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Abstract— Concrete is the chief construction material used 

across the world and plays an important role in the 

development of a country. It is used in all types of civil 

engineering works, including infrastructure, low and high-

rise buildings, defense installations, environment protection 

and local/domestic developments. Concrete is essentially 

composed of cement, coarse & fine aggregates, water and 

admixture(s). Among these, coarse aggregate is the major 

part in concrete. Generally, the coarse aggregate is treated as 

an inert material and only its physical properties like shape, 

size, water absorption and specific gravity are studied. 

Whereas, as we increase the quality of mortar mix, the 

strength of coarse aggregate also comes into picture. In this 

paper, all physical properties are discussed namely Specific 

Gravity, Aggregate Impact value (%), Aggregate Abrasion 

Loss (%), Aggregate crushing Value(%), Soundness Loss(%) 

5 cycles in Na2SO4 solution and Water Absorption (%) tests. 

Specific gravity or relative density of coarse aggregate effect 

all other properties to some extent. Different correlations 

have been developed between specific gravity, water 

absorption and other physical properties in this paper. 
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I. INTRODUCTION 

Although we are gaining awareness towards environmental 

conservation, we can hardly imagine a concrete free 

construction. While considering environmental conservation, 

cement and admixture is the only man-made ingredient in 

concrete. All other materials are naturally available. 

Aggregate form an integral part of concrete wherein coarse 

aggregate is mainly responsible for imparting strength and 

durability to concrete. Concrete of any grade and type 

requires coarse aggregate; hence its importance in concrete 

can never be underestimated. Physical properties of 

aggregates play a vital role in strength and durability of 

concrete. 

II. METHODOLOGY AND EXPERIMENTAL PROGRAM 

Seven number samples of coarse aggregate are prepared with 

rock samples collected from different rock quarries to be used 

in concrete work. Physical properties of these coarse 

aggregates have been determined in laboratory for their 

suitability for use in concrete as per IS: 2386-1963 

(reaffirmed in 2016) and ASTM C-1260. Tests conducted on 

these aggregates for suitability to use in concrete are as under: 

 Specific Gravity 

 Water Absorption (%)  

 Aggregate Impact value (%) 

 Aggregate Abrasion Loss (%) 

 Aggregate crushing Value (%) 

 Soundness Loss(%) 5 cycles in Na2SO4 solution 

 

A. Specific Gravity 

Specific gravity of a coarse aggregate is defined by the ratio 

of the weight of a given volume of   aggregate to the weight 

of an equal volume of water and tested as per IS: 2386-1963 

(reaffirmed in 2016) part III. Specific gravity test of 

aggregates is done to measure the strength or quality of the 

material. Aggregate having low specific gravity are generally 

weaker than those with higher specific gravity value. It is 

dimensionless value and consider the major factor to evaluate 

the strength and the quality of materials. The specific gravity 

of aggregates normally used in hydro projects and road 

construction ranges from about 2.5 to 3.0 with an average of 

about 2.68. It is also used in calculating the solid volume of 

aggregates in concrete mix. The use of suitable specific 

gravity along with cement-water ratio in concrete mix can 

determine and evaluate the expected weight, quality and 

strength of concrete mix. By this concept, quality of concrete 

mix is related to its specific gravity. 

B. Water Absorption 

Coarse aggregates must absorb less water. More water 

absorption makes it weak for its intended purpose. 

Assessment of water absorption capacity of coarse aggregates 

was performed in accordance to IS 2386– 1963 part III 

(reaffirmed in 2016).  

C. Impact Value 

Impact value of an aggregate is the percentage loss of weight 

particles passing 2.36 mm sieve by the application of load by 

means of 15 blows of standard hammer drop, under specified 

test condition in accordance to IS: 2386 - 1963 (part IV) 

(reaffirmed in 2016). The aggregate impact value gives a 

relative measure of the resistance of an aggregate to sudden 

shock or impact, which in some aggregate differ from their 

resistance to a slowly applied compressive load. 

D. Aggregate Abrasion Loss Test 

Los Angeles abrasion loss test on aggregate is the measure of 

aggregate toughness and abrasion resistance such as crushing, 

degradation and disintegration. This test is carried out by 

AASHTO T 96 or ASTM C 131: Resistance to Degradation 

of Small-Size Coarse Aggregate by Abrasion and Impact in 

the Los Angeles Machine. The aggregate used in 

spillway/intake of hydro-projects and surface course of the 

highway pavements are subjected to wearing. Therefore, 

aggregates should be hard enough to resist abrasion. 

Resistance to abrasion of aggregate is determined in 

laboratory by Los Angeles test machine. The principle of Los 

Angeles abrasion test is to produce abrasive action by use of 

standard steel balls which when mixed with aggregates and 

rotated in a drum for specific number of revolutions also 

causes impact on aggregates. The percentage wear of the 

aggregates due to rubbing with steel balls is determined and 

is known as Los Angeles Abrasion Value. 



Correlation between Specific Gravity, Water Absorption and other Physical Properties of Different Coarse Aggregates 

 (IJSRD/Vol. 7/Issue 06/2019/108) 

 

 All rights reserved by www.ijsrd.com 486 

E. Aggregate Crushing Value 

Aggregate crushing value test on coarse aggregates gives a 

relative measure of the resistance of an aggregate crushing 

under gradually applied compressive load in accordance to 

IS: 2386 – 1963 part IV (reaffirmed in 2016). Coarse 

aggregate crushing value is the percentage by weight of the 

crushed material obtained when test aggregates are subjected 

to a specified load under standardized conditions. Aggregate 

crushing value is a numerical index of the strength of the 

aggregate and it is used in construction of hydro-projects, 

roads and pavements. Crushing value of aggregates indicates 

its strength. Lower crushing value is recommended for hydro-

projects, roads and pavements as it indicates a lower crushed 

fraction under load and would give a longer service life and a 

more economical performance. The aggregates used in 

hydro-projects, roads and pavement construction must be 

strong enough to withstand crushing under roller and 

traffic. If the aggregate crushing value is 30 or higher’ the 

result may be anomalous and in such cases the ten percent 

fines value should be determined instead. 

F. Soundness Loss - 5 cycles in Na2SO4 solution 

The soundness test determines an aggregate’s resistance to 

disintegration by weathering and in particular, freeze-thaw 

cycles. Aggregates that are durable (resistant to weathering) 

are less likely to degrade in the field and potentially failure. 

The soundness test repeatedly submerges an aggregate 

sample in a sodium sulfate or magnesium sulfate solution in 

accordance to IS: 2386 – 1963 (part V) (reaffirmed in 2016). 

This process causes salt crystals to form in the aggregate’s 

water permeable pores. The formation of these crystals  

Creates internal forces that apply pressure on 

aggregate pores and tend to break the aggregate. After a 

specified number of submerging and drying repetitions, the 

aggregate is sieved to determine the percent loss of material. 

III. RESULTS AND DISCUSSIONS 

Test results of Specific gravity, Impact value, Abrasion value, 

Crushing value, Soundness loss and Water absorption for 

seven no. samples are shown in table. 

Sl

. 

N

o. 

Sam

ple 

prep

ared 

from 

Roc

k 

Typ

es 

Spe

cific 

grav

ity 

Im

pac

t 

Val

ue 

(%) 

Abra

sion 

Valu

e 

(%) 

Crus

hing 

valu

e 

(%) 

Soun

dness 

loss 

(%) 

Water 

Absor

ption 

(%) 

1 
Basa

lt 
2.94 

14.

75 

13.9

5 

19.4

5 
0.93 0.27 

2 
Basa

lt 
2.94 

14.

79 

14.0

0 

19.4

4 
0.85 0.29 

3 
Basa

lt 
2.97 

15.

68 

15.0

0 

17.0

0 
0.84 0.26 

4 
Basa

lt 
2.93 

15.

63 
14.8 

22.2

2 
1.92 0.34 

5 
Basa

lt 
2.77 

20.

96 
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Correlation between Specific gravity, Water 

absorption with other physical properties of aggregates 

developed and plotted in different graphs. As specific gravity 

increases, losses decreases. 

1) Correlation between Specific gravity and Impact value 

has been developed for 7 nos. samples tested in 

laboratory. 

Y = -32.113X + 110.18 

R² = 0.8868 

Where Y= Impact Value (%) 

X= Specific gravity 

 
Fig. 1: Correlation between Specific gravity Vs Impact 

value (%) 

2) Correlation between specific gravity and abrasion value 

has been developed for 7 nos. samples tested in 

laboratory. 

Y = -12.426X + 51.306 

R² = 0.5171 

Where Y= Abrasion Value (%) 

X= Specific gravity 

 
Fig. 2: Correlation between Specific gravity Vs Abrasion 

value (%) 

3) Correlation between Specific gravity and Crushing value 

has been developed for 7 nos. samples tested in 

laboratory. 

Y = -26.443X + 96.943 

R² = 0.6268 
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Where Y= Crushing Value (%) 

X= Specific gravity 

 
Fig. 3: Correlation between Specific gravity Vs Crushing 

value (%) 

4) Correlation between specific gravity and Soundness loss 

has been developed for 7 nos. samples tested in 

laboratory. 

Y = -7.5401X + 23.47 

R² = 0.6056 

X= Specific gravity 

Y=Soundness loss (%) 

 
Fig. 4: Correlation between Specific gravity Vs Soundness 

loss (%) 

5) Correlation between specific gravity and Water 

absorption has been developed for 7 nos. samples tested 

in laboratory. 

Y = -0.3981X + 1.4607 

R² = 0.6274 

X=Specific gravity 

Y=water absorption (%) 

 
Fig. 5: Correlation between Specific gravity Vs Water 

Absorption 

Some other correlations are developed between water 

absorption and other physical properties of different coarse 

aggregates samples. 

6) Correlation between Water absorption and Impact Value 

has been developed for 7 nos. samples tested in 

laboratory. 

Y = 50.384X + 1.5321 

R² = 0.5515 

Where X=water absorption 

Y= Impact value (%) 

 
Fig. 6: Correlation between Water Absorption Vs Impact 

value (%) 

7) Correlation between Water absorption and Abrasion 

value has been developed for 7 nos. samples tested in 

laboratory. 

Y= 23.986X + 7.9039 

R² = 0.4868 

Where X= Water Absorption (%) 

Y= Abrasion value (%) 

 
Fig. 7: Correlation between Water Absorption Vs Abrasion 

value (%) 

8) Correlation between Water absorption and Crushing 

value has been developed for 7 nos. samples tested in 

laboratory 

Y = 63.365X + 0.8515 

R² = 0.9094 

Where X=Water absorption (%) 

Y=Crushing value (%) 
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Fig. 8: Correlation between Water Absorption Vs crushing 

value 

9) Correlation between Water absorption and Soundness 

loss has been developed for 7 nos. samples tested in 

laboratory 

Y = 13.917X - 2.6741 

R² = 0.5213 

Where X= Water Absorption (%) 

Y=Soundness Loss (%) 

 
Fig. 9: Correlation between Water Absorption Vs Soundness 

loss (%) 

10) Correlation between Water absorption and Specific 

gravity has been developed for 7 nos. samples tested in 

laboratory 

Y = -1.5759X + 3.3856 

R² = 0.6274 

Where X=Water absorption (%) 

Y=specific gravity 

 
Fig. 10: Correlation between Water Absorption Vs specific 

gravity 

IV. CONCLUSIONS 

Correlation has been developed using 7 basalt coarse 

aggregate samples. Approximate value of physical properties 

of coarse aggregate i.e. abrasion value, Impact value 

Crushing value, Soundness loss and Water absorption can be 

predicted with specific gravity by using above correlations. 

The small errors in the predicted results may be because of 

method of testing, handling, room temperature, humidity. 

However, exact values of these properties can be achieved 

with original procedure as per IS: 2386-1963 (reaffirmed in 

2016).     
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