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ABSTRACT 

 

Concrete plays a major role in the construction industry and a large quantum of 

concrete is being utilized. River sand, which is one of the constituent used in the 

production of conventional concrete, has become expensive and also a scarce 

material. In view of this, there is a need to identify suitable alternative material from 

industrial waste in place of river sand. The utilization of quarry dust which is a waste 

material has been accepted as building material in many countries for the past three 

decades.  

 

Concrete traditionally consists of cement, fine aggregate, coarse aggregate 

and water. An attempt has been made to replace the fine aggregate with quarry dust 

with an objective of utilizing the waste material. It is found that quarry dust improves 

the mechanical properties of concrete when used along with super plasticizers.% 

were found to be usable. To produce a workable concrete at such low W/CM, the use 

of super plasticizer is most of the time, essential. 

 

At present time, gypsum is used only for interior applications as 

plasterboards, blocks for bathroom walls or as fire safeguards. Only few research 

workers deal with utilization of materials on gypsum basis for exterior applications 

 

The paper presents the experimental investigation conducted on Quarry Dust 

and Gypsum concrete to evaluate the compressive, split tensile strength and flexural 

strength in residual strength, ductility, initial stiffness, and rotation capacity. In the 

preparation of concrete, and fine aggregate was replaced at various percentage levels 

such as 0%,25%,50%,75% and 100% and control concrete was also prepared for 

comparison purpose were prepared. With the maximum compressive strength of 

concrete cube we casted a beam of 1200mm length 200mm depth and 150mm width, 

with this we calculated a Ductility, Stiffness and Residual strength with  basics tests 

on mortar and concrete were conducted and obtained for different proportions. 
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INTRODUCTION 

 

1.1 GENERAL 

Major initiatives are taken 

by developing countries like India in 

developing the infrastructure such as 

express highways, power projects, 

industrial structures, ports and 

harbours to meet the requirements of 

globalization in construction of 

buildings and other structures. 

Concrete plays a major role in the 

construction industry and a large  

 

quantum of concrete is 

being utilized. River sand, which is 

one of the constituent used in the 

production of conventional concrete, 

has become expensive and also a 

scarce material. In view of this, there 

is a need to identify suitable 

alternative material from industrial 

waste in place of river sand. The 

utilization of quarry dust which is a 

waste material has been accepted as 

building material in many countries 

for the past three decades. Recycling 

involves processing used materials 

into new products in order to prevent 

the waste of potentially useful 

materials, reduce the consumption of 

fresh raw materials, reduce energy 

usage, reduce air and water pollution 

by reducing the need for conventional 

waste disposal and to lower green 

house gas emission as compared to 

virgin production. Recycling is the key 

component of modern waste 

management system and is the third 

component of waste hierarchy, 

.Reduce, Reuse, and Recycle.. 

Concrete traditionally consists of 

cement, fine aggregate, coarse 

aggregate and water. An attempt has 

been made to replace the fine 

aggregate with quarry dust with an 

objective of utilizing the waste 

material. It is found that quarry dust 

improves the mechanical properties of 

concrete when used along with super 

plasticizers.% were found to be 

usable. To produce a workable 

concrete at such low W/CM, the use of 

super plasticizer is most of the time, 

essential. 

At present time, gypsum is 

used only for interior applications as 

plasterboards, blocks for bathroom 

walls or as fire safeguards. Only few 

research workers deal with utilization 

of materials on gypsum basis for 

exterior applications. These materials 

are modified using different types of 

admixtures as: 

 

 plasticizers 

 water proof 

(hydrophobization) 

 setting regulators 

(retardants or 

accelerators) 

Or fillers as: 

 fibers 

 clay 

 fly ash 

 quarry dust 

 thermal insulation 

(polystyrene, 

perlite, 

vermiculite) 

Combination of various admixtures of 

fillers types is very frequent. Gypsum 

composite materials are frequently 

marked as GBCM (Gypsum Based 

Composite Materials) in foreign 

countries. For an example, a new 

material of this type was tested in 

Mexico, where modified gypsum 

binder by means of styrene-butadiene 
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resin (SBR) in a resin/gypsum 

proportion of 0.05–0.2. The volume 

density, the bending strength and the 

modulus of elasticity were measured 

on different types of samples. The 

effect of resin on the microstructure 

was also observed by the ESEM 

electron microscope. The results were 

compared with the values measured on 

unmodified gypsum. Colak modified 

gypsum by adding foaming agents 

supporting this reaction by the 

addition of citric acid as a retardant 

and carboxyl methylcellulose (CMC) 

as an addition increasing the viscosity 

supporting the formation of foam and 

gas during the reaction. In final 

products, he compared the volume 

density and the compressive strength. 

Tazawa used gypsum-polymer 

composites, which were at first 

vacuum-treated and then impregnated 

with methylmetacrylate (MMA) and 

azobisisobutyronitrile applied in a bath 

for a period of 20 hours at 60 °C, 

comparing the bending strength, the 

compressive strength and the modulus 

of elasticity. Other modifications 

using polymers were made by They 

reinforced gypsum with fibreglass of 

E-glass type (up to 13 % of the matrix 

by weight) and modified the binder, 

which was α-gypsum in this case, by 

means of polymers of the Forton type 

based on acryl polymers. One is 

produced specifically for use in 

gypsum binders, while the other is 

added to cement. The other 

components were a plasticizer – 

Melamine, a setting retardant, a 

catalyst and an addition preventing 

foaming. The volume density and the 

relationships of strength 

characteristics (bending strength, 

tensile strength and long-term fatigue 

strain) under variable placement – the 

temperature and moisture content 

effects, were determined for three 

materials with variable compositions. 

This material, marked as Forton- 

Jesmonite PGRG (Polymer-modified 

glass fiber 

 

 

REVIEW OF LITERATURE 

2.1 GENERAL 

 The literature survey 

was carried out and it was found that 

almost all the researchers have 

concentrated utilisation of quarry dust 

as a partial replacement of cement in 

ordinary Portland cement concrete. A 

detailed overview of the quarry dust 

carried for the various test 

compressive strength, split tensile 

strength, deflection etc, are discussed 

the specific conclusion drawn from the 

various experimental studies are 

summarized in the following studied. 

2.2 LITERATURE REVIEW 

 Sivakumar and Prakash M. 

carried out an investigation on the 

mechanical properties of concrete with 

quarry dust. They reported that the 

quarry dust may be used as an 

effective replacement material for 

natural river sand which increased the 

strength. 

 Ilangovana. R et al. carried 

out an investigation on strength and 

durability properties of concrete 

containing quarry rock dust as fine 

aggregate. It was reported that the 

physical and chemical properties of 

quarry rock dust as well as the 

durability of quarry rock dust concrete 

under sulphate and acid action was 

better than that of conventional 

concrete. 

 Nima Farzadnia et al. 

explored the possibility of 

incorporating mineral admixtures in 

sustainable high performance 

concrete. It was found that mineral 
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admixtures, whether industrial by 

products or agro-waste minerals, used 

to reduce cost of concrete. 

 Shanmugapriya et al.  made 

an investigation on optimization of 

partial replacement of M-sand by 

natural sand in high performance 

concrete with silica fume. It was 

reported that M-sand and silica fume 

increased the flexural and compressive 

strength. 

Marek et al (1995) described 

a method to quantify the particle 

shape, surface texture and grading by 

measuring the uncompacted voids. 

Fletcher et al (2002) described 

an image analysis technique for 

determining the grain size and shape 

distributions of fine aggregate. This is 

a potentially useful method of 

classifying quarry products in order to 

determine their suitability for various 

applications including concrete.  

Garboczi et al (2001) depicted 

how a combination of X-Ray 

tomography, image analysis-type 

techniques, and spherical harmonic 

analysis can give a complete 3-D 

mathematical characterization of an 

aggregate particle. Databases of 3-

dimensional aggregate shape can be 

constructed and characterizing various 

aggregate sources is possible.  

Kim et al (2001) described a 

prototype laser scanner for 

characterizing the size and shape 

parameters of aggregate. The Laser 

Based Aggregate Scanning System 

(LASS) is being developed at the 

University of Texas at Austin to 

characterize rapidly the various 

properties of construction aggregate. 

The LASS is expected to provide the 

characteristics including angularity 

and particle texture. This ability to 

analyze the multiple characteristics of 

aggregate automatically will enable 

the aggregate producers to monitor the 

various quality aspects of the products 

while they are being produced, so that 

instant process adjustments can be 

made to ensure better quality products. 

Shukla et al (2000) confirmed 

that the replacement of sand by stone 

dust reduces the workability of the 

concrete, whereas the compressive 

strength and split tensile strength of 

concrete mixes increase up to 40% 

replacement of sand by stone dust.  

Ahn et al (2001) asserted that 

the mortar compressive strength was 

decreased as the MBV increased. 

Mortar drying shrinkage showed a 

similar trend for correlation among 

test results as compressive strength 

and also it is increased as absorption 

capacity increased. It was confirmed 

that good quality concrete can be 

made with manufactured fines 

contents up to 17% without using 

admixtures. Compared with concrete 

made of natural sand, high fines 

concrete generally had higher unit 

weight, higher flexural strength, 

improved abrasion resistance, and 

lower permeability.  

Sahu et al (2003) found that 

the concrete made with the 

replacement of natural river sand by 

crushed stone dust waste can attain the 

same compressive strength, 

comparable tensile strength and 

modulus of rupture as the control 

concrete. Concrete made with this 

replacement can attain lower degree of 

shrinkage as that of control concrete.  

Topçu et al (2003) evolved 

that the compressive strength and 

flexural strength were increased when 

replacing the sand by limestone of less 

than 2mm grain size. The durability 

properties such as permeability, 26 

absorption and porosity were 

decreased when the filler was 7 to 
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10%. In excess of this, no changes or 

detrimental effects were observed 

EXPERIMENTAL RESULTS AND 

DISCUSSIONS 

4.1 GENERAL 

The fresh and hardened 

concrete properties of cement content 

such as M20 were studied in detail. 

The mechanical properties of all the 

concrete mixes with W/C @ 0.5 for all 

concrete mixes with and without 

quarry dust are described in this 

chapter. Also the mechanical 

properties such as Compressive 

strength, Split tensile strength, 

Flexural strength of beam. 

 

4.2 WORKABILITY TEST 

 

Apparatus and Materials  

Equipment Required  

 

Slump cone - a mould of 1.18 

mm thick galvanized metal in the form 

of the lateral surface of the frustum of 

a cone with the base 200 mm in 

diameter, the top 100 mm in diameter 

and the height 300 mm. The base and 

the top shall be open and parallel to 

each other and at right angles to the 

axis of the cone. The mould shall be 

provided with a foot piece on each 

side for holding the mould in place, 

and with handles for lifting the mould 

from the sample. Tamping Rod - a 

round, straight steel rod 16 mm in 

diameter and approximately 600 mm 

in length. The tamping end shall be a 

hemisphere 16 mm in diameter. 3.  

Procedure  

Sample Preparation The 

sample of concrete from which test 

specimens are made must be 

representative of the entire batch. It 

shall be obtained in accordance with 

STP 106. 3.2. Test Procedure Dampen 

the mould and place it on a flat, moist, 

non-absorbent rigid surface. Hold 

firmly in place by standing on the two 

foot pieces. Fill the cone 1/3 full and 

uniformly rod the layer 25 times to its 

full depth. Fill the cone with a second 

layer until 2/3 full by volume and rod 

25 times uniformly, ensuring that the 

rod just penetrates into the first layer. 

Overfill the cone with the third layer 

and rod uniformly, 25 times, with the 

rod just penetrating into the second 

layer. Strike off the excess concrete 

level with the top of the cone by a 

screening and rolling motion of the 

tamping rod. Remove any spilled 

concrete from around the bottom of 

the cone. Immediately remove the 

mold from the concrete by raising it 

carefully in a vertical direction 

without lateral or torsional motion. 

Measure the difference between the 

height of the mold and the height of 

the specimen at its highest point to the 

nearest 6.3 mm. This distance will be 

the slump of the concrete. 

Table 4.1 Slump Cone Test 

4.3 COMPRESSIVE STRENGTH  

 

OF CUBE 

SI.N0. Description of 

mix 

Height of Slump 

Cone (mm)  

1 Control 

concrete 

276 

2 25% Quarry 

dust  

271 

3 50% Quarry 

dust  

266 

4 75% Quarry 

dust with 

gypsum 

272 

5 100% Quarry 

dust with 

gypsum 

278 
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Compressive test of concrete 

with and without quarry dust with 

different percentage viz., 

0,25,50,75,100. Is presented in Table 

4.2 and graph 4.2 

 

 

 

Apparatus and Materials  

Equipment Required  

Moulds - cylindrical in 

form,made of non-absorbent material, 

and substantial enough to hold their 

form during the moulding of test 

specimens. Standard moulds shall be 

150 mm in diameter and 300 mm in 

length. Moulds shall be water tight 

and the base plate or bottom shall be at 

right angles to the axis of the cylinder. 

Tamping Rod - a round straight steel 

rod 16 mm in diameter and 600 mm in 

length. One end shall be a hemisphere 

16 mm in diameter. Sampling 

Equipment - scoop or shovel, trowel, 

containers, saran wrap, tape. Capping 

Compound - a mixture of sulphur and 

granular materials having a 

compressive strength equal to or 

greater than the anticipated strength of 

the specimen. Capping Device - a 

device for applying a capping 

compound to the cylinder and surfaces 

in the form of plane surfaces at right 

angles to the axis of the cylinder. 

Curing Equipment - a moist storage 

cabinet or room capable of 

maintaining specimens at a 

temperature within ± 1 degrees of 23 

deg and capable of maintaining a 

moist condition in which free water is 

maintained on the surfaces of the 

specimens. Testing Machine - a 

machine of sufficient capacity which 

will apply a load continuously without 

shock within a range of 0.140 to 0.350 

MPa per second. The testing machine 

shall be equipped with two steel 

bearing blocks with hardened faces. 

One bearing block shall be spherically 

seated and the other rigidly mounted. 

The testing machine shall be accurate 

within a tolerance of ± 1.0 percent of 

the compressive strength of the 

specimen.  

Procedure   

Sample Preparation  

Samples of concrete for tests will be 

obtained in accordance with STP 106. 

Test Procedure Place the mould on a 

firm, level surface. Form the test 

sample by placing concrete in the 

mould in three layers of approximately 

equal volume. Move the scoop around 

the top edge of the mould to ensure a 

symmetrical distribution of the 

concrete within the mould. Rod each 

layer with 25 strokes of the tamping 

rod. For layers 2 and 3, the rod shall 

penetrate about 25 mm into the 

underlying layer. Distribute the 

strokes uniformly over the cross-

section of the mould. Close the voids 

left by the tamping rod by lightly 

tapping the sides of the moulds. After 

the top layer has been rodded, the 

surface will be struck off with a trowel 

and covered with saran wrap to 

prevent evaporation. Store the 

specimen undisturbed for 24 hours in 

such a way as to prevent moisture loss 

and to maintain the specimen within a 

temperature range of 150 C to 270 C. 

Remove the test specimen from the 

moulds between 20 and 48 hours and 

transfer carefully to the place of curing 

and testing. If moulds are being 

shipped it is permissible to leave 

specimen in cardboard mould during 

transit. Place the specimen in the 

water bath and store for the curing 

period designated in the contract. 

After the specimen has been cured for 

the proper length of time in the water 
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bath remove and cap. The capping 

compound will be prepared and 

applied to form a plane uniform 

surface at right angles to the axis of 

the cylinder. Allow the sulphur 

capping compound to harden at least 

two hours before applying the load. 

Specimens will be kept moist until 

time of test. Place the specimen in the 

machine and slowly bring the blocks 

to bear on the specimen without shock 

until failure occurs. Operate the 

machine at a constant rate within the 

range of 0.140 to 0.350 MPa per 

second  

Table 4.2 Average Compressive 

Strength of Cement Concrete Cubes 
 

 

 

 

CHAPTER 5 

CONCLUSIONS 

Experiments were conducted 

as narrated in chapter 4 find out the 

mechanical properties of concrete 

mixtures with and without quarry dust 

and gypsum conducting Compressive 

strength, Split tensile and Flexural 

strength. 

The following conclusions 

have been drawn based on the 

experimental investigation carried out 

on concrete mixtures with and without 

fly ash 

i) It was observed that 

the physical and 

chemical properties of 

quarry rock dust as 

well as the durability 

of quarry rock dust 

concrete under super 

plasticizers action was 

better than that of 

conventional concrete. 

ii) At 28 days the 

Compression Strength 

for M20 grade concrete 

replacement of quarry 

dust with sand and 

gypsum with cement 

concrete is 91% 

increased compared to 

conventional cube 

iii) At 28 days the Split 

tension test Strength for 

M20 grade concrete 

replacement of quarry 

dust with sand and 

gypsum with cement 

concrete is 85% 

increased compared to 

conventional cube 

iv) At 28 days the Flexural 

Strength for M20 grade 

concrete replacement of 

quarry dust with sand 

and gypsum with 

cement concrete is 89% 

increased compared to 

conventional cube 

v) At 7 days the 

Compression Strength 

for M20 grade concrete 

replacement of quarry 

dust with sand and 

gypsum with cement 

SI.N0. Description of 

concrete 

cubes 

Average Compressive 

strength of cement 

concrete cubes (N/mm2) 

7 Days 28 Days 

1 Control 

concrete 

23 35 

2 25% Quarry 

dust  

21 32  

3 50% Quarry 

dust  

19 29 

4 75% Quarry 

dust with 

gypsum 

24 34 

5 100% Quarry 

dust with 

gypsum 

25 37 
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concrete is 89% 

increased compared to 

conventional cube 

vi) At 7 days the 

Compression Strength 

for M20 grade concrete 

replacement of quarry 

dust with sand and 

gypsum with cement 

concrete is 81% 

increased compared to 

conventional cube 

vii)  At 7 days the 

Compression Strength 

for M20 grade concrete 

replacement of quarry 

dust with sand and 

gypsum with cement 

concrete is 85% 

increased compared to 

conventional cube 

viii) Based on this 

experimental 

investigation, it is 

found that quarry dust 

can be used as an 

alternative material to 

the natural river sand. 

The physical and 

chemical properties of 

quarry dust satisfy the 

requirements of fine 

aggregate. It is found 

that quarry dust with 

gypsum improves its 

mechanical property of 

concrete if used along 

with super plasticizer. 

Usage of quarry dust 

and gypsum it will also 

reduce the cost of 

concrete because it is a 

waste material from 

quarries. Use of quarry 

dust and gypsum in 

concrete will also 

reduce the disposal 

problem. When the 

conventional fine 

aggregate is completely 

replaced with quarry 

dust along with 1 % 

dosage of super 

plasticizer increase in 

the compressive 

strength is around 91%. 

 

APPENDICES 

 

Cubes during Testing 

 
Cylind  
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