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Abstract- Concrete is the widely used construction material in
civil engineering field. The demand and cost of cement is
increasing day to day, so experts are looking for
supplementary materials with the main objective of reducing
solid waste disposal and environmental problems, by using
waste as supplementary by maintaining the same properties or
by enhancing the properties, by using selected materials.
Quarry dust (QD)is a waste product produced during the
crushing process. It is used in partial replacement of cement
in various proportions. This quarry dust which is released
directly into environment can cause environmental pollution.
To reduce the impact of the quarry dust on environment and
human, this waste can be used to produce new products or can
be used as admixture in concrete so that the natural resources
are used efficiently and hence environmental waste can be
reduced. Different types of fibers used to increase tensile
strength and reduce cracks in the concrete.The study has been
made to evaluate the effect on mechanical and durability
properties of Mg, grade concrete made with replacement of
cement with Quarry dust, (0%, 10%, 15%, 20%, 25% and
30%) and Metakaolin, (0%, 2.5%, 5.0%, 7.5%, 10.0% and
12.5%) by weight and the addition of Steel fibers and glass
fibers in different percentages (0%, 0.5%, 1%, 1.5% and 2%).
For each set mechanical properties were studied by
performing Compression test for Cubes, Flexural test for
beams and Split Tensile test for cylinders and durability
properties were studied by performing Sulphate attack test for
cubes.

Keywords- Quarry dust, solid waste disposal,tensile strength,
Metakaolin, Compression test, Flexural test, Sulphate

1. INTRODUCTION

Concrete is probably the most extensively used
construction material in the world. The main constituent in the
conventional concrete is Portland cement. The amount of
cement manufacture release approximately equal amount of
carbon dioxide into the atmosphere. Cement production is
consuming significant amount of natural resources. That has
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brought pressures to reduce cement consumption by the use of
supplementary materials Quarry dust is a by-product from the
crushing process during quarrying activities. Quarry dust has
been used for different activities in the construction industry.
The dust produced by quarrying has already been used in the
construction industry for projects such as road building, and
making materials such as bricks and tiles. The dust has been
found to be suitable for these practices, and this makes its
transformation into a useful cement mix replacement more
likely.

Metakaolin(MK) is a pozzolanic material which is
manufactured from selected kaolins, after refinement and
calcination under specific conditions. It is a highly efficient
pozzolana and reacts rapidly with the excess calcium
hydroxide resulting from OPC hydration, via a pozzolanic
reaction, to produce calcium silicate hydrates and calcium
alumino silicate hydrates. It differs from other supplementary
cementitious materials like fly ash, slag or silica fume, in that
it is not a by-product of an industrial process; it is
manufactured for a specific purpose under controlled
conditions. It is produced by heating kaolin, one of the most
abundant natural clay minerals, to temperatures of 650-900°C.
It is a fine, natural white clay which contains the highest
content of silica.

One method to improve the brittle behavior of the
concrete is the addition of small fibers in concrete. Such
reinforced concrete is called Fibre Reinforced Concrete
(FRC). There are different types of fibers that can be used in
FRC they are Steel fibers, Glass fibers, Synthetic fibers,
Carbon fibres, Nylon fibre. In this study the steel and glass
fibers are added to concrete, leads to improvement in cracking
and tensile strength.

I1. MATERIALS & PROPERTIES

Cement
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Ordinary Portland Cement (53 grade) conforming to
IS 8112 was used. The different laboratory tests were
conducted on cement to determine initial and final setting
time, and specific gravity as per 1S 4031 and IS 269-1989. The
results confirms to the IS recommendations.

Table 1: Properties of cement

S.No| Froperties Value | Permizsible limit
as per I5: 12269-
1987
1 Specific 311 [Varies from 3.1 to
Gravity 315
2 | Tnitia] settmg | 85mm [Should not be less
time than 30 Min
3 | Fmalsettmg (321 mm | Should notbe
time more than 800
4 | Fineness test 1% =107
retamed

Fine aggregates

Locally available river sand was preferred as fine
aggregate for entire experimental work. The physical
properties of sand was carried out by taking the help of IS
383-1970 and IS 2386-1963 code books.

Table 2: Properties of fine aggregate

S.Ne Froperties Value | Permizsible
[imit as per
I5: 383-1970
1 [Spectfic Gravity [2.61 Should by
between  the
limit 2.6-2.7
2 [Fmeness 226 [Should  bs
M Iodulus between 3.4
3 |Gradng Zome [Fone Il [

Coarse aggregates

Crushed Granite stone of sizes 20mm was selected
for this work. Taking the reference of IS codes the properties
of coarse aggregate have been tested.

Table 3: Properties of coarse aggregate

SMNo | Properties Value | Permizsible

limit as per

I5: 2386-

1963

1 Specific 2.66 In between
Gravity rznge 2.6-2.8

2 Fmeness 7.68 In between

Medulus range §.5-8
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Water

Fresh potable water free from acid and organic
substances was used for mixing and curing of concrete.

Quarry dust
Quarry dust is collected from local stone crushing

units. It was sieved by IS: 90 micron sieve before mixing in
concrete.

Figure 1: Quarry dust
Chemical composition of Quarry dust

Table 4: Chemical Composition of Quarry dust

Chemical Constitent Cuarry dust

510, 62.48
ALD; 18.72

FE:DE 6.54

Ca0 483

g0 156

Nz0 NIL

E:0 0.13

Ti02 121

Loss of ignition 0.48

Physical properties of Quarry dust

Table 5: Physical Properties of Quarry dust

Phyzical Properties Value
Specific Gravity 2.36

Bulk density(Kgm®) 1760
hoisture content Nil

Metakaolin
The mineral admixture Metakaolin was obtained from

Astro chemicals Company, Chennai. The chemical formula of
Metakaolin is Al,O3 2SiO, H,0.
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Properties of steel fiber

Table 8: Properties of steel fiber

o Mo | Paramstsrs Valuss Fermizsibls limits
1 DHametar U.2 mm 0.1 mm-J mm
‘_ ] Langth 30 mm T mm - 7> mm
Figure 2: Metakaolin
. . . T | Aspecirati B0 T0-T00
Physical properties of Metakaolin FpEcteEne
. . . E Dlensity 7900
Table 6: Physical properties of Metakaolin ’ kefcum
& No Fhysical Falue
FProperties
1 Specific gravity 26
2 Color White Glass fiber
3 icls a i . . - -
- Fadticle shape | Spherical It is material made from extremely fine fibers of

glass. The glass fiber type used here is A-Rglass.

Chemical Properties of Metakaolin

Table 7: Chemical composition of Metakaolin

Chentical Constitusm Metakaoln
5i0, 6262
ALO, 2863
Fz,0, 1.07
CaD 0.15
M= 0.06
Na, O 1.57 Figure 4:Glass fiber
K0 346
TiO, 036 Properties of glass fiber
LOSS OF IGNITION 2.00 ) )
Table 9: Properties of glass fiber
a0k Farameterz Valuss
Steel fiber
1 Dhameter 0.1l mm
Fiber is a small piece of reinforcing material
. . .. . ] Langth 0mm
possessing certain characteristics properties. They can be
circular or flat. The fiber is often described by a convenient 3 Aepect Fatio =0

parameter called “aspect ratio”. The steel fiber type used here

is hooked end. 4 Tensile strangth 1700 KiFa

-

e

Dansity 2700 kgleum

111. EXPERIMENTAL WORK

In present study M3, grade concrete was designed as
per IS: 10262-2009. The weight ratio of mix proportion is 1:
1.7:2.9 keeping water cement ratio 0.45.

Figure 3:Steel fiber
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Table 10: Mix proportion

5 No Materialz Taluss
T Cameant I5E Fkglcum
2 Fine ageragata 694 ILg'cum
3 Coarse ageregate [ [134 dkgloum.
E ‘atar 75 Titr=

Cubes, cylinder sand beams conforming to IS: 516-
1964 are casted. After 24 hours the moulds were demoulded
and subjected to water curing. Before testing the cubes were
air dried for 1 day. Crushing loads, split tensile strength,
flexural strength were noted and average of 3 specimens was
determined at 7days and 28days.

ek

Figure 3(b): showing cubes in curing

Tests

A number of tests were carried out to determine the
design mix properties of concrete in the laboratory. In the
present work, the strength of the hardened concrete is
determined. The strength criterion includes measurement of
following parameters:

Compressive Strength on cubes
Flexural Strength on beams
Split Tensile Strength on Cylinders

Compression test

Compression test on cubes of size (150 x 150 x 150)
mm was performed on compression testing machine.
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Figure 4(a): testing of cubes in compressive testing machine
Split TensileTest
Split tensile was performed on cylinders of 150mm

dia and 300mm height on compression testing machine. The
failure load was recorded to find out split tensile strength.

Figure 4(b): Testing of cylinders in compressive testing
machine

Flexural Strength Test

In this modulus of rupture is calculated by testing
specimens in the universal testing machine. In this line of
fracture is the main important property in formulating the
modulus of rupture.

The modulus of rupture is denoted by “fcr*.

The "f* value is mainly based on the shortest distance of line
fracture .

3PL
If110mm < a< 133mm, f, =bd?

PL
Ifa>133mm, f = bd=

If a < 110mm, the test shall be discarded.
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IV.RESULTS

Table 11: Compressive strength of trail mix

Strength in Mpa
Mix details
7 davs Id davs 28 days
N g I
Conventional 26.7 Nimm 31].332 40.332
MN'mm MN/mm

Table 12: Optimum Value of Quarry dust

Figure 4(c): testing of beams in flexural testing machine Compressive | Split tensile | T exural
FParcanmps strength, MPa strangth strength, MPa
af quany
Durability Test: dust ki TE ki TE T TE
days | days | days | days | days | days
The concrete acid resistance was observed by two o 267 | 40.33 | 245 209 | 455 sdf
types of tests named as Acid attack factor test and Acid 10 2523 4082 | 266| 504 | 463 | 580
durability factor test. The concentrations of acids in water are
5% HCL and 5% H,SO,.concrete can be attacked by liquids 1 Rl Il Tl M Mt M
with pH value less than 6.5 and attack is severe when pH 20 28814207 | 265 | 319 | 493 | 607
value is below 5.5. At pH value below 4.5, the attack is very 2z 2012 | 4342 [ 280 34 [221 | 622
severe. As the attack proceeds, all the cement compounds gre 0 Ti12l o8| 22 | 2ael sl | 5oz
broken down and leached away. Here HCL andH,SO, which

are having pH value 3.01 and 2.75 which cause a very severe
attack are used to study the durability properties.

% Quanry dust Vs Compressive strength

50
40
30
20
10

0

7 Days

H 28 Days

10 15 20 25 30

Compressive strength (MPa)

% Quarty dust

- Graph 1: Compressive strength of Quarry dust
Figure 4(d): SULPHURIC ACID AND HCI

29 Quarry dust Vs Split tensile strength

©

S
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Figure 4(e): ACID CURING pe

20 ys

0 10 15 20 25 30
% Quarry dust

Graph 2: Split tensile strength of Quarry dust
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0u NV in Vs T .
% Quanry dust Vs Flexural strength oMetakaelin VsFlexural stirength

< 5 °
o
£ 10 S 6
=2 =
s 5 W 4 -
5 m 7 Days g, W 7Days
E 1 2 =
= 0 10 15 20 25 30  ®™28Days £, W 28 Days
o =
L @
% Quarry dust [ 0 25 5 7.5 10 125

. :
Graph 3: Flexural Strength of Quarry dust “Mstacaoin

. Graph 6: Flexural Strength of Metakaolin
Table 13: Optimum Value of 25% Quarry dust and P xu g I

Metakaolin

S i e — Table 14:Strength values of glass fiber specimens
25200 Compressive Split tensile Flexural ] ] ]
and strangth MPa | strength MPa | strength MPa % of Compressive Split renzile Flexural
Dercentage strength, MPa | strength, MPa | strength, MPa
7 ik 7 ik T % glass
Merakaolin | days | daws | days | daws | davs | daws fibers T AmE T IF 7 18 T 18
o 2012 | 4252| 28 | 34 | 521 | 623 daye | days | daps | days | days
23 2052 | 4364 | 281 | 343 | 526 | 635 0.5 | 3327 | 4827 | 311 | 378 | 505 | 6.52
3 3022 | 4528( 188 | 347 | 528 | 044 1 3169 | 4782 | 3.03 | 3.70 | 544 | 6.68
75 318 | 4602 | 281 | 249 | 531 | 648
1.3 3087 | 4748 | 2.87 | 369 | 5.26 | 6.65
10 3212 | 4745 305 | 365 | 541 | 664
125 2072 | 4466 | 282 | 238 | 524 | 440

% of glass fibres Vs compressive

o 60 strength
00 M in v 2 50
Yo Metakaolin Vs Compressivestrength £
@40
. 50 5
g& 40 = 30
22 30 2 20 - m 7 days
2< 20 [
E%" 10 m 7 Days g 10 m 28 days
S - 0 £
© % (=TT o BT B TS B« T ] W 28 Days 8 0
~ ~ ﬁ 0.5 1 1.5

% of glass fibres

% Metakaolin

Graph 7: Compressive strength of Glass fibers

Graph 4:Compressive strength of Metakaolin

%o of glass fibres Vs split tensile strength

00 Metakaolin Vs Split tensile strength = 4

4 =
=z £ 3
& 3 > m7
= b
= 2 = 2 days
‘ﬁ. wy
g 1 = 1 m28
? 5 m 7 Days § days
7 m 28 Days 20 . :
= QL9 9,9 0.9 Y =
z hd AT YRy < 0.5 1 15
= % of glass fibres
w2 %o Metalkaolin

Graph 8: Split tensile strength of Glass fibers
Graph 5: Split tensile strength of Metakaolin
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gth

m 7 days
W 28 days

flexural strength,Mpa

0.5 1 1.5
% of glass fibres

Graph 9: flexural strength of glass fibers

Table 15: Strength values of the steel fiber specimens

% of Compressive Split tensile Flexural
ctedl strength, MPa strength, MPa | strength, MPa
5 7 5 T 5

T .
Sibere | 7 days days days | days | days | daps

0.5 3264 | 4746 | 317 | 367 | 663 | 724

1 3381 | 4874 | 313 | 372 1| T.683

1.5 3468 | 51.68 | 331 | 3.91 | 723 .8

2 3341 | 4871 | 312 | 366 | 628 | 669

%% of steel fibres Vs compressive strength

=]
o

=Y
o

m 7 days

[
o

Compressive
strength,MPa

m 28 days

o

0.5 1 1.5 2
% of steel fibres

Graph 10: Compressive strength of steel fiber

%0 of steel fibres Vs split tensile
strength
5
(]
o.
24
&
s>
_; 2 m 7 days
‘@
§ 1 - W 28 days
0.5 1 1.5 2
% of steel fibres

Graph 11: Split tensile strength of Steel fibers
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% of steel fibres Vs flexural strength
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% of steel fibres
Graph 12: Flexural strength of steel fibers

Table 16:Compressive strength of steel fiber reinforced
concrete after H,SO,4acid curing

SND :/:sﬁzf Campressive strength(Nimm:)
Siber | Fdays(S9H,50, | 28days(S%HS0,)
1 05 23.12 37.24
2 L0 2451 38.12
3 15 16.32 40,91
s 10 24.12 38.34

% steel fibers VS Compressive strength
50 ‘

40
30
20

10 —
0 m 28 days

m 7 days

0.5 1 1.5 2

compressive strength,MPa

% steel fibers

Graph 13:Compressive strength for Steel fibre reinforced
concrete after H,SO, acid curing at 7 days and 28 days.
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Table 17:Compressive strength of steel fiber reinforced

concrete after HCI acid curing

ENG %5 af Compressive sorengthNimme)
stes]
Sfiber | Tdave(FRH | 28days(F3HCL)
1 0.5 2591 40.32
7 1.0 26.12 41.81
3 15 27.92 4272
4 30 2599 41.99

Compressive strength

Graph 14: Compressive strength for Steel fibre reinforced
concrete after HCL acid curing at 7 days and 28 days.

Table 18:Compressive strength of glass fiber reinforced

% steel fibers VS Compressive strength

60
40
20

0

1

% steel fibers

m 7 days
B 28days

concrete after H,SO, acid curing

SNO| % af Compressive strength( N’ )
gla=
Sfiber | T daps(3iHS0) | 28daysf5aH50,
1 0.5 2427 3923
3 1 21.29 37.52
3 15 19.63 36.12
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50
40
30
20
10

Compressive strength

% glass fibers VS Compressive strength

ddd

m 7 days
m 28 days

% glass fibers

Graph 15: Compressive strength for Glass fibre reinforced
concrete after H,SO, acid curing at 7 days and 28 days.

Table 19: Compressive strength of glass fiber reinforced
concrete after HCI acid curing

. % of Compressive strength(Nimmr)
SNO
glasz
Jiber | 7 days(9HCYD | 28davs(F3HCD
I 0.3 2531 4352
: ! 23.12 42.65
3 L3 21.35 4198
%o of glass fibers
Vs Compressive strength
o 60
z& 40
% = 20
P =
2% W 7 days
£Eg O
g ; 28 days
o

% of glass fibers

Graph 16: Compressive strength for Glass fibre reinforced
concrete after HCL acid curing at 7 days and 28 days.

V. CONCLUSIONS

By the comparison of nominal mix, the percentage

increase in Compressive Strength, Split tensile strength
and flexural strength for Partial replacement of cement
with Quarry Dust are 7.18%, 12.05% and 9.44%.

By the comparison of nominal mix, the percentage

increase in Compressive Strength, Split tensile strength
and flexural strength for Partial replacement of cement
with Metakaolin are 15.06%, 18.8% and 14.75%.

By the comparison of nominal mix, the percentage

increase in Compressive Strength, Split tensile strength
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and flexural strength for extension of glass fibers are
18.14%, 20.66% and 17.00%.

e By the comparison of nominal mix, the percentage
increase in Compressive Strength, Split tensile strength
and flexural strength for extension of Steel fibers are
23.44%, 23.52% and 27.45%.

e The optimum quantity for partial replacement of
cement by Quarry Dust is obtained at 25%.

e By making the 25 % of Quarry Dust constant, the
optimum quantity for partial replacement of cement by
Metakaolin is obtained at 10%.

e The optimum quantity for extension of Glasss fibers is
obtained at 0.5%.

e The optimum quantity for extension of Steel fibers is
obtained at 1.5%.

e The Durability result shows that steel fiber is more
effective than glass fiber.
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