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Abstract: Sand collected from aeolian deposit is expensive due to unwanted cost of transportation from 

natural sources. Large scale exploitation of natural sand creates environmental impact on society. River 

sand is most commonly used fine aggregate in concrete but due to acute shortage in many areas, 

availability, cost & environmental impact are the major concern (Ahmed et.al., 1989). To overcome from 

this crisis, partial replacement of sand with quarry dust can be an economic alternative. In developing 

countries like India, quarry dust has been rampantly used in different construction purposes but 

replacement technology has emerged as an innovative development to civil engineering material. Design 

mix of M20 grade concrete with replacement of 0%, 20%, 30%, 40%, and 50% of quarry dust organized as 

M1, M2, M3, M4 and M5 respectively have been considered for laboratory analysis viz. slump test, 

compaction factor test, compressive strength (cube, cylindrical sample), split tensile strength, flexural 

strength, modulus of elasticity, water absorption of hardened concrete. 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 days and 91 days and results were compared with the standards to achieve the desired 

parameters. 

Key words: Quarry dust; workability; hardened concrete; durability. 

 

1. Introduction 

Concrete is an assemblage of cement, aggregate and water. The most commonly used fine aggregate is 

sand derived from river banks. The global consumption of natural sand is too high due to its extensive use 

in concrete. The demand for natural sand is quite high in developing countries owing to rapid 

infrastructural growth which results supply scarcity. Therefore, construction industries of developing 

countries are in stress to identify alternative materials to replace the demand for natural sand. On the other 

hand, the advantages of utilization of byproducts or aggregates obtained as waste materials are pronounced 

in the aspects of reduction in environmental load & waste management cost, reduction of production cost 

as well as augmenting the quality of concrete. In this context, fine aggregate has been replaced by quarry 

dust a byproduct of stone crushing unit and few admixtures to find a comparative analysis for different 

parameters which are tested in the laboratories to find the suitability of the replacement adhered to the 

Indian Standard specifications for its strength. Quarry dust has been used for different activities in the 

construction industry such as road construction and manufacture of building materials such as light weight 

aggregates, bricks, and tiles. Crushed rock aggregates are more suitable for production of high strength 
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concrete compared to natural gravel and sand. High percentage of dust in the aggregate increases the 

fineness and the total surface area of aggregate particles. The surface area is measured in terms of specific 

surface, i.e. the ratio of the total surface area of all the particles to their volume. The main objective is to 

provide more information about the effects of various proportion of dust content as partial replacement of 

crushed stone fine aggregate on workability, air content, compressive strength, tensile strength, absorption 

percentage of concrete. Attempts have been made to investigate some property of quarry dust and the 

suitability of those properties to enable quarry dust (Celik et. al., 1996) to be used as partial replacement 

material for sand in concrete. The use of quarry dust in concrete is desirable because of its benefits such as 

useful disposal of by products, reduction of river sand consumption as well as increasing the strength 

parameters and increasing the workability of concrete (Jain et. al., 1999). It is used for different activities 

in the construction industries such as road construction, manufacture of building materials, bricks, tiles and 

autoclave blocks. 

2. Methodology 

For each test that was conducted, cubes and cylinders were prepared as per BS 1881: Part 108:1983. 

Due to the compressive force, the cylinder is subjected to a large magnitude of compressive stress near the 

loading region. The larger portion corresponding to a depth of about 87% and length of cylinder is 

subjected to a uniform tensile stress acting horizontally. The rate of loading applied is 1.4 to 2.1 N/mm
2 
for 

150x300 mm cylinders. 

The split tensile strength was computed by using expression fct = 2p/πld, where fct is the split tensile 

strength in Mpa, p is the maximum compressive load on the cylinder (Newton) applied along length of 

cylinder (mm) and D is the diameter.  

Flexural strength was computed using the expression, fb = (pl/bd
2
) where fb is the flexural strength in 

Mpa, p is the maximum node applied (N), L is the span length (mm) that is the distance between the line of 

fracture and the nearest support measured from the center line of the tensile side of specimen, b is the 

width of the specimen (mm), d is the depth of specimen (mm). (when L is greater than 200mm for 150mm 

specimen or greater than 133mm for 100mm specimen). 

The test for modulus of elasticity is done by using cylinders. The dial gauges were fixed to the 

cylinder with the help of a frame. The load is applied at constant rate in increment and at each incremental 

load, the dial gauges readings were taken. Knowing the displacements from the average dial gauge reading 

at each load points, the stress- strain curves were drawn and from the slope of the curve modulus of 

elasticity are calculated. 

Cubes were dried at a temperature of approximately 105
0
c till it attains a constant weight (Wd) for 

water absorption test., and they are immersed in water at approximately 21
0
+ 2

0
 for 72 hours. The cubes 

were then taken out and their surface were dried and weighed. The water absorption of concrete was 

calculated as per following formula; Water absorption percentage = (Ww-Wd) / Wd x 100, where Ww is the 

saturated surface dry weight. 

In the present investigation durability studies were conducted on 150 mm cubes for M5 (50% quarry 

dust) concrete mixture.  The concrete cubes were immersed in 5% solution of Magnesium Sulpahte, 5% 

solution of sodium chloride and 2 N hydrochloric acid solution for 28 and 91 days. Effect of immersion in 

this solution on compressive strength and weights were observed at 28 and 91 days. 

The aggregate crushing value gives the relative measure of the resistance of an aggregate in bulk to 

crushing under a gradually applied compressive load. 
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3. Results and discussion 

 

3.1 Results on properties of fresh concrete 

 

3.1.1 Workability (Slump value) 

The measured slump values  of quarry dust with constant water/cement ratio i.e. w/c ratio (0.55) are 

37, 45, 50, 54, and 60mm for different mixes such as M1 (0% quarry dust), M2 (20% quarry dust), M3 (30% 

quarry dust), M4 (40% quarry dust), M5 (50% quarry dust) respectively. The variations of slump value with 

quarry dust percentage are shown in Figureure 1. It is observed that the slump value increases with increase 

in percentage replacement of sand with quarry dust for the same w/c ratio. Concrete does not give adequate 

workability with increase of quarry dust. It can be due to the extra fineness of quarry dust (Jain et.al., 1999). 

Increased fineness require greater amount of water for the mix ingredients to get closer packing, results in 

decreased workability of the mix. The above slump value corresponds to low degree of workability as per IS: 

456-2000. 

 

Figureure 1: Variation of slump value of fresh concrete with quarry dust content 

 

3.1.2 Compaction factor 

The variation of workability is measured in terms of compaction factor with constant w/c ratio (0.55) 

(Jain et.al., 1999). The values are obtained for different mixes such as M1 (0% quarry dust), M2 (20% quarry 

dust), M3 (30% quarry dust), M4 (40% quarry dust), M5 (50% quarry dust) are 0.90, 0.851, 0.845, 0.827, 

0.802 respectively (Figure. 2). 

 

Figure 2: Variation of compaction factor of fresh concrete with quarry dust content 
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As per the data above, concrete does not give adequate workability with the increase of quarry dust as 

fine aggregate. Water requirement will be more for angular stone dust, results in decrease workability than 

natural sand. 

3.2 Properties on hardened concrete  

 

3.2.1 Compressive strength 

 

The results of compressive strength of cubes for (7, 28, 91) days curing are shown in Figureure. 3, 4 and 5. It 

is observed that the compressive strength of cubes at 28 days curing for control mixture (M1) is 30.5 Mpa for 

53 grade concrete and 29.6 Mpa for 33 grade concrete (Naidu et. al., 2003). Dust content increases to 30%, 

the 28 days compressive strength increases to a maximum of 31.5 Mpa for 53 grade and 30.7Mpa for 33 

grade. For 20% dust content the 28 days compressive strength increases 34.5Mpa for 53 grades and 31.6Mpa 

for 33 grades. As the dust content exceeds 30% the compressive strength decreases (Babu et. al., 1977). For 

the specimen of dust content of 0% and 20% the dust particles amount is not enough to fill all the voids 

between cement paste and aggregate particles, hence they have lower compressive strength values than 

specimens of 30% dust content. It can be perceived that the compressive strength of cube at 28 days of curing 

for control mix (M1) is 30.5 Mpa and the strength increases by 13%, 3.2% for mix M2 & M3 respectively in 

comparison with control mix (M1) (BS: 1881, 1983). But for mix M4 and M5, the strength reduces by 3.9%, 

13.1% in comparison with the control mix (M1) for 53 grade. Similarly, for 33 grade concrete the 

compressive strength of cube at 28 days curing for control mix (M1) is 29.6 Mpa and the strength increases 

by 6%, 3.7% for mix M2 and M3 respectively in comparison with control mix M1 but for M4, M5 the strength 

reduces by 3.3% and 14% in comparison with control concrete.  

 

 

Figure 3: Compressive strength of mixes with age (53 grade) 

As the dust particles exceeds 30%, flaky particles or higher fines increase water demand which leads to 

higher water cement ratio and segregation of concrete results in non-uniform distribution of cement paste. 

This consequently leads to a decrease in compressive strength. The compressive strength of cylinder at 28 

days curing for control mixture (M1) is 22.7 Mpa for 53 grades and 21.6 Mpa for 33 grade concrete. The 

mixes M2, M3, M4, and M5 illustrated reduction of 25.9%, 35.2%, 53%, and 66.9% of strength respectively in 

comparison with control concrete mix (M1). For all the mixes of 53 grades the compressive strength of 

cylinder is less than that of compressive strength of cubes. The ratio of compressive strength of cylinder to 

compressive strength of cubes at 28 days curing (Aitcin et. al., 1994)  are found to be 0.74, 0.48, 0.46, 0.36, 

0.28 respectively for mixes M1, M2, M3, M4 and M5. For all the mixes of 33 grade concrete the ratio of 
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cylinder compressive strength to cube compressive strength found to be 0.72, 0.49, 0.44 0.34, 0.22 

respectively for mixes M1, M2, M3, M4, M5. The comparison 28 days compressive strength of cube and 

cylinder for different mixes shows the relationship between cylinder strength with that of cube strength for 

53 grade and 33 grade and expressed as: 

fck cylinder = 1.221 fck cube - 22.75 with correlation coefficient 0.612 

fck cylinder=1.747 fck cube - 37.68 with correlation coefficient 0.699 

 

Figure 4: Compressive strength of mixes with age (33 grade) 

 

  

Figure 5: Comparison between 28-days compressive strength of concrete for cube & cylindrical sample 

(33-grade) 

3.2.2 Split tensile strength 

  

The results of split tensile strength of cylinder for 7, 28, 91 days are given in Figureure. 6 for 53 grade 

and Figureure. 7 for 33 grade concrete mix and the variation of split tensile strength of all mixes for all days 

of curing are clearly shown in the figureures given below. This displays the split tensile strength is 2.18 Mpa 

and 2.72 Mpa respectively for 0% quarry dust content at 7 and 28 days for 53 grade concrete. In case of 33 

grades the split tensile strength is 2.17 Mpa and 2.62 Mpa respectively for 0% quarry dust at 7 and 28 days. 

The tensile strength value of concrete decreases with increase in percentage of fine aggregate replacement 

with quarry dust (Aitcin, 1994), but the split tensile strength increases with the age of curing (Aitcin, 1994). 

The tensile strength increases a maximum of 3.54 Mpa for 53 grades and 3.50 Mpa for 33 grades for 20% 
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quarry dust content at 91 days. As the quarry dust content exceeds the value of 20%, the split tensile strength 

decreases. The split tensile strength at 28 days curing for control mixture M1 achieved 2.72 Mpa (for 53 

grades). Mixes M2, M3, M4 and M5 showed reduction in strength of 7.3%, 8%, 17.2%, and 18% respectively 

in comparison with control mixture M1. The increase in strength from 7 days to 28 days were 25% for control 

concrete and varies from 28-31 % other mixes (M2-M5). Similarly the split tensile strength for 33 grades 

concrete at 28 days curing for control mixture (M1) achieved 2.62 Mpa. Mixes M2, M3, M4, and M5 confirm 

reduction in strength of 7.6%, 10.6%, 14.8%, 15.2% respectively in comparison with control mix M1. 

 

Figure 6: Split tensile strength of mixes with age (53-grade) 

 

 

Figure 7: Split tensile strength of mixes with age (33-grade) 

 

The increase in strength from 7 days to 28 days were 20% for control mix concrete varies from 24%-32% for 

other mixes (M2-M5). The split tensile strength gain is maximum at 20% replacement of fine aggregate with 

quarry dust. 

 

3.2.3 Flexural strength 

  

The results of flexural strength at 7, 28, 91 days are presented in Figureure. 15 and Figureure. 16. It shows 

that the flexural strength of concrete mix also decreases with increase in dust percentage replacement. The 
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variations of flexural strength with age and with different percentage of quarry dust content are also shown. 

The flexural strength at 28 days curing for control mixture (M1) is achieved 5.03 Mpa for 33 grades and 5.10 

Mpa for 53 grade concrete. For the Mixes of (53 grade) M2, M3, M4, M5 showed reduction of 6.8%, 13.3%, 

28% and 43.7% respectively in comparison with control mix M1. Similarly for 33 grade mixes M2, M3, M4, 

M5 showed reduction of 9.1%, 12.9%, 29.8%, and 44.3% respectively in comparison with control mix M1. 

The increase in flexural strength for control mixes is 44% for (33 grade) and 34.2% for 53 grades between 7 

to 28 days. For other mixes (M2-M5) varies 42-68% for 33 grades and it varies 31%-67% for 53 grade 

concrete. The theoretical flexural strength of 28 days curing as per the code IS-456, 2000 i.e. fb=0.7√fck. The 

experimental flexural strength at 28 days is greater than the theoretical flexural strength for all mixes except 

for M4 and M5 (Alca et.al., 1997). 

 
Figure 8: Flexural strength of mixes with age (53 grade) 

 

 

Figure 9: Flexural strength of mixes with age (33 grade) 

 

3.2.4 Modulus of elasticity (E) of concrete  

 

The modulus of elasticity is originated from stress-strain curve and the results of modulus of elasticity 

28 days curing are given in Table 1 and Table 2. It can be deduced that the modulus of elasticity slightly 

increased with increase in percentage of quarry dust (Saffiuddin, 2001). The modulus of elasticity at 28 days 

curing for control mix M1 achieves 32617 Mpa and 31100 Mpa respectively for 53 and 33 grade. Mixes M2, 

M3, M4, M5 show a  reduction of 1.68%, 5.2%, 8.4%, 13.7%, respectively in comparison with control mix 
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M1 for 53grade and M2, M3, M4, M5 showed reduction of 2.7%, 3.7%, 6.6%, 11.2%, respectively in 

comparison with control mix M1 for 33grade. The theoretical modulus of elasticity as per IS code i.e. Ec = 

5000√fck are also calculated and indicated in the same table for comparison. The experimental values vary 

from 15.3 to 9.5% in comparison to the theoretical value for 53 grade and 12.5% to 8.7% for 33grade. From 

the investigation it was found that the experimental modulus of elasticity is more than the theoretical value 

for the control concrete. The modulus of elasticity increases with increase in percentage of quarry dust 

content (Baalbaki et.al., 1991). 

 

Table 1: Modulus of elasticity (53 grades) 

 

Modulus of elasticity in Mpa Mix 

identification experimental Theoretical %higher 

M1 32617 27613 15.3 

M2 32067 29368 8.4 

M3 30896 28062 9.1 

M4 29861 27064 9.3 

M5 28130 25439 9.5 

 

Table 2: Modulus of elasticity (33 grades) 

 

Modulus of elasticity in Mpa Mix 

identification experimental Theoretical %higher 

M1 31100 27202.9 12.5 

M2 30259 28106.9 7.1 

M3 29920 27703.7 7.4 

M4 29040 26739.4 8.0 

M5 27603 25199.2 8.7 

 

3.3 Water absorption percentage 

 

 

Figure 10: Water absorption verses quarry dust content percentage (53 grade)  
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Figure 11: Water absorption verses quarry dust content percentage (33 grade) 

 

Water absorption % of concrete has decreased for dust contents from 0 to 20% and then it started to 

increase for 30% to 50% of dust contents (Figure. 10 & Figure. 11). Quarry dust acts as filler in concrete 

and contributes to reduce the absorption of concrete. 

 

3.4 Density of quarry dust 

 

The variation of density of concrete with quarry dust percentage through graphs is shown in figure 12 

for 53 grade and figure 13 for 33 grade concrete mix. It is observed that the density of concrete increases 

with increase in percentage of dust content.  

 

Figure 12: Variation of density of concrete with quarry dust content percentage (53-grade)  

 

 

 

Figure 13: Variation of density of concrete with quarry dust content percentage (33-grade)  
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Figure 14: Variation of compressive strength of concrete with density (53-grade) 

  

 

 

Figure 15: Variation of compressive strength of concrete with density (33-grade) 

 

Figure. 14 and Figure. 15 represent the variation of compressive strength of 53 grade and 33 grade concrete. 

This concludes that compressive strength increases with increase in density in concrete. It is observed that 

the density of concrete remains constant up to 20% and increases further as percentage of quarry dust goes on 

increasing. 

3.5 Durability test of concrete  

As discussed earlier, the durability of the concrete reflects that effect of immersion in 5% solution of 

magnesium sulphate, 5% solution of sodium chloride and 2N hydrochloric acid solution on compressive 

strength and weight were observed at 28 days and 91 days. The variation of compressive strength of concrete 

in immersion with different solution is shown in Figure. 16 for 53 grade and Figure. 17 for 33 grade concrete 

mix.  
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Figure 16: Variation of compressive strength of concrete in immersion with different solutions for mix M5 

(with 50% quarry dust) for 53 grade 

 

 

Figure 17: Variation of compressive strength of concrete in immersion with different solutions for mix M5 

(with 50% quarry dust) for 33 grade 

 

As per figure 16 and figure 17 it can be concluded that there is no loss of strength for immersion in 

magnesium sulphate solution (MgSO4) and sodium chloride (NaCl) solution in comparison with immersion 

in normal water and the strength gain continue on almost all the specimens with no loss in weight. But in case 

of hydrochloric acid (HCl) it was observed that there is a loss of strength and weight in comparison with 

immersion in normal water and the loss in strength increased with increase in days of immersion in HCl 

solution. This indicates that MgSO4, NaCl has no adverse effect on the concrete mix, but HCl highly 

deteriorate the strength of concrete (Aitcin, 2003). 

 

3.6 Aggregate crushing value (BS: 812, 1990) 

Table 3 shows that the aggregate crushing value of quarry dust is in the range of 52.7% to 60.8%. The 

average crushing value was found to be 56.7%. Crushing value of quarry dust has significant effects on the 

strength and durability of concrete. The higher aggregate crushing value of quarry dust might be caused due 

to particle shape of dust like flaky and angular. 

Table 3: The aggregate crushing value of quarry dust 

 

Sample ACV (%) 

Quarry dust 1 52.7 

Quarry dust 2 56.8 

Quarry dust 3 60.8 

Average 56.7 
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4. Conclusion 

All the experimental data shows that the addition of the industrial wastes improves the physical and 

mechanical properties. These results are of great importance because this kind of innovative concrete 

requires large amount of fine particles (Aitcin, 1990). Due to its high fines of quarry dust it provided to be 

very effective in assuring very good cohesiveness of concrete. From the above study it is concluded that the 

quarry dust may be used as a replacement material for fine aggregate. Quarry dust has been used for different 

activities in the construction industry such as for road construction and manufacture of building materials 

such as light weight aggregates, bricks, tiles and auto clave blocks. However its use as rigid payment is very 

much limited. Thorough reaction with the concrete admixture, quarry dust, improved pozzolanic reaction, 

micro aggregate filling and concrete durability. As the properties are good as sand, the quarry dust is used as 

fine aggregate in replacement with sand in the cement concrete. From the various laboratory investigations 

made for characteristics study of quarry dust concrete and based on the studies conducted as explained in 

Chapter- 3 and Chapter- 4 following conclusions are drawn. 

1. Non availability of sand at reasonable cost as finer aggregate in cement concrete for various reasons, 

search for alternative material stone crusher dust qualifies itself as a suitable substitute for sand at very 

low cost. 

2. Aggregates with higher surface area are requiring more water in the mixture to wet the particle surfaces 

adequately and to maintain a specific workability. Obviously increasing in water content in the mixture 

will adversely affect the quality of concrete. 

3. The measured slump values of quarry dust concrete with constant water cement ratio 0.55 are found to 

be 37, 45, 50, 54 and 60 mm for different mixes such as M1 (0% quarry dust), M2 ( 20% quarry dust ), 

M3 (30% quarry dust) , M4 (40% quarry dust) and M5 (50% quarry dust ) respectively. It was observed 

that the slump value increases with increase in percentage replacement of sand with quarry dust. Due to 

flaky particles shape and higher percentage of fines, concrete does not give adequate workability and 

the concrete tends to segregate. The above slump value correspond to low degree of workability, 

suitable for construction of tiles, bricks, canal lining and autoclave blocks as per IS 456-2000. 

4. The measured compaction factor value for quarry dust concrete with constant w/c ratio (0.55) are found 

to be 0.90,  0.851, 0.845, 0.827 and 0.802 for different mixes such as M1 ( 0% quarry dust ) , M2 ( 20% 

quarry dust ), M3 ( 30% quarry dust ) , M4 (40% quarry dust) and M5 ( 50% quarry dust ) respectively. 

The above values shows concrete do not give adequate workability with the increase of quarry dust as 

fine aggregate. The above compaction factor corresponds to low degree of workability. 

5. The compressive strength of cubes at 28 days curing for control mix increases by 13%, 3.2%, for mix 

M2  and M3 for 53 grade concrete but strength reduces by 3.9% , 13.1%, for mix M4 and M5 in 

comparison with the control mixture (M1) . Similarly for 33 grade concrete the compressive strength of 

cube at 28 days curing for control mix (M1) increases by 6%, 3.7% for mix M2 and M3 respectively but 

the strength reduces by 3.3%, 14% for mix M4 and M5 with comparison to control concrete. The 

increase in dust content up to 30% increases compressive strength of concrete, if the dust content is 

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. 

6. The ratio of compressive strength  of cylinder to compressive strength of cubes for 53 grade at 28 days 

curing are found to be 0.74, 0.48, 0.46, 0.36 & 0.28 respectively for mixes M1, M2 , M3 , M4 and M5. 

The relationship between cylinder strength with that of cube strength can be expressed as : 

  fck cylinder = 1.221 fck cube – 22.75 with co-relation co-efficient (  R
2
 ) value of 0.375    
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Similarly for 33 grade the compressive strength of cylinder to cube at 28 days curing are found to be 

0.72, 0.49, 0.44, 0.34 & 0.22 respectively for mixes M1, M2, M3, M4 and M5. The relationship between 

cylinder strength with that of cube strength can be expressed as: 

fck cylinder = 1.747 fck cube – 37.68  with co-relation co-efficient ( R
2
) value of 0.489    

7. The split tensile strength at 28 days curing for control mix M1 achieved 2.72 Mpa for 53 grades. Mixes 

M2, M3, M4 and M5 showed reduction in strength of 7.3%, 8%, 17.2% and 18%. Respectively in 

comparison with control mix M1. The increase in strength from 7-28 days was 25% for control concrete 

and varies from 28 to 31% for other mixes (M2-M5). Similarly for 33 grade concrete, the split tensile 

strength at 28 days curing for control mix M1 achieved 2.62 Mpa. Mixes M2, M3, M4 and M5 showed 

reduction in strength of  7.6% , 10.6% , 14.8%  and 15.2%  respectively in comparison with control 

mix M1 .The increase in strength from 7-28 days was 20% for control concrete and varies from 24% to 

32% for other mixes (M2-M5). Split tensile strength gain is maximum at 20% replacement of fine 

aggregate. Split tensile strength continues to increase with age for all the mixes of dust contents. 

8. The flexural strength at 28-days curing for control mix M1 achieved 5.10 Mpa for 53 grade concrete 

mix. Mixes M2, M3, M4 and M5 showed reduction in strength of 6.8%, 13.3%, 28% and 43.7% 

respectively in comparison with control mix M1. The increase in strength from (7-28) days curing was 

34.2% for control concrete and varies from 31% to 67% for other mixes (M2-M5). Similarly for 

33grades the flexural strength at 28-days curing for control mix M1 achieved 5.03 Mpa. Mixes M2, M3, 

M4 and M5 showed reduction in strength of 9.1%, 12.9%, 29.8%, 44.3% respectively in comparison 

with control mix M. The increase in strength from (7-28) days was 44% for control concrete and varies 

from 42% to 68% for other mixes (M2-M5). 

9. The experimental modulus of elasticity of control concrete is found to be more than its corresponding 

theoretical value. The modulus of elasticity slightly increases with increase in percentage of quarry dust 

content. The modulus of elasticity at 28-days curing for control mix M1 achieved 32617 Mpa for 53- 

grade concrete mix. Mixes M2, M3, M4 and M5 showed reduction in strength of 1.68%, 5.2%, 8.4%, 

13.7%respectively in comparison with control mix M1. Similarly for 33 grade concrete at 28 days 

curing for control mix M1 achieved 31100 Mpa. Mixes M2, M3, M4 and M5 illustrate reduction in 

strength of 2.7%, 3.7 %, 6.6%, and 11.2% respectively in comparison with control mix M1. 

10. The water absorption percentage of quarry dust concrete decreased for dust content from (0-20) % and 

then it started to increase for 30%, 40%, and 50% of dust contents. Lower the particle size results in 

faster absorption and greater surface area results in faster evaporation leading to concrete setting 

quickly. 

11. It was observed that the density of concrete increases with increase in percentage of dust content. As 

expected the compressive strength increases with increase in density of concrete. 

12. There is no loss of strength for immersion in Magnesium-sulphate (MgSO4) and Sodium-chloride 

(NaCl) solution in comparison with immersion in normal water and the strength gain continued in 

almost all specimens with no loss in weight but in case of hydrochloric acid (HCl) solution it was 

observed that there is a loss of strength and weight in comparison with immersion in normal water. The 

deteriorating effect increased with increase in time of exposure of concrete to HCl solution. 

13. It was observed that the aggregate crushing value of quarry dust were in the range of 52.7% to 60.8%. 

The average crushing value was found to be 56.7%. The aggregate crushing value of quarry dust has 

significant effects on the strength and durability of concrete .The higher the aggregate crushing value of 

quarry dust, might be caused by particle shape of dust, which is flaky and angular. 
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