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Abstract Both coarse aggregates and fine aggregates are the main constituents of concrete because they not only
give the body to the concrete, it also have a significant effect on the fresh concrete based on aggregate’s shape, size,
texture, grading and crushing type. Moreover it is proved that aggregate’s types has the severe effect on physic-
mechanical properties of concrete as aggregate covered almost 70 to 80 percent of the total volume of concrete. This
paper investigates the effects on properties of concrete due to types of crushed aggregates alone. To observe the
effects of crushed aggregates sharply, all other components like water cement ratio kept constant for each type and
two types of crushed aggregates were used. ‘Impact Crushed’ and “Vertically Shafted’ aggregates type have been
used to prepare five different groups of concrete blocks and these five groups have different water-cement (w/c) ratio.
Source of these two aggregates, density and water absorption also kept constant to identify the effects on properties
of concrete only for crushing type. Finally after 1 week and after 4 weeks slump values (consistency of the concrete)
and compressive strength were measured without mixing any admixture or superplasticiser to the concrete.

Compressive strength difference for all groups at 1 week and 4 weeks also analysed at the end of the study.
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1. Introduction

Concrete is a composite material consists of filler and
binding material where the filler materials are fine or
coarse aggregate and binding materials are cement paste.
At the earlier stage of concrete development, it was
believed that aggregates were chemically inert and held
together by cement. But modern technology proves that
aggregates exhibits chemical bond at the interface of
aggregate and paste. Aggregate is such important matter in
concrete that maximum properties and workability of
concrete are directly changed with the properties of
aggregates. Density of concrete is determined by the
aggregate density as well as soft with porous concrete
produce weak concrete with lower wear resistance. That’s
why the overall or mechanical properties of concrete
depends on the certain properties of aggregates like source
of aggregates, normal or light or heavy weight aggregate,
size of aggregate, shape of aggregate, crushing type of
aggregates, angularity index, surface texture, modulus of
elasticity, bulk density, specific gravity, absorption and
moisture content, bulking of aggregates, cleanliness,
soundness of aggregates, thermal properties and grading
of aggregates. Moreover, Interfacial Transition Zone
(contact surface between aggregate and cement paste)

plays an important role in strength and durability of
concrete.

But aggregates should be clean and free from impurities
which are likely to interfere with the process of hydration,
prevention of effective bond between the aggregates and
matrix and it reduces the durability of concrete.
Sometimes excessive silt and clay contained in the fine or
coarse aggregate may result in increase shrinkage or
increased permeability in addition to poor bond
characteristics [1]. Adherence reducing material like silt
and clay must not be covered by aggregates surface and
both aggregates and surface geometry must not allow any
spaces which are being arisen from strike of cement
particles [2]. This situation is defined as ‘wall effects’. To
avoid such kind of spaces aggregates shape is a key fact
and if aggregates voids are minimised, the amount of
cement paste required to fill those voids also minimised
maintaining workability and strength. It is difficult to
really measure the shape of irregular body like concrete
aggregate which are derived from rocks. Not only have the
characteristics of the parent rock but also the type of
crusher used in crushing, influence the shape of
aggregates. Research shows that, there is a relationship
between the voids of aggregates and shape, texture and
grading of aggregates [3]. In rounded, cubical and well
graded particles exhibits lower void content than flaky,
elongated and angular aggregates. Roundness and
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angularity are the important characteristics of aggregates.
Roundness is the outline of the particle and it may be
measured in terms of convexity where angularity indicates
the sharpness of the edges and corners [4,5]. However,
flaky and elongated particles can produce harsh mixtures
and seriously effect in workability. An excess of poorly
shaped particles could reduce the strength of concrete
through the increase of water demand. In addition, flat
particles can be oriented in such a way that they could
impair the strength and the durability of concrete [6,7]. In
concrete pavements, flat particles near the surface inhibit
bleed water from entering mortar above particle, thus
contributing to the deterioration of the surface [8]. So
from literature it is clear that crushing type of aggregates
definitely has effects on properties of concrete because
crushing type of aggregate can change and control the
shape factor directly. To identify the effects on
mechanical properties of concrete (slump value and
compressive strength) of Impact Crushed and Vertically
Shafted aggregates this study was conveyed.

2. Experimental Procedure and Approach

To evaluate the effects on properties of concrete due to
different crushing of aggregates same cement and quality
of water was used. Fine aggregate (sand), impact crushed
coarse aggregate (A-1) and vertically shafted coarse
aggregate (A-2) properties were evaluated through lab
testing. Source of aggregates, density and porosity (water
absorption) of Al and A2 coarse aggregates were kept
constant. From lab testing it was found that, the density of
fine aggregates, impact crushed (A-1) coarse aggregates
and vertically shafted (A-2) coarse aggregates were 2.79
glem®, 2.70 g/cm® and 2.70 g/cm® respectively. Water
absorption percentage was determined by measuring the
increase in weight of an oven dry sample when immersed
in water for 24 hours. Water absorption percentage of fine
aggregates, impact crushed (A-1) coarse aggregates and
vertically shafted (A-2) coarse aggregates were 0.9%,
1.4% and 1.4% respectively. And weight per unit of
volume for fine aggregates, impact crushed (A-1) coarse
aggregates and vertically shafted (A-2) coarse aggregates
were 1650 kg/m® 1420 kg/m® and 1375 kg/m?
respectively. Impact crushers break materials according to
two principle of breaking and it has high material
capacities [9]. That’s why impact crushers use primary as
well as secondary steps and supplies more finer material
then jaw crushers in initial step. Most importantly, here no
secondary crusher needed and can supply material in
required grade and thickness. Therefore, impact crushers
have high performance, low operation and maintenance
cost as well as easy repairing and handling. On the
contrary, in case of application secondary as well as
tertiary processes are followed by vertically shafted
crushers [10]. The discharge particle size is relatively
small; particle shape is cubic and exhibits good abrasion
resistance.

Total 80 samples were prepared and among these 40
samples were tested for 1 weeks (7 days) and rest of the
samples (40 samples) were tested for 4 weeks (28 days).
The first 40 samples were categorized into 5 groups based
on five different w/c ratios. Each set of group contains 8
samples where 4 samples for A-1 coarse aggregates and 4

samples were A-2 coarse aggregates with same w/c ratio
for both. Rest 40 samples also consist of same pattern as
like as first 40 samples. Slum value of concrete,
compressive strength for 1 week and compressive strength
for 4 weeks were tested for A-1 and A-2 coarse aggregates.
Maintaining concrete testing standards the samples
dimension were taken cubic as 150mm x 150mm x
150mm. The mixture properties are showed in Table 1.

For slump test which was conveyed to identify the
consistency of the concrete, a typical mould of bottom
diameter 20 cm, top diameter 10 cm and height 30 cm was
used. During compaction of concrete, compaction was
conveyed by electric vibrator and special care was taken
to avoid segregation. During curing period, the samples
were stored in place free from vibration and in relatively
moist air at a temperature ranges from 25°C to 27°C. After
2 days mould was removed and marked with symbol to
identify later and finally cured under clean fresh water. All
the works done with maintaining various ASTM standards
[11-23].

Table 1. Sample properties details

Sample Cement Water Fine Coarse wiC
Group (Kg) (Kg) Aggregate Aggregate ratio
No. (Kg) (Kg)
Group-l | 210 126 496 752 0.60
G“I’Iu‘" 241 128 463 752 053
Grﬁll’p' 274 129 429 752 0.47
GrR;’p' 311 131 390 752 0.42
G’i’/“p' 350 133 349 752 0.38

3. Results and Discussions

3.1. Crushed Aggregate’s Effects on Slumps
of Concrete

The Figure 1 depicts slum value of A-1 coarse
aggregates for all five groups. For Impact Crushed (A-1)
coarse aggregates slump values were evaluated for all five
groups and it was evident from experiment that, there was
a steady decrease in slump value with the decrease of wi/c
ratio. That means slump value of A-1 coarse aggregate
was higher (145 mm) for Group-I and lower (92 mm) for
Group-V.
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Figure 1. Slump value of concrete of A-1 coarse aggregates for five
groups

The Figure 2 presents the slump value of A-2 coarse
aggregate die all groups. For Vertically Shafted (A-2)
coarse aggregates, slump values were also examined for
all five groups and it was evident from investigation that,
slump of concrete was decreases as like A-1 coarse
aggregate with the decrease of wi/c ratio. That means for
A-2 coarse aggregates slump value was higher (158 mm)
for Group-I and lower (103 mm) for Group-V.
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Figure 2. Slump value of concrete of A-2 coarse aggregates for five
groups

3.2. Crushed Aggregate’s Effects on
Compressive Strength of Concrete

For both type of crushed coarse aggregates (A-1 & A-2)
there were effects on compressive strength of 1 weeks and
4 weeks and it has an upward trend with some fluctuations
from Group-l to Group-V. Figure 3 depicts the
compressive strength of both type aggregates for all 5
groups aged of 1 week.
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Figure 3. Compressive strength for A-1 and A-2 coarse aggregates at 1
week

From experiment it was observed that, A-1 coarse
aggregates exhibited more compressive strength (for both
1 weeks and 4 weeks) than A-2 coarse aggregates.
Compressive strength was increased moderately for both
type crushed aggregates with the decrease of w/c ratio. For
A-1 coarse aggregate, lower compressive strength (14
MPa) was recorded for Group-l and higher compressive
strength (33 MPa) was for Group-V at 1 weeks (7 days).

The Figure 4 illustrates the compressive strength of
both types coarse aggregates for all five groups aged of 4
weeks. During this time, compressive strength of A-1
coarse aggregates ranges between 22 MPa to 41.5 MPa
and compressive strength of A-2 coarse aggregates ranges
between 19.5 MPa to 38.5 MPa. Highest compressive
strength was recorded for ‘A-1 with Group-V’ series
which had wi/c ratio of 0.38 with impact crushed coarse
aggregate.
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Figure 4. Compressive strength for A-1 and A-2 coarse aggregates at 4
weeks

3.3. Comparison between A-1 and A-2 Coarse
Aggregate

From systematic and standardized investigation it is
clear that, type of crushing aggregate has dramatic
effects on properties of concrete. At 1 week and 4 weeks
the strength fluctuation also obtained for five different
groups. In all case, strength decreases in case of vertically
shafted (A-2) coarse aggregates. At 1 week, for Group-I
strength difference between A-1 and A-2 was 1.5 MPa
and at 4 weeks this difference was 2.5 MPa. Differences
of compressive strength between A-1 and A-2 coarse
aggregates for five groups at 1 week and 4 weeks are
shown in Table 2.

Table 2. Compressive strength comparison chart of the investigation

Compressive Strength Compressive Strength
Group No. difference at 1 week difference at 4 weeks
(MPa) (MPa)
Group-| 1.5 2.5
Group-II 1.5 25
Group-111 2 25
Group-1V 2.5 2.5
Group-V 3 3

4. Conclusion

To identify the sharp and significant effects on
mechanical properties of concrete due to type of crushed
aggregate, this study were carried. Study carried on two
important properties of concrete- Slum test, which
indicates the consistency of concrete and compressive
strength, which indicates the bonding of concrete. All
through the investigational experiment, different standards
like ASTM standards, ACI code, and Indian standards

were followed to ensure the accuracy and standard of the
experiment. Following key findings were concluded
finally:

— In general, the slump value for both impact crushed
and vertically shafted coarse aggregates decreased
moderately for w/c ratio between 0.6 (Group-I) and
0.38 (Group-V).

— Concrete sample made with vertically shafted
coarse aggregate had higher slum value (103 mm)
compared with impact crushed aggregates (92 mm).

— Compressive strength was steadily increased with
the decrease of w/c ratio and strength was
comparatively high at impact crushed aggregate.

— Highest compressive strength (41.5 MPa) was
recorded for the samples which was made with
impact crushed aggregate maintaining 0.38 wic
ratio.

— At the end of the study the difference of
compressive strength for both type of aggregates at
1 week and 4 weeks were analysed and it was found
that highest strength difference (3.0 MPa) was
obtained for w/c ratio 0.38 and it was valid for both
1 week and 4 weeks.
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