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Abstract
Use of well graded aggregates in concrete is one of the key parameters to ensure proper strength of the concrete.
Green concrete on other hand is need of the day. Therefore, this research paper presents laboratory investigations
of compressive strength due to gap gradation of coarse aggregates in green concrete cubes. Green concrete was
developed using demolishing waste as coarse aggregates. Five batches of cubes with 5 cubes in each batch were
prepared by omitting 1”, 3/4”, 1/2”, 3/8” and #4 sizes in turn. In these batches conventional and recycled aggregates
were used in equal proportions. Two more batches of the cubes; one with well grades conventional aggregates, and
other with well graded recycled aggregates were also prepared. For preparation of all cubes, a 1:2:4 mix with 0.5
water/cement ratio was used. Slump value of all batches was determined. All the specimens were cured for 28 days
by standard water curing. After curing, weight and compressive strength of the specimens were determined. From
the obtained results, it is observed that omission of smaller size aggregates has least effect (3%) on compressive
strength. On the other hand, if larger sizes are omitted, then the residual strength of the concrete is about 67%.
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1

Introduction

C

oncrete, due to its ability to transform into any
desired shape, has become the most widely used
construction material in the construction industry.
Strength is its key property to ensure proper durability
and serviceability. The parameter is verified by testing
specimens cast from running batch of the concrete.
However, it also depends upon the quality of the
ingredients used. Thus, it requires that the concrete
ingredients should comply with the specifications and
standards of the code of practice being followed. Well
graded coarse aggregates ensure proper strength of the
hardened concrete [20], but it is commonly observed
that the gradation of coarse aggregates is not done
on the site, resulting in unanticipated strength of
hardened concrete. Absence of any grade of coarse
aggregates will result in gap graded concrete.
These days, a serious problem faced globally is the
management of demolishing waste generated due to
demolishing of structures to construct either modern
infrastructure or infrastructure which meets the growing demands. The remains of the waste after utilizing
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as filling materials in floors or depressions generally
goes in landfills [17]. But the space problem especially
in city centers requires transportation of the waste to
far places resulting in overburden on the project. In
under developed countries like Pakistan, this problem
is more serious as the lands far from city centers are
agricultural lands [23]. Dumping the material in or
near such lands produces adverse effects on the agriculture. A possible solution of the problem as accepted
globally is making its use in new concrete [19]. Using
the waste as coarse aggregates in new concrete is not
only useful, but it has also become an active area of
research among the scholars.

2

Literature Review

Use of recycled concrete aggregates in fresh concrete
has remained an active area of research around the
globe since past few decades. Good quantum of the
work is devoted to the subject area. Review on use of
the recycled concrete aggregates in new concrete [1],
recent developments on use of demolishing concrete
as coarse aggregates [2], and review of mechanical
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properties of demolishing concrete as coarse aggregates
[3] has been done by different scholars around the
globe. Mechanical properties of demolishing waste [4],
compressive strength [5], effect of fly ash [18], effect of
cement proportion [21], effect of recycled aggregates
on mix design [22], and durability of the concrete
produced by making use of demolishing waste as coarse
aggregates in fraction or in toto [6] has also been
examined by the scholars. In an attempt to study the
relationship between cubical and cylindrical compressive strength of the recycled aggregate concrete, Buller
et al. [7] developed conversation coefficients. Khatib
and Altmami [8] studied the correlation between different properties of the aggregates from waste and the
concrete produced by using the same.
The effect of aggregate gradation on strength of conventional concrete is evident. In this connection, Pawar
et al. [9] studied workability, durability and strength
of the concrete with different grades of coarse aggregates. From the results, the authors observed that the
gradation has no impact on the slump of the freshly
mixed concrete. Whereas, the compaction factor test
is sensitive of aggregate gradation. They also observed
that the presence of coarser aggregates gives better
strength. In another similar type of study, Ukala et al.
[10] used granite waste as coarse aggregates from 12.7
mm to 50.8 mm and studied their impact on density,
workability and strength of concrete. They varied the
dosage of different sizes of the aggregates, but kept the
fine aggregates dosage and water cement ratio same.
Workability based on slump test was observed stiffer
due to presence of more coarse aggregates of larger
size. The density of concrete was observed to be the
same same irrespective of the variation in size of coarse
aggregates.
Eme and Nwaobakata [11] studied workability and
flexural strength of concrete using gap graded aggregates. They used 5-, 13- and 19-mm aggregates.
In preparation of concrete specimens, the authors
missed one grade of aggregates in turn. The concrete
was observed to be more workable with presence of
smaller particles. The prepared specimens were cured
for 7-, 12-, 21- and 28-days followed by testing for
flexural strength. The flexural strength tests results
showed more strength with exclusion of small sized
coarse aggregates than other gap gradation. Malewar
et al. [12] also used gap graded aggregates to study
the properties of M20 concrete. From the outcome of
their laboratory investigations, they concluded that
although the strength pattern for different gap grading
is different, but the performance of the gap graded
concrete is better than the conventional well-graded
concrete due to better homogeneity which prevents
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uniform distribution of load under stressed condition.
Rached et al. [13] tuned aggregate shape, size and
quantum to control and reduce the cement content
in concrete. The study was carried out considering
the cost and CO2 impact of cement. In different
approaches, the authors controlled shape and size of
aggregates, and used aggregate dust. From the results,
it can be concluded that both of the approaches can
control the quantity of cement in concrete without
compromising strength.
Slump, flow, density, water absorption and strength
of gap graded concrete is addressed by Figmig et al.
[14]. In their research program the authors used four
configurations of gap graded aggregate concrete to
prepare 9 mix design samples keeping all parameters
same except grading of the aggregates. The properties other than strength were observed sensitive of
gradation of aggregates but the strength with gap
gradation showed improved than conventional concrete. Mixing uniformity is another parameter of gap
graded concrete addressed by Gao et al. [15]. The
authors used twin-shaft mixer for the purpose. From
the laboratory investigations the authors concluded
that 40s as the optimum time for uniform mixing
of gap graded concrete. Another research study by
Akobo et al. [16] used coarseness factor chart to tune
the cement content in concrete. They varied aggregate
dosage of 12.7 mm and 9.52 mm coarse aggregates.
From the test results the authors observed that slump
of the concrete decreased as the dosage of coarser
aggregates was increased whereas, the strength results
did not observe any remarkable change. The process
led to the saving of 50 kg/m3 of cement.
From the above discussed literature review, it may
be observed that good quantum of work regarding
the processing and use of the demolishing waste as
coarse aggregates is done. Gap grading of the coarse
aggregates for conventional concrete is also addressed
by different scholars, but the effect of gap gradation
of recycled aggregates in green concrete is not done.
Therefore, this research study combines the use of
demolishing waste as coarse aggregates and gap gradation of recycled coarse aggregates to evaluate their
impact on compressive strength of hardened concrete.

3

Material & Testing

To produce green concrete for present research, demolishing waste as recycled aggregates were used in equal
proportion to conventional coarse aggregates. The demolishing waste of a slab in shape of large blocks was
brought to the laboratory from a demolishing site.
These blocks were hammered to a maximum of 1-inch
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Fig. 1: Coarse aggregates

size. These aggregates were then sieved as per standard
sizes defined by ASTM [24], i.e., 1”, 3/4”, 1/2”, 3/8”
and 0.187” (#4). The same process was repeated with
conventional aggregates. Also, both the aggregates
were separately sieved following the standard procedure of well graded aggregates. All the aggregates were
washed and allowed to air dry in laboratory (Figure 1).
Other ingredients of concrete used in this investigation
were ordinary Portland Cement, hill sand and potable
water. The pH of the water used was recorded to
be 6.8. Total seven batches of standard size concrete
cubes were designed. The details of the batches along
with quantities of the material required are given in
Table 1. The 1:2:4 concrete mix with 0.5 w/c ratio
was used for the preparations of samples, as the mix is
commonly used in the construction industry. A slightly
higher water cement ratio was adopted considering the
water demand of old aggregates being used.
In first five batches, one size of coarse aggregates was
omitted in turn. The concrete mix for sixth batch
contains 100% well graded recycled aggregates. Similarly, in the seventh batch all well graded conventional
aggregates were used. The concrete mix for all batches
was prepared using weight method and the ingredients
were mixed in a mini-mixer. Slump test was conducted
from all mixes to check the workability of the concrete.
Slump values obtained are given in last column of
Table 1.
Standard size concrete cubes were then prepared in accordance with ASTM procedure [25] (Figure 2). After
de-molding the specimens, standard water curing for
28 days was done for all 35 cubes. At the end of the
curing, the specimens were allowed to air dry in the
laboratory. Weight of the specimens was determined
using a digital balance (Figure 3) to check the effect
of gap gradation on the unit weight of the specimens.
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Fig. 2: The specimens

Fig. 3: Weight of the specimen

Compressive strength of the specimens was checked in
turn in a universal testing machine under gradually
increasing load (0.5 KN/Sec). Selected specimens during testing are shown in Figure 4. The compressive
strength results for all batches of the specimens are
shown in Figure 5.

4

Results & Discussion

The slump test values of the proposed gap graded
concrete described earlier are compared with the well
graded conventional concrete in Figure 6 and the
well graded recycled aggregate concrete in Figure 7.
The slump of all recycled aggregate concrete mixes
remained smaller compared to the slump value of the
conventional concrete mix. It is further observed that
omission of large sizes of coarse aggregates affects the
slump adversely. It is noted that the maximum slump
among the recorded values is in concrete mix when
0.187”(#4) size aggregates are omitted. The water
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Batch

Cubes

Description

Sizes present

B1

5

GAP-1
(Minus 1” Size)

B2

5

GAP-2
(Minus 3/4” Size)

B3

5

GAP-3
(MINUS 1/2” Size)

B4

5

GAP-4
(Minus 3/8” Size)

B5

5

GAP-5
(Minus 0.187”
(#4)Size)

5

Well Graded
100% Recycled
Concrete
Aggregate (RCA)

5

Well Graded
100% Natural
Concrete
Aggregate (NCA)

B6

B7

Recycled
Concrete
Aggregates
(RCA)

3/4”,
1/2”,
3/8”,
#4
1”,
1/2”,
3/8”,
0.187”(#4)
1”,
3/4”,
3/8”,
0.187”(#4)
1”,
3/4”,
1/2”,
0.187”(#4)
1”,
3/4”,
1/2”,
3/8”
1”,
3/4”,
1/2”,
3/8”,
0.187”(#4)
1”,
3/4”,
1/2”,
3/8”,
0.187”(#4)
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Weight (Kg)
Natural
Fine
Coarse
Aggregate
Aggregate
(F.A)
(NCA)

Slump
(mm)
Cement

12

12

12

6

14

12

12

12

6

14

12

12

12

6

15

12

12

12

6

16

12

12

12

6

16

24

0

12

6

18

0

24

12

6

22

TABLE 1: Details and quantities of specimens
Batch

Weight (Kg)

Load (KN)

B1
B2
B3
B4
B5
B6
B7

8.387
8.446
8.455
8.428
8.491
8.260
8.579

532.96
624.20
752.74
773.03
780.08
643.08
806.26

Compressive
Strength (MPa)
23.69
27.74
33.46
34.37
34.68
28.58
35.83

TABLE 2: Average weight and compressive strength

demand of recycled aggregate concrete is higher. It further adds up when any of the sizes of coarse aggregates
is omitted. Therefore, this additional demand of water
should be addressed in concrete mix to maintain the
workability.
The average values of weight, load and compressive
strength for all batches are listed in Table 2. It may
be noted that no regular trend in weight change is
observed. The average weight of gap graded concrete
is compared with batch B6 and B7 mixes in Figure
8 and Figure 9. It may be observed that the average

weight of gap graded RAC mixes remained lower that
the average weight of well graded NAC mixes. Thus,
gap gradation helps in developing light weight concrete in comparison to conventional concrete. However,
opposite trend is recorded in comparing the average
weight of the gap graded mixes with the concrete
mix produced using 100% recycled aggregates. All the
observed gap graded mixes increase in weight than
average with of batch B6. The maximum increase in
weight is recorded equal to 2.8% in mix with #4 size
coarse aggregates omitted (Batch B5). Analogous
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Fig. 4: Compressive strength test

Fig. 7: Slump of proposed specimen vs. well graded
RAC

Fig. 5: Compressive strength of all specimens

Fig. 8: Average weight (Well graded natural aggregate
concrete vs. gap graded recycled aggregate concrete)

Fig. 6: Slump of propose specimen vs. well graded
natural aggregate concrete

Fig. 9: Average weight (Well graded recycled aggregate
concrete vs. gap graded recycled aggregate concrete)
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Fig. 10: Average compressive strength (Well graded
natural aggregate concrete vs. the proposed specimen)
to the average weight, average compressive strength
of gap graded samples is compared in Figure 10
(with well graded NAC) and in Figure 11 (with well
graded RAC). Almost similar pattern as in average
weight is observed in average compressive strength.
The parameter of gap graded aggregates remained
smaller than that of the conventional concrete. More
reduction is recorded when larger sizes (1” and 3/4”)
were gaped. The reduction in compressive strength
was also recorded for these sizes when compared with
average compressive strength of well graded RAC. But
opposite to the findings of Figure 10, Figure 11 shows
an increase in compressive strength when smaller size
aggregates (1/2”, 3/8” and 0.187”(#4)) are omitted.
The percentage change in average compressive
strength of gap graded mixes with all-conventional
and all-recycled aggregate mixes in listed in Table 3.
It may be noted that omitting larger sizes of coarse
aggregates from the mix results in maximum loss of
compressive strength (34%). Whereas, minimum effect
of compressive strength is recorded when #4 size
coarse aggregates were not included in the concrete
mix.

5

Conclusion

In this research paper, laboratory investigation to evaluate the effect of gap gradation on recycled aggregate
concrete is presented. Comparison of the results with
well-graded conventional concrete specimens and well
graded recycled aggregate specimens shows that,
• Slump, weight and compressive strength of recycled aggregate concrete are affected.
• Removing larger size aggregates reduces slump
and compressive strength, but helps in producing
lighter concrete.
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Fig. 11: Average compressive strength (Well graded recycled aggregate concrete vs. the proposed specimen)

•

•

6

Marginal reduction (about 3%) in compressive
strength is recorded when #4 size aggregates are
omitted from the recycled concrete specimens.
The outcome of the research will be beneficial
in quality control of the green concrete if any
grade of the coarse aggregates is omitted form the
concrete mix.

Suggestions

Based on the outcome of the research presented in this
paper, following suggestions for future work are made.
• Demolition waste from different sources may be
used.
• Concrete mix other than normal mix may be used.
• Different water-cement ratios may be used
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