)

Cube
dimens
ion
(mm)

Cross
sectio
nal
area
(mm2)

Failur
e load
(KN)

Compressi
ve strength
(MPa)

31.7
5
31.5 31.6
709
1.
0
0
5
31.7
713
0
30.2
679
0
28.0 29.2
631
2.
20
0
0
29.4
661
150 x
0
22.5 x
150 x
3
10
23.4
150
526
0
22.3 24.3
501
3.
40
0
0
27.4
616
0
19.0
430
0
23.5 21.3
530
4.
60
0
0
21.2
478
0
Table (f) Compressive strength test results at 28 days

cement is partially replaced by Quarry dust (CRP)
for 7and 28 days.
i.
Sl.
no.

714

30
25
20

15

Quarry
dust
replaced
(%)

Cube
dimension
(mm)

Failure
load
(KN)

Split tensile
strength (MPa)

103
3.30
99
3.15
1.
0
107
3.40
86
2.70
102
3.20
2.
20
94
3.00
100 x 200
98
3.10
95
3.00
3.
40
103
3.30
102
3.30
93
3.00
4.
60
105
3.30
Table (g) Split tensile strength test results at

3.30

3.00

3.20

3.20
7 days

3.35
3.3
3.25

SPLIT TENSILE STRNGTH(MPa)

COMPRESSIVE STRENGTH (MPa)

35

split tensile strength test results of m25
grade concrete at 7 days:

3.2
3.15
3.1
3.05
3

2.95
2.9

2.85
0%

20%

40%

60%

% OF CRP REPLACED

Fig. (f) Graph of split tensile strength at 7 days

10

ii.

5
0
0%

20%

40%

split tensile strength test results of m25
grade concrete at 28 days:

Sl.
no.

Quarry
dust
replaced
(%)

1.

0

60%

Cube
dimension
(mm)

Failure
load
(KN)

Split tensile
strength (MPa)

% OF CRP REPLACED
Fig. (e) Graph of compressive strength at 28 days

100 x 200

B. Split Tensile Strength Test Results
The following tables give the Split tensile strength
results of OPC obtained in the laboratory, when
72

2.

20
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136

4.30

124
111

3.90
3.50

133

4.25

109

3.45

3.90

4.20
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3.

40

4.

60

152

4.80

118

3.70

105
113

3.30
3.60

105

3.30

3.55

3.50
113
3.60
133
3.60
Table (h) Split tensile strength test results at 28 days

4.5

SPLIT TENSILE STRNGTH(MPa)

4
3.5
3
2.5
2
1.5

Max. cement content
=450Kg/m cube
Workability
=25-50 slump
Exposure condition
=Severe
Type of aggregate
=Crushed
angular
aggregate
Chemical admixture
= NIL
2. Test data for materials:
Cement used
=OPC 43 grade confirming to
IS: 8112-1989
Specific gravity of cement
=3.14
Specific gravity of coarse aggregate =2.70
Specific gravity of fine aggregate =2.52
Specific gravity of quarry dust (CRP)=2.10
Water absorption for CA =0.5%
Water absorption for FA =1.0%
Free moisture for CA and FA =NIL
Sieve analysis:
(a) Coarse aggregate : confirming to table 2 of IS:
383-1970
(b) Fine aggregate
: confirming to Zone I of IS:
383-1970

1
0.5
0
0%

20%

40%

60%

% OF CRP REPLACED
Fig. (g) Graph of split tensile strength at 28 days

3. Target strength for mix proportioning:
fck’= fck+1.65s N/mm2
Where, fck’= Target average compressive strength at
28 days
fck = characteristic compressive strength at
28 days = 25 N/mm2
s= standard deviation = 4 (from table 1 of
IS: 10262-2009)
fck’= 25+1.65×4
fck’=31.6 N/mm2

VI. CONCLUSION
On studying the hardened properties of concrete
for replacement of fine aggregate by Quarry
dust/Crushed rock powder, we come to a
conclusion that fine aggregate can be replaced by
quarry dust up to a optimum percentage of 20 for
both compression and tension, later any increase
in percentage of quarry dust will result in loss of
both compressive and tensile strength of concrete.
APPENDIX
Mix Design
1. Design stipulation for proportioning:
Grade designation
=M25
Type of cement
=OPC 43 grade confirming to
IS: 8112-1989
Max. nominal size of aggregate =20mm
and
downsize
Max. W/C ratio
=0.5
Min. cement content
=300Kg/m cube
73

4. Selection of water cement ratio:
From table 5 of IS: 456-2000,
Maximum water cement ratio = 0.45(for severe
exposure condition)
Based on experience, adopt W/C= 0.45
Hence OK.
5. Selection of water content:
From table 2 IS: 10262-2009,
Maximum water content for 20mm agg.= 186lts
(for 25 to 50mm slump range)
6. Calculation of cement content:
Adopted, W/C= 0.45
Water content= 186lts
Therefore, 186/C = 0.45
C = 413kg/m3 >300kg/m3
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<450kg/m3
Hence OK.
7. Proportioning of volume of CA and FA
contents:
From table 3 of IS: 10262-2009
Volume of CA corresponding to 20mm size agg.
and =0.60
fine aggregate of Zone I
8. Mix Calculation:
a. volume of concrete
=1m3
b. volume of cement
=( Mass of cement/SG of
cement)
×(1/1000) =
3
(413/3.14) × (1/1000) = 0.131m
c. volume of water = (Mass of water /SG of water)
× (1/1000)= (186/1) × (1/1000)= 0.186m3
d. volume of all aggregate = d =
total
volume
–(volume of cement +volume of water)=
1-(0.1313+0.186)=0.683m3
e. amount of Coarse aggregate = d × mass of CA
× SG of CA × 1000=0.683 × 0.60 × 2.70 ×
1000=1106.46kg
f. amount of Fine aggregate = d × mass of FA × SG
of FA × 1000=0.683 × (1-0.6) × 2.52 ×
1000=688.46kg
9. Field Adjustments:
Water absorption
(a) By CA = 0.5%
= (0.5/100) ×1106.46= 5.53 lt/m3
(b) By FA =1.0%
= (1/100) ×688.46 = 6.88 lt/m3
Adjustments:
Hence,
Water content required =186+5.53+6.88
= 198.41 lt/m3
Amount of CA =1106.46-5.53
=110.93 kg/m3
Amount of FA = 688.46-6.88
=681.58 kg/m3
10. Mix Proportion:
Water
Cement
198.41
0.48

413
1

Fine
aggregate
681.58
1.65

Coarse
aggregate
1100.93
2.66
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Trial Nominal Mix: 1: 1.65: 2.66
Replacement of FA by Quarry Dust (QD):
1. For 20% =cement : FA : QD : CA = 1: 1.32:
0.33: 2.66
2. For 40% = 1: 0.99: 0.66: 2.66
3. For 60% = 1: 0.66: 0.99: 2.66
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