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Abstract. Currently, in developing countries, the construction industry which
uses a huge amount of concrete is booming at a faster growth rate due to an
ever-increasing population and urbanization. To satisfy the high concrete
demand natural resources like natural sand are depleting and river beds are
eroded due to mining of natural sand. On the other hand, construction and
demolition wastes disturb the environment due to different construction and
demolition activities. Thus, in this study RCFA from concrete cubes at a lab-
oratory was used to check the suitability of RCFA for concrete production as a
partial replacement of natural sand. A mix of C - 25 concrete was prepared with
0%, 10%, 20%, 30%, 40%, 50%, and 100% replacement of natural sand by
RCFA with and without admixture to check the compressive strength and
workability of concrete. The workability of mixes without admixture increases
as the replacement ratio of RCFA increases and vice versa for mixes with an
admixture. The compressive strength of concrete decreases as the replacement
ratio of RCFA increases. Even if there is a decrease in compressive strength as
replacement ratio of RCFA increases, it is possible to replace NS up to 20%
without an admixture and up to 50% with an admixture for the production of C-
25 concrete without a significant compressive strength loss from the control mix.

Keywords: Recycled concrete fine aggregate (RCFA) � Recycled aggregate
concrete (RAC) � Workability of concrete � Compressive strength of concrete

1 Introduction

The construction of infrastructures like buildings, bridges, roadways, and railways is
increasing from time to time in the construction sector due to the ever-increasing
population and urbanization. This demand has led to the construction of high-rise
structures and demolishing existing old low-rise ones (Kisku et al. 2017). Newly
constructed infrastructures mainly use concrete as the main input. Accordingly, the
demand for concrete making ingredients like aggregates is increasing from time to
time, since a huge amount of concrete is required in the construction industry for

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2022
Published by Springer Nature Switzerland AG 2022. All Rights Reserved
M. L. Berihun (Ed.): ICAST 2021, LNICST 412, pp. 49–67, 2022.
https://doi.org/10.1007/978-3-030-93712-6_4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93712-6_4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93712-6_4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93712-6_4&amp;domain=pdf
https://doi.org/10.1007/978-3-030-93712-6_4


different infrastructures. Concrete’s versatility, durability, sustainability, and economy
have made it the world’s most widely used construction material (Kosmatka et al.
2002). As Dixit et al. (2010), the construction industry is responsible for one of the
largest impacts of all human activities 40% of raw stone, gravel and sand consumption,
25% of virgin wood, 40% of total energy and 16% of annual water consumption. The
current annual consumption of concrete in the world is around 20 billion tons per year
(Tosic et al. 2017).

Aggregates generally occupy 60% to 75% of the concrete volume (70% to 85% by
mass) and strongly influence the concrete’s fresh and hardened properties, mixture
proportions, and economy (Kosmatka et al. 2002). From aggregates used in concrete
production about 33–40% is a fine aggregate (Sonawane and Pimplikar, 2013). The
consumption of natural sand in the world for concrete production is around 1000
million tons per year and making it scarce and limited (Ingalkar and Harle 2017).
Accordingly, using this huge amount of fine aggregate in the construction industry
depletes the natural environment; especially river beds that are the main sources of
natural sand in the construction industry of Ethiopia.

On the other hand, nowadays, the volume of demolished concrete is increasing due
to different reasons such as demolishing of structure for construction of new ones,
destruction of structures due to natural disasters, crushing of cubes and blocks from
different laboratories, destruction of buildings due to a new master plan, destruction of
buildings due to the construction of new road, etc. Even if there is no exact recorded
data on generation of C & D waste, more than 3 billion tonnes of construction and
demolition waste are generated annually in the world (Akhtar and Sarmah 2018). The
share of C&D in the total waste generation differs considerably between countries
worldwide. According to Ulubeyli et al. (2017), the share is estimated as, Japan (16%),
Germany (19%), USA (29%), EU (30%), China (30–40%), Hong Kong (38%), Aus-
tralia (42%), the UK (50%), and Spain (70%). Per capita C&D waste generation in ton
also shows large variations with low values in Norway (0.2), Poland (0.5), Spain (1),
intermediate values in Germany and the UK (2), Hong Kong (3), France and Ireland
(4), and high values in Luxembourg (15)”. As Luangcharoenrat et al. (2019) pointed
out, the proportion of construction debris (by weight) that is landfilled in each country
shows between 13% and 60% compared with the total amount of waste.

Demolished concrete is available at various construction sites in huge quantity
which are now posing a serious problem of disposal. Until now these materials are
mostly used for landfilling works. But demolition and construction wastes have the
potential to produce concrete by partially replacing natural aggregates. Thus, there are
two problems in the construction industry i.e. depletion of natural resources and waste
disposal problems. “To solve these two problems, People have started searching for
suitable alternative materials that could be used either as an additive or as a partial
replacement to the conventional ingredients of concrete so that the existing natural
resources could be saved to the possible extent, and could be made available for the
future generation” (Sirisala Chandrusha et al. 2017).

Since construction and demolition is booming, using recycled concrete for new
concrete production very essential. Even if there is no sound literature on the amount of
construction and demolition waste in the Ethiopian construction industry, annually
around 204 tons of concrete waste produced from four Bahir Dar city material
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laboratory institutions (Yehualaw and Woldesenbet 2016). Using recycled concrete
aggregate produced by crushing concrete waste reduces the consumption of natural
aggregate (NS & NCA) as well as the amount of concrete waste that ends up in landfills
which affect the environment negatively. Different researchers done a research and
proposes the use of recycled aggregate for concrete production.

As Zega and Di Maio (2011) pointed out, it is possible to replace natural sand up to
30% by recycled concrete fine aggregate for concrete production having a similar
mechanical and durable performance with 100% NS concrete using plasticizer
admixture. The authors state that replacing natural sand up to 30% by RCFA is possible
for structural concrete. On the other hand, Yaprak et al. (2011), state that the concrete
produced by using the RCFA show lower strength by 4.3% for 10 RCFA, 5.9% for 20
RCFA, 9.8% for 30 RCFA, 12,7% for 40 RCFA, 18.6% for 50 RCFA and 35.4% for
100 RCFA. The authors state that RCFA can be used up to 10% ratio for producing
C30 concrete, between 20% to 50% ratios for producing C 25 concrete.

Pereira et al. (2012), mention that using recycled fine aggregate as natural sand
decreases the slump of concrete from 123 mm to 112 mm for mix without admixture,
fixed constant 125 mm for regular super plasticizer and decreases from 130 mm (0%
replacement) to 120 mm (100% replacement) for high range super plasticizer. The
slump of concrete at 50% replacement and using regular super plasticizer increases
from 125 mm to 130 mm. Similarly, Cartuxo et al. (2016), state that for the same
slump value, the (w/c) increased up to 16.3% for mixes without admixture, the (w/c)
decreased up to 15.7% for mixes using regular super plasticizer and, the (w/c)
decreased up to 25.5% using high performance super plasticizer. The other researcher
Khatib (2005), states that there is a systematic increase in slump of concrete as the
content of recycled concrete fine aggregate in the mix increases, whereas there is a
decrease in slump with the increase in recycled brick content. Similarly, Kou and Poon
(2009), state that the slump of concrete increases as the replacement ratio of natural
sand by recycled sand increases with a maximum increment of 5% at full replacement
ratio.

Wang et al. (2019), uses both recycled fine and coarse aggregate for concrete
production and the author concludes that there is a slight increase in the compressive
strength of concrete mixes when NS was replaced with RCFA regardless of the coarse
aggregate replacement level. The author observed that the mechanical properties of
RCA decreased significantly when using 100% RCA with respective ranges of 8.7–
14%, 18.9–23.6%, and 12.6–26.9% for compressive strength, modulus of elasticity and
splitting testing strength test respectively. Similarly Kenai et al. (2002), investigated
that the mechanical properties of concrete with recycled coarse and fine aggregates and
found a reduction in compressive strength after 28 days in the order of 10% to 20% for
concrete with recycled coarse aggregates, 10% to 30% for concrete with fine recycled
aggregates and up to 35% for concrete with both coarse and fine aggregates. The other
researchers Kou and Poon (2009), state that the compressive and tensile splitting
strengths of the RA-SCC mixtures prepared without the addition of fly ash decreased
with increasing fine recycled aggregate content.

Cartuxo et al. (2016), state that for concrete produced using fine recycled aggregate
as natural sand, the compressive strength decreased up to 35% at 7 days, 29% at
28 days and 30% at 56 days for mixes without an admixture, increased up to 47% at
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7 days, 35% at 28 days and 43% at 56 days for mixes with regular super plasticizer
and, increased up to 82% at 7 days, 63% at 28 days and 59% at 56 days for mixes with
high performance super plasticizer. On similar manner Pereira et al. (2012), pointed out
that replacing natural sand by recycled concrete fine aggregate showed a decrease in
compressive strength with figures of 4.8%, 15.4% and 3.3% for the without admixture,
SP1 and SP2 families, respectively from the respective control mix at the age of
28 days.

Even if there are lots of researches studied by partially replacing natural sand by
recycled concrete fine aggregate none of the researches are conducted by considering
the whole water absorption capacity recycled concrete fine aggregate. Accordingly, this
research undertaken to investigate the effect of replacement of natural fine aggregate
with recycled concrete fine aggregate on properties of concrete by considering the
whole absorption capacity of recycled concrete aggregate. The study was evaluated in
terms of workability and compressive strength of concrete.

2 Materials and Experimental Design

2.1 Material Preparation and Properties

The recycled concrete fine aggregate used in this work were obtained from Bahir Dar
university material laboratory crushed cubes. Then the cubes were crushed by jaw
crusher at Zenzelima and the fine part were used as natural sand replacement. The
crusher is primary crusher which is used for crushing stone for the production of
aggregate. Dry mix were used on RCFA to reduce the amount of mortar on the surface
of recycled concrete fine aggregate. When RCFA was dry mixed by mixer the attached
mortar is separated (removed) from the fine aggregate. Additionally, RCFA becomes
more smother. As compared from recycled concrete fine aggregate before dry mix to
that of recycled concrete fine aggregate after dry mix, the mortar was separated from
the aggregate after dry mix.

Locally available Lalibela natural sand and Meshenti coarse aggregate that satisfies
ASTM requirement were used to conduct tests. Ordinary Portland cement 42.5 N made
by Derba cement factory were used as a binding material. Tap water from Bahir Dar
university and mega flow SP2 super plasticizer obtained from Addis Ababa with a
dosage of 2% of cement were used for the production of concrete.

Physical Properties of Aggregates (Fine and Coarse Aggregate)
Gradation of Aggregate: The grading of aggregate is very essential for the production
of good and suitable concrete. Well-graded aggregate decreases the porousness of
concrete produced and also the cement consumption. The gradation of coarse aggre-
gate, recycled concrete fine aggregate and natural fine aggregate satisfies ASTM
standards as illustrated on the graph below. As shown on Figs. 1 and 2 the gradation of
both fine and coarse aggregate is within the recommended limit of ASTM standard.

The rest physical properties of aggregates are tabulated in Table 1.
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2.2 Mix Design

After conducting the physical properties recycled concrete fine aggregate and natural
fine and coarse aggregate mix design was performed by using ACI 211. The quantities
of each concrete making ingredients are tabulated in Tables 2 and 3.

Table 1. Physical test results of aggregates

Type of test Coarse
aggregate

Natural fine
aggregate

Recycled concrete fine aggregate
Before dry
mix

After dry mix

Unit weight 1707 kg/m3 1619 kg/m3 1386.33 kg/m3 1523.70 kg/m3

Specific gravity 2.83 2.68 2.34 2.42
Absorption
capacity

1.43% 2.46 13.76% 10.4%

Moisture
content

0.343 1.82 – 2.62%

Silt content – 1.897 – 2.05%
Finesse
modulus

– 2.86 – 3.04

Table 2. Mix proportion by weight for mixes without admixture

Mix
designation

Percent
of
RCFA

W/C
ratio

Adjusted
W/C

Weight of materials in Kg/m3 Total weight of
materials (Kg/m3)Cement RCFA Sand CA Water

0RCFA100NS 0% 0.49 0.54 365 – 786.0 1141.0 196.00 2488

10RCFA90NS 10% 0.49 0.55 365 74 707.4 1138.3 201.27 2486

20RCFA80NS 20% 0.49 0.57 365 148 628.8 1135.6 206.54 2484

30RCFA70NS 30% 0.49 0.58 365 222 550.2 1132.9 211.81 2482

40RCFA60NS 40% 0.49 0.59 365 296 471.6 1130.2 217.08 2480

50RCFA50NS 50% 0.49 0.61 365 370 393.0 1127.5 222.35 2478

100RCFA0NS 100% 0.49 0.68 365 740 – 1114.0 248.70 2468

Table 3. Mix proportion by weight for mixes with admixture

Mix
Designation

Percent
of
RCFA

Percent of
admixture

W/C
ratio

Adjusted
W/C

Weight of materials in Kg/m3 Total weight
of materials
(Kg/m3)

Cement RCFA Sand CA Water Admixture

10RCFA90NS 10% 2% Cement 0.49 0.44 365 72.6 693 1138 161.20 7.3 2437

20RCFA80NS 20% 2% Cement 0.49 0.45 365 145.2 616 1136 165.30 7.3 2434

30RCFA70NS 30% 2% Cement 0.49 0.46 365 217.8 539 1133 169.40 7.3 2431

40RCFA60NS 40% 2% Cement 0.49 0.48 365 290.4 462 1130 173.47 7.3 2428

50RCFA50NS 50% 2% Cement 0.49 0.49 365 363.0 385 1128 177.60 7.3 2425

100RCFA0NS 100% 2% Cement 0.49 0.54 365 726.0 – 1114 198.08 7.3 2410
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2.3 Test Methods for Materials

To check the suitability of concrete making ingredients different standards were
adopted. The following are the test methods adopted for concrete making ingredients
(Tables 4 and 5).

2.4 Experimental Design

This research focuses on replacing natural sand by recycled concrete fine aggregate for
normal concrete production. Natural sand was replaced with recycled concrete fine
aggregate partially and fully to analyze the effect of replacing natural sand by RCFA on
concrete properties. To do the experimental work 0%, 10%, 20%, 30%, 40%, 50%, and
100% of natural sand is replaced by RCFA with and without admixture, and tests were
conducted on hardened and fresh properties of concrete. 0% replacement is used as a
control mix (reference mix). A total of 13 series of mixes and 117 cubes were prepared
and tested for workability and compressive strength. Since recycled aggregate has high
water absorption capacity three enhancement methods were used to compromise high
water absorption capacity of recycled concrete fine aggregate. The methods were dry
mix, using high range water reducing admixture and stage mix.

2.5 Mixing and Testing Methods for Concrete

Mix without Admixture: After all ingredients were prepared coarse aggregate,
RCFA, and NS were added to the mixer and dry mix was conducted. Then cement was
added to the mixer and dry mixed. Finally, water is added to the mix gradually and the

Table 4. Test methods for concrete making materials

Aggregate type and properties Test methods

Gradation test CA & FA ASTM C 136 and ASTM C 33
Bulk density test CA & FA ASTM C 29
Water absorption test CA ASTM C127

FA ASTM C128
Specific gravity test CA ASTM C 127

FA ASTM C128
Silt content FA IS 2386
Organic impurity FA ASTM C 40
Moisture content CA & FA ASTM C 566

Table 5. Test methods for concrete

Concrete properties Test method

Workability ASTM C 143 M-08
Compressive strength BS 1881-116
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concrete mixed uniformly. Once the concrete mixed uniformly, the workability of
concrete was checked by a slump test. After the slump test, the concrete was cast in
15 cm * 15 cm * 15 cm cube molds. After one day cast cubes were demolded and
cured into curing tanks at Bahir Dar Institute of Technology construction material
laboratory. A total of 63 cubes were cast in this mix.

Mix with an Admixture: In this mixing procedure, after all ingredients were prepared
RCFA, NS, and 67% mixing water were added to the mixer and mixed for 4 min. Then
coarse aggregate was added to the mixer and mixed for 2 min. Finally, the remaining
33% mixing water, cement, and admixture were added to the mix and mixed for 4 min
until the concrete was mixed uniformly. Once the concrete was mixed uniformly
workability of concrete was checked by slump test. After testing the slump, the con-
crete was cast in 15 cm * 15 cm * 15 cm cube molds. After one-day cast cubes were
demolded and cured into curing tanks at Bahir Dar Institute of Technology construction
material laboratory. In this mixing method, the water reducing capacity of admixture
was assumed to be 20% and the water content is reduced by 20%. This 20% was
selected since high range water reducers can reduce the amount of mixing water by
12% to 30%. According to Cartuxo et al. (2016), high range water reducers can reduce
the free mixing water up to 25.5% with the same slump to the control mix. In this
mixing method, a total of 54 cubes were cast.

RCFA + Natural Sand+ 67 
% of Mixing Water 

Coarse Aggregate

Cement + 33% of Water + 
Admixture 

Mixed for 4 Minutes

Mixed for 2 Minutes

Mixed for 4 Minutes

Fig. 3. Mixing procedure for mixes with an admixture adopted from Cartuxo et al. (2016)
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Slump Test: The slump test of concrete was conducted after thoroughly mixing con-
crete by using ASTM C-143 M-08 standard.

Compressive Strength Test: Compressive strength test was carried out according to BS
1881-116 standard by using a hydraulic compression machine of capacity 2000 KN.
The loading rate of the machine was 0.35 MPa/s. After casting concrete by 15 cm *
15 cm * 15 cm cubes and curing in curing tank, compressive strength test was con-
ducted at 3rd, 7th and 28th day by using a compressive strength machine at Bahir Dar
Institute of Technology.

3 Results and Discussions

In this section the results from slump test, compressive strength test and unit cost of
concrete are discussed.

3.1 Workability of Concrete Produced from Recycled Concrete
Aggregate

The slump test was performed to study the effects recycled fine aggregate concrete on
workability according to ASTM C-143 M-08. The water to cement ratio varies due to
the different water absorption capacity of each trial mix.

Workability of Concrete Mixes Without Admixture

Concrete mixes without an admixture were done by considering all the absorption
capacity of recycled concrete fine aggregate to the mix. As shown in Table 6 above the
slump of concrete was increased as the replacement ratio of natural sand by RCFA was
increased. This because the RCFA does not absorb all the water added to the mix by
considering its water absorption capacity. “As Cartuxo et al. (2016) states, about
10 min are required for RCFA to absorb about 70% of its absorption capacity.” Thus, if
an adjustment is done on the mix design of concrete, the slump of concrete increases as
the replacement of NS by RCFA increases. This result is also argued by (Kou and Poon

Table 6. Workability of mixes without admixture

Mix designation Percent of RCFA W/C ratio Adjusted W/C Slump (mm)

0RCFA100NS 0% 0.49 0.54 40
10RCFA90NS 10% 0.49 0.55 42
20RCFA80NS 20% 0.49 0.57 45
30RCFA70NS 30% 0.49 0.58 47
40RCFA60NS 40% 0.49 0.59 50
50RCFA50NS 50% 0.49 0.61 55
100RCFA0NS 100% 0.49 0.68 71

W/C ratio = water to cement ratio for the production of C 25 concrete. Adjusted
W/C ratio = water to cement ratio by considering absorption.
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2009) and (Khatib 2005). The authors state that the workability of concrete increases as
the replacement ratio increases at an early age and reduces substantially as time goes
because of RCFA water absorption. The slump of concrete in mixes without an
admixture was increased by 5%, 12.5%, 17.5%, 25%, 37.5%, and 77.5% from the
control mix at 10%, 20%, 30%, 40%, 50%, and 100% replacement ratios respectively.
Even if the slump of concrete increases as replacement ratio increases, the concrete was
bleeding and segregated at higher replacement ratios.

Workability of Concrete Mixes with Admixture

Unlike concrete mixes mixed without an admixture, the slump of fresh concrete for
mixes with an admixture and stage mixing was decreased as the percent of replacement
of RCFA increases. This is because the stage mix gives time for RCFA to partially
saturate and absorb more water. Besides, the effectiveness of high range water reducing
admixtures decreases as the replacement ratio of RCFA increases (Pereira et al. 2012).
Thus, the slump of the concrete mix was decreased as the replacement ratio of RCFA
increases. This result is argued by test results found by (Solyman 2005), (Cartuxo et al.
2016) and (Pereira et al. 2012). Even if the slump of concrete decreases as the
replacement ratio of RCFA increases, all concrete mixes mixed with an admixture have
a suitable slump for concrete work (25 mm to 50 mm). As compared to the control
mix, a maximum of 32.5% slump loss was observed at 100% replacement of natural
sand by RCFA. To easily understand the difference, the slump results are shown in the
graph below (Table 7).

Table 7. Workability of concrete for mixes with admixture

Mix
designation

Percent of
RCFA

Percent of
admixture

W/C
ratio

Adjusted
W/C

Slump
(mm)

10RCFA90NS 10% 2% Cement 0.49 0.44 45
20RCFA80NS 20% 2% Cement 0.49 0.45 40
30RCFA70NS 30% 2% Cement 0.49 0.46 37
40RCFA60NS 40% 2% Cement 0.49 0.48 35
50RCFA50NS 50% 2% Cement 0.49 0.49 32
100RCFA0NS 100% 2% Cement 0.49 0.54 27
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3.2 Compressive Strength Test

Compressive Strength Without Admixture

Partially replacing NS by RCFA reduces the compressive strength of concrete as the
replacement ratio of RCFA increases this is because the high absorption capacity of
RCFA increases the water to cement ratio in the mixture. The 3rd day compressive
strength of concrete reduced by 2%, 7%, 14%, 17%, 21%, and 42% from the control
mix with 10%, 20%, 30%, 40%, 50%, and 100% replacement ratios respectively.
Similarly, the compressive strength of concrete reduced from 0% to 34% at the 7th day,

40 42 45 47 50
55

71

45
40 37 35 32

27

0
10
20
30
40
50
60
70
80

S l u m p  ( m m )

Fig. 4. Slump of concrete using RCFA at different replacement ratio

Table 8. Compressive strength without admixture

Mix designation Percent of RCFA W/C ratio Adjusted W/C ratio Average compressive
strength
3 day 7 day 28 day

0RCFA100NS Control (0) 0.49 0.54 21.41 29.87 36.54
10RCFA90NS 10 0.49 0.55 21.03 29.74 36.45
20RCFA80NS 20 0.49 0.57 19.84 28.13 34.75
30RCFA70NS 30 0.49 0.58 18.47 26.37 33.24
40RCFA60NS 40 0.49 0.59 17.77 25.14 31.58
50RCFA50NS 50 0.49 0.61 16.84 24.05 30.16
100RCFA0NS 100 0.49 0.68 12.40 19.68 25.42
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and from 0% to 30% at 28th day with replacement ratios ranging from 10% to 100%.
This result is similar to the test result found by Cartuxo et al. (2016). The author found
that full replacement of natural sand with RCFA reduces the compressive strength of
concrete by 35%, and 29% at 7th, and 28th day respectively. Generally, the compressive
strength of concrete reduces as the replacement ratio of natural sand by RCFA
increases. When the age of concrete is increased the reduction in compressive strength
of concrete from the control mix is decreased in all the concrete mixtures. This is due to
the fact that the hydration of unhydrated cement paste on the surface of RCFA. At 20%
replacement ratio, even if the compressive strength of concrete is lower than the control
mix by 4.9% at the age of 28 days, it is slightly higher than the target mean strength of
C 25 grade concrete. Thus, according to test results, C 25 can be produced by partially
replacing natural sand with 20% RCFA and using locally available construction
materials in Bahir Dar (Table 8).

Compressive Strength with Admixture

As shown in Table 9 above, at 3rd day 37%, 35%, 25%, 17%, and 13% compressive
strength increment were obtained from the control mix when 10%, 20%, 30%, 40%,
and 50% of NS was replaced by RCFA respectively. But at the full replacement of NS
by RCFA there is a loss of 7% compressive strength from the control mix. Similarly, at
7th day there is 24%, 22%, 16%, 10%, 5% compressive strength increment at 10%,
20%, 30%, 40%, and 50% replacement ratio of NS by RCFA respectively. But, at the
full replacement of NS by RCFA there is a loss 13% compressive strength from the
control mix. At the age of 28th day 16%, 10%, 2% compressive strength increment was
obtained at 10%, 20%, and 30% replacement of NS by RCFA respectively. But at 40%,
50%, and 100% replacement of NS by RCFA there is a loss of 3%, 5%, and 19%
compressive strength from the control mix respectively.

Table 9. Compressive strength with admixture

Mix designation Percent of
RCFA

W/C
ratio

Adjusted
W/C ratio

Average compressive
strength
3 day 7 day 28 day

0RCFA100NS 0 21.41 29.87 36.54
10RCFA90NS+Ad 10 0.49 0.44 29.35 37.19 42.36
20RCFA80NS+Ad 20 0.49 0.45 28.91 36.34 40.26
30RCFA70NS+Ad 30 0.49 0.46 26.79 34.60 37.29
40RCFA60NS+Ad 40 0.49 0.48 25.13 32.89 35.41
50RCFA50NS+Ad 50 0.49 0.49 24.29 31.33 34.69
100RCFA0NS+Ad 100 0.49 0.54 19.86 26.03 29.72
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The compressive strength increment at an early age is higher for all mixes as
compared to the control mix. This is due to the fact that the admixture used in the mix
accelerates the strength gain of concrete. Since the admixture used was high range
water reducing and accelerating admixture. From the test results obtained, RCFA can
replace NS up to 50% by using water-reducing admixture for the production of C 25
concrete with a slight increment in compressive strength (3.5%) from the target mean
strength. This finding is supported by (Ahmed 2014), the concrete containing RCFA
contents up to 50% exhibited similar or slightly better at all ages from the control mix.
From the test results, C 25 concrete can be produced by partially replacing NS with
RCFA up to 50% by using different enhancement methods. Even if the compressive
strength of concrete produced at 50% replacement is slightly lower than the control
mix, it attains the target mean strength. To easily understand the difference in results,
the results are shown in Fig. 5 below.

3.3 Cost Comparison

In this work, only material costs were considered to estimate the cost of concrete. The
costs of the materials were collected from local material suppliers in Bahir Dar.
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Fig. 5. Compressive strength test results
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Partially replacing natural sand by 10%, 20%, 30%, 40%, 50%, and 100% with
RCFA without an admixture can save a material cost of 1.23%, 2.45%, 3.68%, 4.9%,
6.13%, and 12.25% respectively from the control mix. Though, the compressive
strength of concrete reduces as the replacement ratio of NS by RCFA increases.
Unlikely, as shown on Fig. 6 above using admixture in concrete incurs a material cost
of 9.89%, 8.69%, 7.49%, 6.29% and 5.09% at 10%, 20%, 30%, 40%, and 50%
replacement of natural sand by RCFA respectively. However, the full replacement of
natural sand by RCFA with an admixture can save a material cost of 0.92% from the
control mixture. Even if using an admixture in concrete incurs a cost, it increases the
compressive strength of concrete. At the age of 28 days, the compressive strength of
concrete can be increased by 16% at 10% replacement of natural sand with RCFA even
if the mix is the costliest. Generally, the material cost of concrete decreases as the
replacement ratio of natural sand by RCFA increases regardless of compressive
strength loss.

According to the test results, replacing natural sand by RCFA up to 20% without an
admixture and up to 50% with an admixture doesn’t have a significant effect on the
compressive strength of concrete. Thus, one can save a material cost of 2.45% by
replacing NS with 20% RCFA. From this, a contractor can save approximately 6500
Birr from 100 m3 concrete by replacing 20% of natural sand with RCFA. For mixes
with an admixture, one can replace natural sand by RCFA up to 50% without a
significant compressive strength loss from the control mix. However, the material cost

26
48

26
16

25
83

25
51

25
18

24
86

23
24

26
24

27
83 28
15 28
47 28
78 29
10

1800

2000

2200

2400

2600

2800

3000

3200

To
ta

l C
os

t i
n 

ET
B

Mix designation 

Total Cost (ETB)

Fig. 6. Unit cost comparison for concrete using RCFA

62 W. M. Nebiyu et al.



of concrete is increased by 5.09% from conventional concrete. Even if the cost of
concrete produced using an admixture is costly, using an admixture with RCFA is very
essential to solve waste disposal problems. By using an admixture, the optimum per-
cent replacement of natural sand with RCFA is increased from 20% to 50%, and one
can reduce 30% concrete waste by using admixture regardless of cost increment. Thus,
when using RCFA as natural sand one can use up to 20% to save material cost and the
other can use up to 50% with an admixture to solve waste disposal problems.

The construction industry is economical if it conserves natural resources, reduces
energy consumption, solves waste disposal problems, and preserves the environment
from degradation. Even if using water-reducing admixtures in concrete increases the
material cost of concrete, the above-listed benefits are obtained when using recycled
concrete fine aggregate as natural sand. Using recycled concrete fine aggregate saves
waste transportation cost, saves landfill space, saves landfill charges, saves soil and
groundwater contamination, reduces natural sand extraction, saves river beds from
erosion, ensures sustainability, and improves the public image and environmental
concern. Therefore, using construction and demolition waste for concrete production is
very essential.

4 Conclusions

Finally, the following conclusions are drawn from the test results obtained from con-
crete produced by using RCFA as a partial replacement of natural sand.

1. Except for high water absorption and lower specific gravity, the physical properties
of RCFA comply with the standards for good concrete production. Hence, RCFA
can partially replace natural sand by using a dry mix, stage mix, and an admixture
as an enhancement of RCFA.

2. The slump of concrete increases as replacement ratio RCFA increases for mixes
without an admixture. This is because the concrete doesn’t absorb all the water
added to the concrete by considering the water absorption capacity of RCFA. When
stage mix and an admixture were used, the slump of concrete was reduced as the
replacement ratio NS by RCFA increases because the long mixing time gives the
concrete to absorb the water added to the concrete by considering RCFA water
absorption.

3. The compressive strength of concrete decreased as the replacement of RCFA
increases since the amount of water added to the concrete was increased due to the
high-water absorption capacity of RCFA. But, the compressive strength of concrete
can be enhanced by using high range water reducing admixture and stage mixing.
A maximum compressive strength increment of 16% is obtained at 28 days when
10% of sand is replaced by RCFA and using an admixture. Generally, the com-
pressive strength of concrete reduces 5% to 30% for mixes without admixture and
3% to 19% for mixes with an admixture from the control mix at the age of 28 days.

4. From the test results, RCFA can replace NS up 20% by applying dry mix on RCFA
and up to 50% by applying dry mix, stage mixing, and high range water reducing
admixture without a significant compressive strength loss from the control mix.
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5. From the cost comparison between conventional concrete and RCFA concrete,
RCFA can save about 2.45% material cost than conventional concrete for a mix
without an admixture at a 20% replacement ratio. Unlikely for mixes with an
admixture the concrete incurs a material cost of 5.09% than conventional concrete
at maximum replacement ratio of 50%.

6. Even if using RCFA incurs a cost, it should be used for concrete production to
satisfy the NS demand, to reduce the waste released to the environment (waste
disposal problem), to reduce energy consumption, and to reduce erosion of river
beds for NS mining.

Generally, using RCFA for aggregate production is very essential for sustainability
in the construction industry. Since sustainability is necessary and it isn’t an option,
using alternative construction materials like RCFA is economical to preserve the
environment, to reduce natural resource extraction, to reduce energy consumption, and
to solve waste disposal crises in the construction industry.

References

Agamuthu, P.: Challenges in Sustainable Management of Construction and Demolition Waste.
SAGE, London (2008)

Ahmed, S.: Properties of concrete containing recycled fine aggregate and fly ash. J. Solid Waste
Technol. Manag. 40(1), 70–78 (2014)

Akhtar, A., Sarmah, A.K.: Construction and demolition waste generation and properties of
recycled aggregate concrete: a global perspective. J. Clean. Prod. 186, 262–281 (2018)

Anand Rangasamy, L.I.: (2019, October 31). https://www.quora.com/What-is-the-specific-
gravity-of-sand

ASTM, A.: C128-07a Standard Test Method for Density, Relative Density (Specific Gravity),
and Absorption of Fine Aggregate. ASTM International, West Conshohocken (2007)

ASTM, C.: 127 Standard Test Method for Density. Relative Density (Specific Gravity), and
Absorption of Coarse Aggregate (2007)

ASTM, C.: 494/C 494 M. Standard Specification for Chemical Admixtures for Concrete. ASTM
International (2005)

ASTM, C.: 125 Standard terminology relating to concrete and concrete aggregates. In: Annual
Book of ASTM Standards, vol. 4 (2007)

ASTM, C.: 143 Standard test method for slump of hydraulic cement concrete. In: ASTM
International (2007)

ASTM, C.: Standard test method for sieve analysis of fine and coarse aggregates (2006)
ASTM, C.: 33, 2008 “Standard Specification for Concrete Aggregates”. West Conshohocken,

USA (2008)
ASTM, C.: Standard test method for bulk density (“unit weight”) and voids in aggregate. In:

American Society for Testing and Materials. Annual Book, West Conshohocken (2009)
Begum, R.A., Siwar, C., Pereira, J.J., Jaafar, A.H.: A benefit–cost analysis on the economic

feasibility of construction waste minimisation: the case of Malaysia. Resour. Conserv. Recycl.
48(1), 86–98 (2006)

Behera, M., Bhattacharyya, S., Minocha, A., Deoliya, R., Maiti, S.: Recycled aggregate from
C&D waste & its use in concrete–a breakthrough towards sustainability in construction
sector: a review. Constr. Build. Mater. 68, 501–516 (2014)

64 W. M. Nebiyu et al.

https://www.quora.com/What-is-the-specific-gravity-of-sand
https://www.quora.com/What-is-the-specific-gravity-of-sand


Ben Nakhi, A., Alhumoud, J.M.: Effects of recycled aggregate on concrete mix and exposure to
chloride. Adv. Mater. Sci. Eng. (2019)

BMI. (2020, August 4). https://constructionreviewonline.com/2015/05/growth-of-ethiopia-
construction-sector-to-surpass-that-of-regional-peers-bmi-says/

ASTM: 40/C40M11, Standard Test Methods for Organic Impurities in Fine Aggregates for
Concrete. ASTM International, West Conshohocken (2011)

Cartuxo, F., de Brito, J., Evangelista, L., Jiménez, J., Ledesma, E.: Increased durability of
concrete made with fine recycled concrete aggregates using superplasticizers. Materials 9(2),
98 (2016). https://doi.org/10.3390/ma9020098

Chandar, S.P., Thakur, N., Reddy, C.L.K., Babu, B.S., Reddy, T.S.P., Kosika, S.: Experimental
investigation on partial replacement of fine aggregates by demolished concrete in the
production of normal concrete. Int. J. Civ. Eng. Technol. 8(4), 386–393 (2017)

Chew, K.: Singapore’s strategies towards sustainable construction. IES J. Part A: Civ. Struct.
Eng. 3(3), 196–202 (2010)

ACI 211.1-91 Committee, A.: Standard Practice for Selecting Proportions for Normal,
Heavyweight, and Mass Concrete, No. 9. Unites States, pp. 120–121 (2002)

Committee, A., Standardization, I.O.F.: Building Code Requirements for Structural Concrete
(ACI 318-08) and Commentary (2008)

de Brito, J., Saikia, N.: Construction and demolition waste aggregates. In: de Brito, J., Saikia, N.
(eds.) Recycled Aggregate in Concrete, pp. 81–113. Springer, London (2012). https://doi.org/
10.1007/978-1-4471-4540-0_3

Deshmukh, M.: Replacement of fine aggregate by demolished waste. In: International Conference
on Emanations in Modern Technology and Engineering (ICEMTE-2017), pp. 46–52 (2017)

Dixit, M.K., Fernández-Solís, J.L., Lavy, S., Culp, C.H.: Identification of parameters for
embodied energy measurement: a literature review. Energy Build. 42(8), 1238–1247 (2010)

EPA: Construction and Demolition Debris Management in the United States. Office of Resource
Conservation and Recovery, USA (2020)

Falcioni, R.: Ethiopians Construction Industry. A Market Insights Report by ITE Build &
Interiors (2016)

Evangelista, L., De Brito, J.: Concrete with fine recycled aggregates: a review. Eur. J. Environ.
Civ. Eng. 18(2), 129–172 (2014)

Fumoto, T., Yamada, M.: Influence of quality of recycled fine aggregate on properties of
concrete. In: Memoirs of the Faculty of Engineering, Osaka City University, vol. 43, pp. 97–
103 (2002)

Ghosh, S.K., Haldar, H., Chatterjee, S., Ghosh, P.: An optimization model on construction and
demolition waste quantification from building. Procedia Environ. Sci. 35, 279–288 (2016)

Ingalkar, R.S., Harle, S.M.: Replacement of natural sand by crushed sand in the concrete. Landsc.
Architect. Region. Plan. 2(1), 13–22 (2017)

Institutions, B.S.: Method for Determination of Compressive Strength of Concrete Cubes (BS
1881-116: 1983). London (2003)

Jin, R., Chen, Q.: Investigation of concrete recycling in the US construction industry. Procedia
Eng. 118, 894–901 (2015)

Kenai, S., Debieb, F., Azzouz, L.: Mechanical properties and durability of concrete made with
coarse and fine recycled concrete aggregates. Paper presented at the Challenges of Concrete
Construction: Volume 5, Sustainable Concrete Construction: Proceedings of the International
Conference held at the University of Dundee, Scotland, UK 9–11 Sept 2002 (2002)

Khatib, J.M.: Properties of concrete incorporating fine recycled aggregate. Cem. Concr. Res. 35
(4), 763–769 (2005)

Experimental Study of Recycled Aggregate Concrete Produced 65

https://constructionreviewonline.com/2015/05/growth-of-ethiopia-construction-sector-to-surpass-that-of-regional-peers-bmi-says/
https://constructionreviewonline.com/2015/05/growth-of-ethiopia-construction-sector-to-surpass-that-of-regional-peers-bmi-says/
https://doi.org/10.3390/ma9020098
https://doi.org/10.1007/978-1-4471-4540-0_3
https://doi.org/10.1007/978-1-4471-4540-0_3


Kisku, N., Joshi, H., Ansari, M., Panda, S.K., Nayak, S., Dutta, S.C.: A critical review and
assessment for usage of recycled aggregate as sustainable construction material. Constr.
Build. Mater. 131, 721–740 (2017). https://doi.org/10.1016/j.conbuildmat.2016.11.029

Kosmatka, S.H., Kerkhoff, B., Panarese, W.C.: Design and Control of Concrete Mixtures, vol.
5420. Portland Cement Association Skokie, IL (2002)

Kou, S., Poon, C.: Properties of self-compacting concrete prepared with coarse and fine recycled
concrete aggregates. Cem. Concr. Compos. 31(9), 622–627 (2009)

Luangcharoenrat, C., Intrachooto, S., Peansupap, V., Sutthinarakorn, W.: Factors influencing
construction waste generation in building construction: Thailand’s perspective. Sustainability
11(13), 3638 (2019)

Macozoma, D.S.: Developing a Self-Sustaining Secondary Construction Materials Market in
South Africa. University of the Witwatersrand (2006)

Massara, V.: The Brazilian legislation for the reuse of civil construction waste. MOJ Civ. Eng. 4
(5), 410–412 (2018)

Mohd, M., et al.: Utilization of demolished waste as fine aggregate in concrete. J. Acad. Indus.
Res. 1(7), 398–400 (2012)

Nagapan, S., Rahman, I.A., Asmi, A., Memon, A.H., Latif, I.: Issues on construction waste: The
need for sustainable waste management. Paper presented at the 2012 IEEE Colloquium on
Humanities, Science and Engineering (CHUSER) (2012)

Nelles, M., Gruenes, J., Morscheck, G.: Waste management in Germany–development to a
sustainable circular economy. Procedia Environ. Sci. 35(6), 14 (2016)

Paulo Roberto Lopes, L., Monica Batista, L.: Influence of CDW recycled aggregate on drying
shrinkage of mortar. Open J. Civ. Eng. (2012)

Pereira, P., Evangelista, L., De Brito, J.: The effect of superplasticisers on the workability and
compressive strength of concrete made with fine recycled concrete aggregates. Constr. Build.
Mater. 28(1), 722–729 (2012)

Polat, G., Damci, A., Turkoglu, H., Gurgun, A.P.: Identification of root causes of construction
and demolition (C&D) waste: the case of Turkey. Procedia Eng. 196, 948–955 (2017)

Rahdhika, K., Bramhini, A.: Construction and demolition waste as a replacement of fine
aggregate in concrete. Int. J. Sci. Eng. Technol. Res. 1016–1021 (2017)

Solyman, M.: Classification of recycled sands and their applications as fine aggregates for
concrete and bituminous mixtures (2005)

Sonawane, T.R., Pimplikar, S.S.: Use of recycled aggregate concrete. IOSR J. Mech. Civ. Eng.
52, 59 (2013)

Surya, M., Vvl, K.R., Lakshmy, P.: Recycled aggregate concrete for transportation infrastructure.
Procedia Soc. Behav. Sci. 104, 1158–1167 (2013). https://doi.org/10.1016/j.sbspro.2013.11.
212

Taffese, W.Z.: Suitability investigation of recycled concrete aggregates for concrete production:
an experimental case study. Adv. Civ. Eng. 2018, 1–11 (2018). https://doi.org/10.1155/2018/
8368351

Teychenne, D., Parrot, L., Pomeroy, C.: Building Research Establishment. Garston, 11 March
(1978)

Tosic, N., Marinkovic, S., Stojanovic, A.: Sustainability of the concrete industry: current trends
and future outlook. Tehnika 72(1), 38–44 (2017). https://doi.org/10.5937/tehnika1701038T

Turkyilmaz, A., Guney, M., Karaca, F., Bagdatkyzy, Z., Sandybayeva, A., Sirenova, G.: A
comprehensive construction and demolition waste management model using PESTEL and 3R
for construction companies operating in Central Asia. Sustainability 11(6), 1593 (2019).
https://doi.org/10.3390/su11061593

66 W. M. Nebiyu et al.

https://doi.org/10.1016/j.conbuildmat.2016.11.029
https://doi.org/10.1016/j.sbspro.2013.11.212
https://doi.org/10.1016/j.sbspro.2013.11.212
https://doi.org/10.1155/2018/8368351
https://doi.org/10.1155/2018/8368351
https://doi.org/10.5937/tehnika1701038T
https://doi.org/10.3390/su11061593


Ulubeyli, S., Kazaz, A., Arslan, V.: Construction and demolition waste recycling plants revisited:
management issues. Procedia Eng. 172, 1190–1197 (2017). https://doi.org/10.1016/j.proeng.
2017.02.139

Vasoya, N.K., Varia, H.R.: Utilization of various waste materials in concrete a literature review.
Int. J. Eng. Res. Technol. 4(4), 1122–1126 (2015)

Wang, Y., Zhang, H., Geng, Y., Wang, Q., Zhang, S.: Prediction of the elastic modulus and the
splitting tensile strength of concrete incorporating both fine and coarse recycled aggregate.
Constr. Build. Mater. 215, 332–346 (2019). https://doi.org/10.1016/j.conbuildmat.2019.04.
212

Winkler, G.: Recycling Construction & Demolition Waste: A LEED-Based Toolkit (Green-
Source). McGraw Hill Professional (2010)

Xiao, J.: Recycled Aggregate Concrete Structures. Springer, Heidelberg (2018). https://doi.org/
10.1007/978-3-662-53987-3

Yaprak, H., Aruntas, H.Y., Demir, I., Simsek, O., Durmus, G.: Effects of the fine recycled
concrete aggregates on the concrete properties. Int. J. Phys. Sci. 6(10), 2455–2461 (2011)

Yehualaw, M.D., Woldesenbet, A.K.: Economic impacts of recycled concrete aggregate for
developing nations: a case study in the Ethiopian construction industry. Paper presented at the
Construction Research Congress 2016 (2016)

Zega, C.J., Di Maio, A.A.: Use of recycled fine aggregate in concretes with durable requirements.
Waste Manag. 31(11), 2336–2340 (2011). https://doi.org/10.1016/j.wasman.2011.06.011

Experimental Study of Recycled Aggregate Concrete Produced 67

https://doi.org/10.1016/j.proeng.2017.02.139
https://doi.org/10.1016/j.proeng.2017.02.139
https://doi.org/10.1016/j.conbuildmat.2019.04.212
https://doi.org/10.1016/j.conbuildmat.2019.04.212
https://doi.org/10.1007/978-3-662-53987-3
https://doi.org/10.1007/978-3-662-53987-3
https://doi.org/10.1016/j.wasman.2011.06.011

