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A STUDY ON THE INFLUENCE OF AGGREGATE
SIZE AND TYPE ON THE COMPRESSIVE STRENGTH
OF CONCRETE
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Department of Civil Engineering, University of Ilorin, Ilorin, Nigeria,
E-mail: aajimoh4real@yahoo.com

Abstract

A study on the influence of aggregate types and sizes on the compressive
strength of concrete is presented. The aggregate types considered are sand,
quarry dust, gravel and granite while sizes involved are 20 and 28 mm of
coarse aggregate. The study is carried out by varying the aggregate type and
size combination in the mix in eight different ways (of sand and gravel of
28 mm maximum size, sand and gravel of 20 mm maximum size, quarry
dust and granite of 28 mm maximum size, quarry dust and granite of 20 mm
maximum size, quarry dust and gravel of 28 mm maximum size, quarry
dust and gravel of 20 mm maximum size, sand and granite of 28 mm
maximum size, as well as sand and granite of 20 mm maximum size. Each
of these combinations is added to cement and water in the mix ratio (1:2:4)
to prepare concrete cubes for test. The test results showed that the mix with
quarry dust and granite of 20 mm maximum size gave the highest concrete
strength of 26.52 N/mm? while the one cast with sand and gravel of 28 mm
maximum size gave the lowest strength of 19.780 N/mm?. This shows that
the use of quarry dust and granite of 20 mm maximum size improve the
concrete strength by 34 % over the strength produced by concrete with sand
and gravel of maximum size 28 mm. Also, as coarse aggregate size
increases, concrete strength decreases and the rate of fall in strength is
highest with concrete containing also granite and quarry dust.

Keywords

Concrete, aggregate size, fine aggregate, coarse aggregate, slump,
compressive strength.
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1. Introduction

Concrete is a mixture of water, cement or binder and aggregates and is a
commonly used material for construction. (Barritt, 1984). Unfortunately,
the effect of quarry dust content in aggregate on properties of fresh and
hardened concrete are not known very well (Tahir & Khaled 1999), thus,
there is need for continual test for the effect of the quarry dust and other
aggregates in concrete. Properties of concrete applicable for construction
purposes are compressive strength, tensile and flexural strength, elastic
modulus, shrinkage, creep, durability, etc, . Of all the properties,
compressive strength is a predominant property which gives the quality of
hardened concrete (Grundy,1981). Because of this, compression strength is
therefore the parameter tested for in this study to determine the effect of
aggregate types on concrete strength.

Aggregates amount to at least three-quarter of the volume of normal weight
of concrete (Neville 2003) and they are cheaper than cement and also
confers a considerable better durability in concrete than the ordinary cement
paste. The aggregates are divided into two major divisions by size- fine and
coarse. The fine aggregates are sizes not larger than 5 mm while the coarse
aggregate are sizes of at least 5 mm (Neville, 2003).

For this study, the type of fine aggregates considered are sand and quarry
dust and the coarse aggregates used are gravel and granite, with maximum
size 20 and 28 mm. Another division of aggregate is by formation , where
there are also two groups- artificial and natural. Examples of later ones
(natural aggregates) are sand and gravel, while the former (artificial ones)
are quarry dust and granite. In this study, granite and quarry dust are
obtained from quarry dust in Kulende area, Ilorin, the gravel is obtained
from Share gravel site and the fine aggregate is the washed river sand
obtained from River Oyun.

Properties of aggregates that affects concrete strength are size, surface
texture, types etc,. The effect of these properties on concrete strength is
investigated through the use of different combinations of fine and coarse
aggregates from sand, gravel, quarry dust and granite, in a concrete mix
ratio 1:2:4 , with a water-cement ratio 0.5 . These mix ratios and type of
aggregates are considered because they are commonly applied in building
constructions. The concrete strength results obtained from the tests are
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compared to determine the aggregate combination and the corresponding
concrete strength. In addition such data are useful for incorporation into
concrete practice and also into soft ware for computer aided mixture
proportioning and quality control of structural concrete (Francois & Albert
1997)

2. Theory

From a literature, (Gupta & Amit Gupta, 2004), rough and highly angular
aggregate particles increase internal friction in concrete, but lead to higher
percentage of voids . The internal friction increase concrete strength while
the voids lead to decrease in strength (Shetty, 2005). In contrast however,
from Neville (2003), smooth gravel, which produces low voids give lower
stresses than the rough and angular crushed rock. This indicates that
aggregate types and sizes influence the concrete strength, but in this study
the effect of these aggregate properties on strength of concrete of mix ratio
1:2:4 is discussed . This is because this particular mix ratio is usually
applied in building constructions.

In a mix, proportions of ingredients are determined using absolute volume
method given by Neville (2003), as

Vit Vo Vi Ve, = I’ M
where Vy,Ve, Vis, Voo , are volumes fraction of water, cement, fine
aggregate and course aggregate respectively. With the mix ratio 1:2:4 and

water-cement ratio 0.5 by weight, eqn. (1) becomes

05C, € 2C  4C _, ¥)
1000 3150 D, D

ca

where C, Dg, and D, denote the weight of cement, and density of fine and
course aggregate respectively and 1000, 3150 , are values of densities of
water and cement, in Kg/m® , respectively. The densities of fine and course
aggregate are unknown yet and are determined from experiment.
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3 Experimental Work

3.1 Materials

The cement used is Ordinary Portland Cement (OPC), and the water was
pipe born water. The fine aggregates and quarry dust are surface dried
before use. The granite stone are the crushed natural rock of sizes 20 mm
and 28 mm. The gravel sample was washed to remove any clay , dust and
deleterious substances on the surface. The gravel sample sizes were
prepared with sieves 28 and 20 mm aperture respectively and the quantity
passing each of them (the sieves) was used for the study.

3.2 Property of materials
(a) Specific gravity (SG) of aggregates

The specific gravity of aggregate used in concrete is based on the saturated
surface dry condition of the aggregate (Neville 2003). It was carried out
using a container and the procedure is itemized thus. Apparatus used are
measuring cylinder, balance, glass rod, and drying duster. The cylinder is
weighed and recorded as A. The cylinder is filled to 1/3 of its capacity with
sample, weighed and recorded as B. The content of cylinder is filled half-
way with water, stirred thoroughly with a rod and then filled to top, and
weighed as C. This content is poured away and the cylinder is properly
cleaned, and filled with water to the top and weighed as D. The whole
process is repeated 10 times for each aggregate. The specific gravity (SG) is
computed as follow: By definition,

mass of sample
mass of an equal volume of water

SG =

(Ba)

Therefore,

SG = Ll (3b)
(D-A)-(C-B)

In Eqn(3), the masses (A,B,C and D) are substituted to obtain the result for
each sample. From this, the specific gravity is multiplied by 1000 to obtain
the density. The average density of sand, gravel, quarry dust and granite are
obtained as 2400, 2500, 2500 and 2650 kg/m® respectively.
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(b) Sieve analysis

The analysis was carried out to obtain the fineness modulus that gives the
average size of sand. The procedure as given by Neville (2003), is applied
as follow: A set of sieves are weighed and arranged in descending order of
aperture. The air dried sample of 800g was obtained and poured into the
uppermost sieve and the whole set were shaken manually, until no particle
passes from one sieve to another . The sample retained on each sieve is
weighed and recorded, from where the percentage retained and cumulative
percentage weight passing and retained on each sieve are calculated . The
cumulative percentage weight retained are summed up and divided by 100
to obtain the fineness modulus, as shown in Table 1. This value is 6.56,
showing that the average size of sand is between the 6" and the 7" sieve and
from Table 1 the corresponding sieve sizes are 0.4 mm and 0.3 mm,
respectively.

3.3 Preparation and Testing of Wet Concrete
(a) Proportion determination:

The weight of each constituents in the mix is computed using eqn. (2) .
When the density of fine aggregates and course aggregates are substituted
into the equation of a particular aggregate combination, the weight of
cement C is determined. Using values of C, the weight of water = 0.5C .
weight of fine aggregate =2C and weight of coarse aggregate = 4C
Therefore, for 10 cubes per mix, each of the values above is multiplied by
10 x 0.15% 1.02, to obtain the ingredients required for each mix. The 0.02
(i.e 2%) is to take care of shrinkage and wastage during casting and 0.15” is
the volume of a cube in m®. The proportion determination is carried out for
a mix using each of the aggregate combinations listed below

(i) 28mm maximum gravel size + sand, (ii) 20 mm maximum gravel size -
sand, (iif) 28mm granite size + Quarry dust, (iv) 20mm granite size ~
Quarry dust, (v) 28mm max. gravel size + Quarry dust, (vi) 20mm max
gravel size + Quarry dust, (vii) 28mm granite size + sand, and (viii) 20mm
granite size + sand .

Taking combination a) as sample calculation, density required in Eqn. (2
are that of sand (D=2400) and gravel (D, =2500). They are substituted as
follow
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0.5C € 2¢ 4C
To00 FT ettt —=1 (4)
1000 3150 2400 2500

From where C=308 kg/m®. Therefore for 10 cubes, each ingredient weight
in the mix becomes

Cement =308x10x0.15%x1.02 = 10.60kg ; Water = 0.5x308x10x0.15%x1.02=
5.30 kg ;Fine aggregate= 2x308x10x0.15°x1.02= 21.20 kg ; Coarse
aggregate=4x308x10x0.15%x1.02= 42.41 kg ; Similar calculation is carried
out for other combinations (b)to (h).

(b) Mixing

Each of the ingredients weight already determined for each mix was
measured and poured on a flat smooth and non-absorbent surface, The
water was poured carefully and all ingredients were mixed thoroughly until

uniform consistency was achieved. From each mix, ten cubes were cast for
test.

(¢) Slump test

This test is to determine the degree of consistency in a wet concrete. The
procedure as found in Neville (2003) and Culputa (2004) is followed. The

immediately after filling, the mould was raised vertically slowly and
carefully to empty the concrete content,

The empty mould was placed beside the concrete slump and the vertical
difference between the top of the mould and the highest part of wet concrete

Wwas measured. The difference is the slump. The results are presented in
Table 1
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Table 1 Sieve analysis result for sand

Sieve Sieve Sieve wt Weightt % Cummu- CummuT
size weight and Sand of Sand retained | lative % lative %
retained passing retained
(mm) | (8) (€3] (€3]
8 575 575 0 0 100 0
4 585 577 22 275 97.25 275
238 481 560 9 9.875 87.375 12.625
1 521 1006 485 60.625 26.75 73.25
0.5 494 581 87 10.875 15.875 84.125
0.4 478 542 64 8 7.875 92.125
03 327 347 20 2.5 5.375 94.625
0.25 470 482 12 1.5 3.875 96.125
0.063 444 474 30 3.75 0.125 99.875
Pan 498 499 1 0.125 0 100
Total 800 Total 655.5
fineness modulus = 6.56 j

3.4 Casting of Concrete Cubes

After slump test, concrete cubes are cast. The inner surface of concrete cube
moulds was oiled and the wet concrete poured. The concrete was placed in
three layers with each layer compacted using steel rods of 25 mm square
size, with minimum of 35 blows per layer and the surface was leveled using
a hand trowel. Each concrete cube was marked by number and
manufacturing date for identification. After 24 hours, the concrete cubes are
removed from their respective moulds and cured in a water tank for 28

days, after which they are tested.

3.5 Compression Test

On the testing day (28" day) the cubes are removed from water, left to air
dry then weighed and tested. The test was performed using an hydraulic
compression machine. The load was applied until the specimen failed. The

failure load was recorded.
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4. Analysis and Results

The density and compression strength were analysed for. The strength is

obtained when the load was divided by the surface area of the cube and the
expression for density is given as

Density = - - ®)
volume

In Eqn. (5), the mass and volume of the cubes are substituted to obtain
density results. The ten results obtained for strength and density
respectively are averaged and values are shown in Table 2. From the table,
the strengths and the corresponding aggregate combinations are plotted

using bar chart shown in Fig 1. Also plotted is concrete strength versus
aggregate size, presented in Fig 2.

5. Discussion

Fig.1 shows the plot of concrete strength versus aggregate type in the
concrete. From the figure, the highest strength is 26 N/mm?, obtained for
concrete containing quarry dust and granite with 20 mm maximum size
while the lowest strength is obtained with concrete with sand and gravel of
28 mm maximum size. Generally, concrete with all aggregates artificial has
higher strength than that with all aggregate natural or concrete containing
combination of natural and artificial aggregates.

The intermediate strengths are possessed by concrete having the
combination of artificia) and raturs) aggregates. However, concrete having
sand and granite is stronger than the corresponding one with quarry dust
and gravel. Although as some authors (Sahu, Kumar and Sachan, 2003),

have found out that crushed stone can be used effectively in the replacement
of natural sand in concrete and that concrete made with this replacement can

attain the same compressive strength, in this case however , replacement of
natural sand with crushed dust is not only effective, it also caused increase

in strength, though marginal. For example, for concrete with 28 mm gravel
size and sand, the strength is 19.78 N/mm? , while complete replacement of
sand with crushed stone, the strength increased to 20.69, an increase of 0.91
N/mm? (4.6 %). In the same way, the concrete with 20 mm gravel size and
sand has compressive strength of 20.00 N/mm? , while with complete
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replacement with crushed stone, the strength increased just to 21.19, an
increase of 1.19 N/mm” (5.95 %).

Fig 2 is the chart of concrete strength against coarse aggregate maximum
size. From the figure, as sizes of coarse aggregate increases, the concrete
strength decreases, whether the aggregate is natural or artificial. The reason
for this is that as aggregate size increases, the quantity of fine aggregate in
the concrete is decreasing thereby reducing the aggregate surface area to
absorb water, with consequence of increasing the free water content in the

concrete.

The increase in free water content is the cause of decrease in concrete
strength (Neville , 2003). The slope of each of the lines in the figure is the
rate of decrease in concrete strength with respect to increase in aggregate
size . The highest decreasing rate is 0.3425 N/mm?/mm, possessed by the
concrete with quarry dust and granite. The lowest rate is 0.0225
N/mm*mm, produced by the concrete having combination of sand and
gravel . This shows that the rate of decrease in strength is higher in the
artificial aggregates than in the natural aggregates. In the natural aggregates
the rate of change in strength with change in size, is very low (0.02) , and
therefore, change in size of natural aggregate (gravel) from 20 to 28 mm
does not change the concrete strength significantly.

From Table 2, the slump values varies from 50 to 82. The lowest value is
for wet concrete with sand and gravel of maximum size 20 mm and the
highest slump is for quarry dust and granite of 20 mm. Similar result was
obtained by Ahmed (1989) that with constant water-cement ratio, as the
case in this study, incorporation of fine sand to displace quarry dust,
resulted in significant reduction in slump. This shows that combination of
gravel and sand require more water than the combination of granite and
quarry dust in concrete work of similar slump. The reason could be that the
gravel and sand have more lower size aggregates and therefore higher gross
surface area that will absorb more water than in the combination of granite

and quarry dust.

6. Conclusion

From the study, it can be concluded that:

Jimoh, A. A USEP: Journal of Rt
and Awe, S. S.

The use of combination
produce higher strength
combination of artificial
and granite is stronger ¢
gravel. Also as sizes
decreases whether the 2

gravel . This shows that
to difference in sizes w
similar one with gravel and
of change in strength w

Table 2. Test resuis

Aggregate o
type 3

Sample

Slump

28 gravel 3
size and sand = -
20 gravel ¥ 5

sizeandsand | 70 =
28 granite

c size and | 2 28

quarry dust |

20 granite ‘

D size and

quarry dust

28 gravel |

E size and

quarry dust

20 gravel size |

F and quarry |

dust

28granite

size and sand

20 granite size
and sand |





image16.jpeg
pete
son
E in
g t0
 the

y dust,
fion of
= and
that the
T 2ross
sranite

Jimoh, A. A.  USEP: Journal of Research Information in Civil Engineering, Vol.4, No.2, 2007
and Awe, S. S.

The use of combination of quarry dust and granite aggregates in concrete
produce higher strength than concrete containing sand and gravel. For
combination of artificial and natural aggregates, the concrete having sand
and granite is stronger than the corresponding one with quarry dust and
gravel. Also as sizes of course aggregate increases, concrete strength
decreases whether the aggregate is natural or artificial. The rate of decrease
in strength with change in aggregate size is highest in concrete with quarry
dust and granite and lowest in concrete having combination of sand and
gravel . This shows that the strength of concrete strength is more sensitive
to difference in sizes when aggregates are granite and quarry dust than
similar one with gravel and sand. In concrete with gravel and sand, the rate
of change in strength with change in aggregate size, is not significant.

Table 2. Test results based on average of 10 specimens

Unit weight c Conc
omp A
As 5 Coarse strength vt
o ggregate Fine aggregate aparesal weight
= type & Ll
E % Sand gl:l::"y Granite | Gravel | N/mm* Kg/m®
A |28 gravel 53 |24 |25 265 |25 |19078 | 2304
size and sand
p | 20gavel 50 |24 |25 265 |25 2000 | 2355
size and sand
28 granite
C size and 82 24 23 2.65 25 23.78 2409
quarry dust
20 granite
D size and 81 24 25 2.65 2.5 26.52 2311
quarry dust
28 gravel
E size and 53 24 25 2.65 2.5, 20.69 2272
quarry dust
20 gravel size
F and quarry 51 24 25 2.65 2.5 21.19 2355
dust
¢ | 28gmnitc 8 |24 |25 |265 |25 |2170 | 2326
size and sand
u | Pegrnitesize | g |54 |25 |265 |25 [2311 2444
and sand
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