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Abstract: The increase in the demand for concrete production for the development of
infrastructures in developing countries like Ethiopia leads to the depletion of virgin aggregates and
high cement demand, which imposes negative environmental impacts. In sustainable
development, there is a need for construction materials to focus on the economy, efficient energy
utilization, and environmental protections. One of the strategies in green concrete production is the
use of locally available construction materials. Scoria is widely available around the central towns
of Ethiopia, especially around the rift valley regions where huge construction activities are taking
place. The aim of this paper is therefore to analyze the suitability of scoria as a fine aggregate for
concrete production and its effect on the properties of concrete. A differing ratio of scoria was
considered as a partial replacement of fine aggregate with river sand after analyzing its
engineering properties, and its effect on the mechanical properties of concrete were examined. The
test results on the engineering properties of scoria revealed that the material is suitable to be used
as a fine aggregate in concrete production. The replacement of scoria with river sand also enhanced
the mechanical strength of the concrete. Generally, the findings of the experimental study showed
that scoria could replace river sand by up to 50% for conventional concrete production.
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1. Introduction

Concrete is one of the most widely used construction materials in the construction industry of
Ethiopia, like other countries of the world. The production of concrete-making materials or
ingredients usually needs high energy, costs, and causes environmental pollution. Green concrete is
characterized by the application of industrial by-products or alternative materials for wise
utilization of natural resources and to save energy besides minimizing environmental pollution [1].

The increase in the demand for concrete production leads to the depletion of virgin concrete
ingredients, which is a critical issue for all stakeholders of the construction industry for sustainable
economic growth, particularly in developing countries. Therefore, there is a need to provide further
attention to construction materials with regards to the economy, wise energy utilization, and
environmental protection for sustainable development [2]. Fine aggregate is one of the ingredients of
concrete that needs to get considerable attention in the production of green concrete, and it usually
comprises up to 30% to 35% of the total volume of concrete. Natural or river sand is the most
commonly used fine aggregate in the production of concrete.
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The construction industry exploits sand mainly from stream beds, sandy marine sediments, and
alluvial deposits [3]. Currently, a shortage of natural or river sand has become a problem for the
construction industry in Ethiopia as a result of growing construction activities in many parts of the
country, leading to significant depletion of natural sand [4,5]. The primary source of sand that is
provided to construction worksites of the nearby towns of Addis Ababa city is Awash basin, located
at a distance of about 70 to 120 km from Addis Ababa. The supply of river sand from such a long
distance makes the production and supply of sand energy-intensive and costly. Moreover, the
quality of the sand supplied from this source is poor with regards to its silt content, which is
sometimes as high as 20%, going far beyond the standard limit [6].

The quality of constituent materials used in the production of concrete plays a principal role in
determining the physical as well as the strength properties of the resultant concrete [7]. The
properties of sand, specifically the gradation and fineness modulus of sand, are among the principal
factors known to affect the performance of both fresh and hardened concrete [8,9]. Impurities, such
as organic matter, silt, and clay content, in the sand contribute to a reduction in the compressive
strength of the concrete. Olanitori [10] revealed that the compressive strength of hardened concrete
decreases as the percentage of the silt and clay contents increases. Thus, assessing the quality of
construction materials is very important to build strong, durable, and cost-effective structures for
sustainable infrastructure development [11].

In order to minimize environmental degradation in the depletion of natural sand, and the
associated cost of transportation, the use of locally available alternative materials is a critical
solution. The use of locally available construction materials that are suitable for concrete production
is recommended for the improvement of concrete performance at a comparable environmental
incidence and lifetime [12].

Quarry dust wastes are used as alternative construction materials for natural sand replacement
in order to minimize the shortage of river sand in concrete production in some countries. For
instance, quarry dust was used to replace the river sand in India to conserve the sustainable
development of scarcely available natural sand [13,14]. Quarry wastes are also used as a partial
replacement for natural sand in the production of concrete in Malaysia [15]. Some alternative
materials, such as fly ash, copper slag, limestone, and siliceous stone powder, are also used as a
partial or full replacement of river sand in the production of mortar and concrete [16]. The strength
and durability properties of concrete containing copper slag as a fine aggregate have been evaluated
and an improvement has been observed up to a replacement level of 40% as investigated by [17].
Another research was done in the use of ferronickel slag as fine aggregate in which the workability
and compressive strength properties of mortar were enhanced up to a 50% replacement for river
sand [18].

Scoria, which is a product of explosive volcanic eruptions, has been used for centuries in the
world as a construction material. Different researchers have examined the use of scoria as a
construction material in concrete production. According to [19], scoria used as a coarse aggregate
was found to be very useful in the production of lightweight concrete, with sufficient strength giving
it the advantage of reducing the dead load in building structures. Scoria is also used as a lightweight
aggregate with silica fume and fly ash mineral admixture in the production of lightweight structural
concrete in which an outstanding performance was observed with regards to the strength to unit
weight ratio [20]. Improvements in the mechanical strength of mortar were also observed when
using volcanic scoria as sand in the production of Portland cement mortar [21].

Volcanic materials are comprehensively utilized in the production of blended cement due to
their availability and properties. Volcanic materials are used as supplementary cementitious
materials to produce environmentally friendly concrete [22]. The use of scoria as a replacement of
cement was investigated in the production of self-consolidating concrete, which was found to be
economically and environmentally pleasant with the required strength and durability properties of
concrete [23]. The use of scoria as a replacement of cement in concrete production also improved the
durability of the concrete by increasing its resistance to chloride penetration and giving longer
periods of corrosion initiation [24]. Scoria, as a cement additive in Portland cement, was found to be
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effective in improving the property of the cement paste, particularly in controlling the alkali-silica
reaction [25].

Scoria is widely available around Addis Ababa and in the rift valley regions of Ethiopia and
thus can be used as an alternative construction material in concrete production [26]. The quarry sites
of scoria are limited to the use of sub-base road construction and are found a short distance of about
0.5 to 4.2 km from the nearby towns, such as Adama, Bishoftu, and Mojo, unlike natural or river
sand. Hence, the use of this material as fine aggregate in concrete production helps to save energy
and cost [27,28].

The physical and chemical properties of an aggregate are attributed to the parent material.
However, the shape, size, and surface texture(s) are essential for the concrete’s workability, and
bond characteristics between the aggregate and cement paste are attributed to the mode of
production. It is essential that the properties of the aggregate and its modes of production are
understood to produce the required quality of concrete [6,29].

The aim of this study was to investigate the suitability of scoria as fine aggregate and its effect
on the physical and mechanical properties of concrete.

2. Materials and Methods

2.1. Scoria

The scoria sample was collected from the quarry site indicated in Figure 1 around Adama town,
is found in the eastern part of Ethiopia at a geographical location of 8.54° N and 39.27° E at a distance
of 100 km from Addis Ababa. The grain size distributions of the sample taken directly from the
quarry site have the range of fine aggregate. Thus, the physical properties of this sample were
determined to check its suitability as a fine aggregate in concrete production.

Figure 1. Scoria quarry site near Adama town.

2.1.1. Gradation

Sieve analysis was conducted to determine the proportion of the different sizes of aggregates
and whether it satisfies the specification requirement in accordance with ASTM C33 and C136
[30,31] for use as a fine aggregate in concrete production. The series of standard sieves of square
openings were placed in consecutive sizes in which the largest sieve size was placed at the top and
the smallest was at the bottom, followed by a pan. The standard sample size was added to the sieve,
allowing for shaking by the machine for 15 minutes. From the particle size distribution of the
aggregate, the fineness modulus of the material was also determined to identify the coarseness or
fineness of the material. As per the ASTM C33 specification [30], the fineness of fine aggregate needs
to be in the range of 2.3 to 3.1. Based on the fineness modulus of fine aggregate, sand can be
categorized as fine sand (2.2 to 2.6), medium sand (2.6 to 2.9), or coarse sand (2.9 to 3.2) as per the
Ethiopian standard specification of building and road materials [32].
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A blending of aggregates is undertaken when there is a deficiency in the grading of an
aggregate. If two aggregates, designated A and B, are mixed together, with a fineness modulus of
FMa and FMs, the resultant blend fineness is calculated using a formula [33].

The results of the sieve analysis of the scoria sample taken from the quarry site of the study area
are shown in Table 1. As it is shown in Table 1 and Figure 2, the cumulative percentage passes
required for sieve sizes of 2.36, 0.6, and 0.3 mm are out of the ASTM C33 standard limit [30]. Thus,
the particle size distribution of scoria does not fulfill the required specification of the standard and
needs blending for use in concrete production.

Table 1. Percentage passes of scoria fine aggregates.

P Passi
Sieve Sizes Cum. % Passed Scoria ercentage Passing

(ASTM (C33 Standard)
9.75 mm 100 100
4.75 mm 95.30 95-100
2.36 mm 75.40 80-100
1.18 mm 55.30 50-85
0.6 mm 19.15 25-60
0.3 mm 5.20 10-30
0.15 mm 2.05 2-10
110
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Figure 2. Scoria aggregate sieve analysis graphical representation.

2.1.2. Fineness Modulus

The percentages retained on the sieve sizes are indicated in Table 2, from which the fineness
modulus of the scoria sample was determined. The fineness modulus (FM) of fine aggregate
generally needs to lie between 2.3 and 3.1 as per the ASTM C136 specification as already mentioned.
However, the FM of the scoria sample, which is 3.47, is out of the range of the limit set by the
standard and thus should not be used without blending. Since the scoria sample is a coarser fine
aggregate, it has to be blended with fine aggregate or sand with smaller fineness modulus to meet
the standard specification after being blended.
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Table 2. Percentage retained of scoria fine aggregates.

C lative 9
Sieve Sizes % Retained umulative %

Retained

9.75 mm 0 0

4.75 mm 4.70 4.70
2.36 mm 19.90 24.60
1.18 mm 20.00 44.60
0.6 mm 36.20 80.80
0.3 mm 14.00 94.80
0.15 mm 3.15 97.95

2.1.3. Silt Content, Specific Gravity, and Water Absorption Capacity

The material in the fine aggregates that has a smaller size than 75 um is generally regarded as
silt. Silt in the fine aggregate can have a severe effect on the quality of the concrete. It mainly affects
the workability of the concrete, and also results in a reduction in strength. The silt content of the
sample was determined in the laboratory using the ASTM C117 standard specification [34].
According to the standard, the maximum silt content is limited to 3%.

Specific gravity is the ratio between the weight of the substance and that of the same volume of
water. In this definition, the substance or material is assumed to be solid. The apparent specific
gravity of an aggregate refers to the solid materials excluding the pores, and the bulk specific gravity
refers to the total volume, including the pores of the aggregate.

Absorption capacity refers to the amount of water a solid aggregate material can absorb. The
maximum water absorption capacity of fine aggregate is limited to only 3% as per the ASTM C128
specification [35]. Both the specific capacity and water absorption capacity are determined using the
Pycnometer method.

The unit weight effectively measures the volume that the graded aggregates occupy in concrete
and includes both the solid aggregate particles and the voids between the aggregates. The unit
weight of the sample was measured using ASTM C29/29M [36] by filling the sample in a container of
a known volume (0.005 m3) and weighing it.

A summary of the physical properties of scoria is shown in Table 3. The result obtained from
the laboratory test showed the bulk specific gravity and the apparent specific gravity of the scoria
sample was found to be 2.397 and 2.457, respectively. In addition, the water absorption capacity of
scoria was found to be very low, with a numerical value of 0.6%. From the experiment conducted,
the scoria seems to have a smaller bulk density of 1165.70 kg/m? as compared to common river sand.
The silt content of the scoria sample was found to be 0.76%, which is less than the ASTM standard
[34].

Table 3. Summary of the physical properties of the scoria sample.

Physical Properties of Scoria Fine Aggregate

Silt content (%) 0.76
Fineness modulus (FM) 347
Bulk Unit weight (kg/m?3) 1165.70
Bulk Specific gravity 2.397
Apparent Specific gravity 2.457
Water absorption capacity (%) 0.60

2.1.4. Chemical Composition of Scoria

The scoria sample was ground or milled, and the chemical composition of the scoria powder
shown in Figure 3 was determined at the Geochemical Laboratory of Geological Survey of Ethiopia.
The analytical method of elemental analysis was conducted to determine the mineral composition of
the scoria powder, and the obtained result is shown in Table 4. From the result obtained, the scoria
powder contains a greater amount of silicon dioxide (52.53%), which is followed by aluminate and
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ferrite, with a percentage of 15.49% and 11.00%, respectively. The summation of these three oxide
compositions was found to be 79.02%, and the material is classified as class F pozzolanic material
according to ASTM C-618 [37].

Table 4. Chemical composition of scoria.

Composition SiO2 ALOs Fe20s CaO MgO NaO K:O0 MnO P:0s TiO: H:0 LOI
Content (%) 5253 1549 110 101 4.4 256 <01 018 017 088 0.64 0.85

(b)

Figure 3. Picture of scoria sample: (a) Scoria aggregate; (b) Scoria powder.

2.2. Sand

Natural river sand, which is supplied from the Gambella region in Ethiopia, was used in this
study. All the physical properties that were determined for scoria were also determined following
the same procedure for use of the sand fully or partially as a fine aggregate in concrete production.

2.2.1. Gradation and Fineness Modulus

The particle size distribution of river sand was analyzed, and the obtained result shown in
Table 5. The obtained result fulfills the ASTM C33 [30] standard specification for concrete
production. The grain size distribution of the river sand used, indicated in Figure 4 shows that it is
fine sand since its fineness modulus, which is 2.36, lies between 2.2 to 2.6.

Table 5. Gradation of river sand.

Sieve Sizes in mm Cumulative % Retained Cumulative % Passed Cumulative % Pass (ASTM C33)
9.50 0 100 100
4.75 0.74 99.26 95-100
2.36 3.45 96.55 80-100
1.18 18.23 81.77 50-85
0.60 48.28 51.72 25-60
0.30 72.91 27.09 5-30
0.15 92.61 7.39 0-10

0.075 99.62 0.68
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Figure 4. River sand grain size distribution curve.

2.2.2. Specific Gravity and Water Absorption Capacity

A summary of the physical properties of the river sand is presented in Table 6. The bulk specific
gravity and apparent specific gravity of river sand were determined to be 2.58 and 2.67, respectively.
The silt content test result of the river sand was found to be 4.26%, which is above the maximum
allowable limit of the ASTM C117 specification [34]. Therefore, the river sand was washed, and its
silt content was reduced to 1.56% to keep the standard specification for concrete production. The
bulk density of the river sand determined from the laboratory result was 1482 kg/m3. The water
absorption capacity of the sand was found to be 0.67%.

Table 6. Summary of the physical properties of the river sample.

Physical Properties of River Sand Fine Aggregate

Silt content (%) 1.56
Fineness modulus (FM) 2.36
Bulk Unit weight (kg/m?3) 1482
Bulk Specific gravity 2.58
Apparent Specific gravity 2.67
Water absorption capacity (%) 0.67

2.3. Coarse Aggregate

The coarse aggregate used in this study was crushed stone gravel of basaltic origin. The
maximum nominal size of the coarse aggregate used was 20 mm. Gradation of the coarse aggregate
conducted to check whether it fulfilled the ASTM C-33 specification [30] for concrete production.
The test result of the grain size distribution of the coarse aggregate is indicated in Figure 5. The unit
weight, specific gravity, moisture content, and water absorption of the aggregate were also
determined using ASTM C-29, ASTM C-127, and ASTM C-136 [31,36,38]. The test results of these
properties are presented in Table 7. The physical properties of the aggregate satisfied the ASTM
standard specification for concrete production.
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Figure 5. Gradation of coarse aggregate.

Table 7. Physical properties of coarse aggregate.

Coarse Aggregate Property

Bulk Specific Gravity 2.65
Apparent Specific Gravity 2.73
Water Absorption (%) 1.08
Moisture Content (%) 0.23

Dangote ordinary Portland cement (OPC) with a grade of 42.5 R was used in this study. The
physical properties of Dangote OPC cement were determined as per ASTM standard

specification(s). The physical properties of Dangote OPC, which include the standard consistency,

setting time, fineness, and specific gravity, were determined using the standard specifications of
ASTM C 187, ASTM C 191, ASTM C-184, and ASTM C 188, respectively [39-42]. The obtained result
of the laboratory experiment on the cement fineness indicated that 100% passed the 150 um, 97.6%
passed the 100 um, and 92% and 78.2% passed the 90 um and 63 um, respectively. The standard
consistency, setting time, and specific gravity test results are indicated in Table 8.

Table 8. Physical properties of cement.

Properties Dangote OPC
Specific Gravity 3.13
Standard Consistency (%) 32.4
Initial Setting Time (min) 80

Final Setting Time (min) 290
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2.5. Water

Tap water, which is used for drinking purposes, was used in this experimental work.

2.6. Concrete Mix Design

The American Concrete Institute (ACI) method of the mix design method was used in
designing the concrete mixes. The trial mix was prepared for a concrete grade of C-25 compressive
strength. A maximum aggregate size of 20 mm was used in the experiment. A water to cement ratio
of 0.50 was used based on the maximum aggregate size and the concrete grade. By considering the
workability of the concrete in line with the aggregate size and strength of the concrete, the amount of
water required was determined following the ACI mix design table. Accordingly, the amount of
water required for the mix is 185 kg/m?. Based on the fineness modulus of the fine aggregate, the
amount of the coarse aggregate was determined for the specified maximum aggregate size. The
proportion of the concrete ingredients used in a unit cubic meter is indicated in Table 9, considering
the associated physical properties of the materials.

In this study, the fine aggregate used was a combination of scoria and river sand. Replacement
of scoria was made with a percentage of 0% (control), 10%, 25%, 35%, and 50% on a weight basis. The
effects of the different levels of percentages were investigated on the workability and compressive
strength of the concrete by measuring the slump height and compression machine, respectively.

Table 9. Proportion of the concrete constituents.

Constituents Water Cement River Sand Scoria Coarse Aggregate
(kg/m’) (kg/m’) (kg/m?) (kg/m?) (keg/m?)

0, 0,

100% RS. +0% 185 370 673.40 0.00 1087.80
Scoria

90% RS + 10% 185 370 606.06 67.34 1087.80
Scoria

75% RS * 25% 185 370 505.05 168.35 1087.80
Scoria

65% RS +35% 185 370 437.71 235.69 1087.80
Scoria

50% RS +50% 185 370 336.70 336.70 1087.80
Scoria

2.7. Concrete Tests

Concrete tests were carried out to determine the properties of both fresh and hardened
concrete. The slump cone method was used for the determination of the concrete consistency or
workability of the fresh concrete using ASTM C143 [43]. A slump cone with 10 cm diameter at the
top, 20 cm diameter at the bottom, and vertical height of 30 cm was used. The internal surface of the
cone was cleaned and placed on a smooth horizontal surface. The cone was filled in three layers of
equal height with concrete, and each layer was tamped 25 times with a 16 mm tamping rod. The
slump value for each concrete mix was determined. The precision of the test result was checked as
per the ASTM C143 to accept the test results. The observed slump values for each level of
replacement are presented in Section 3.1.

The compressive strengths of the test specimens were determined using an automatic
compression testing machine (UTC-4321) using ASTM C-39/39M [44]. Cubic steel molds of a 15 cm
dimension were used to cast the concrete test specimens. Once the molds were firmly fixed, and
their interior faces greased, the molds were filled in three layers each, with 5 cm being tapped 25
times manually with a steel rod. Three specimens were prepared for each test, and the specimens
were stored in curing water tank for 7, 28, and 56 day periods at a room temperature of about 25 °C
[45]. The reliability in the precision of the measurement in the data set was checked by determining
the standard deviation, and the error bars are indicated in the graphs presented in Figures 7-9. The
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standard deviations of the data sets varied from 0.14 to 0.478, which is less than the acceptable
precision of 1.4 MPa applicable for a laboratory with in-test variation [46].

3. Results and Discussion

3.1. Workability of Fresh Concrete

The test result of the slump height observed is indicated in Table 10. The test result of the
experimental work shows that the workability of the fresh concrete slightly increases as the amount
of scoria replaced as fine aggregate increases. As the percentage of scoria increases, the fineness of
the blended fine aggregate increases. The increase in the workability of the concrete is supposed to
be due to the relative coarseness of the fine aggregate as a result of the replacement of scoria with the
higher fineness of modulus as compared to the river sand (RS).

Table 10. Slump height of scoria replaced concrete.

Mix Designation  Slump Value (mm)

100% RS + 0% Scoria 32
90% RS + 10% Scoria 33
75% RS + 25% Scoria 35
65% RS + 35% Scoria 36
50% RS + 50% Scoria 38

3.2. Density of Hardened Concrete

The density of the test sample at the age of the 56th day for the different levels or proportions of
scoria replacement was determined, and the result indicated in Table 11. It can be seen from the table
that the density of the concrete decreases as the percentage of scoria increases due to the lower unit
weight of scoria. This finding confirms a research study made by Shannag et al. in 2014 [20]. The
reduction in the density of concrete helps to decrease the self-weight of the concrete in the
determination of the design dead of the concrete structural member to have reduced concrete
cross-sectional dimension supporting the structural member and thus saves the amount of concrete
volume relatively.

Table 11. Density of hardened concrete.

Mix Designation  Density, kg/m?

100% RS + 0% Scoria 2501.93
90% RS + 10% Scoria 2482.68
75% RS + 25% Scoria 2465.19
65% RS + 35% Scoria 2458.62
50% RS + 50% Scoria 2452.05

The experimental test results show that the density of the hardened concrete decreases with
increasing amounts of scoria percentage, which is expressed in a polynomial function with an
equation of Y = 0.018X2 - 1.894X + 2501.1 as shown in Figure 6, where X represents the percentage of
scoria replacement. The density of the hardened concrete at any given percentage of scoria can be
estimated using this equation.
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Figure 6. Density of hardened concrete as a function of scoria replacement.

3.3. Compressive Strength

The average compressive strength of scoria-replaced concrete of different curing ages is
presented in Figures 7-9. The compressive strength test result of the experiment shows that there is
an increase in the compressive strength at the curing ages of 7, 28, and 56 days with an increase in
the amount of the scoria used as fine aggregate as compared to that of the control sample. The
average compressive strength of concrete for a scoria replacement of 10%, 25%, 35%, and 50%
increased by 1.879%, 4.212%, 5.616%, and 0.829%, respectively, for the seven days age of curing
compared to the control mix. For the age of the 28-day strength of the concrete, the levels of
increments observed were 2.49%, 4.62%, 5.94%, and 0.451% for the respective scoria replacement
percentages. Almost the same amounts of increments were also observed for the 56-day concrete
compared to the control.

The enhancement in the properties of the concrete observed was due to the inherent physical
properties of the scoria sample. The silt and clay content of scoria is smaller than the river sand while
the water absorption capacity is almost similar. The decrease in the silt content of the blended
concrete mixes helps the proper cement hydration processes to take place, favoring the compressive
strength of the concrete to occur due to proper bondage between the aggregates. The blending of the
finer river sand with the coarser scoria resulted in a well-graded particle size distribution, increasing
the volume solid of the concrete and thereby increasing the strength of the concrete.

The maximum compressive strength attained at a replacement of 35% of scoria. As the amount
of scoria gets more and more, the amount of finer sand aggregates decreases, and thereby, the
volume of solid decreases. Besides, the formation of the interaction of paste and aggregate also
decreased due to the lowering of the filler or packing effect. As a result, the compressive strength of
concrete declined beyond 35%. However, the compressive strength with 50% replacement is still
higher than that of the control sample due to the well-graded particle distribution of the blended fine
aggregate as compared to that of the river sand. Generally, this experimental study shows that the
scoria sample under consideration can replace the river sand up to 50% in order to produce concrete
for the target mix design considered.
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Compressive strength (MPa)

Compressive strength of concrete for the 7th day

5 10 15 20 25 30 35 40 45 50 55

Percentage of Scoria replacement

Figure 7. Compressive strength of seven-day age with an error bar.

Compressive strength (MPa)

Compressive strength of concrete for the 28th day

5 10 15 20 25 30 35 40 45 50 55

Percentage of Scoria replacement

Figure 8. Compressive strength of 28-day age with error bar.
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Compressive strength of concrete for the 56th day

Compressive strength (MPa)
kR
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Percentage of Scoria replacement

Figure 9. Compressive strength of 56-day age with error bar.

4. Conclusions

The findings of the study can be concluded as such: The evaluation of the properties of scoria
showed that scoria is suitable to be used as a partial replacement of fine aggregate in the production
of concrete. Scoria was found to have outstanding quality, especially with regards to its silt content
compared to the river sand. Thus, the use of scoria as fine aggregate helps to save energy and cost of
washing the river sand. It also produces improved concrete quality. The use of scoria in concrete
production was found to increase the workability of the fresh concrete as compared to the control,
favoring a better quality concrete. The compressive strength of the hardened concrete increased up
to a 50% replacement of scoria as a fine aggregate compared to the control concrete in which the
river the sand was used. Thus, scoria can be used up to this level of replacement to produce the
target design strength of concrete of C-25 grade. The river sand used in this study had a well-graded
gradation of particle size distribution by using a 35% replacement of the scoria sample, thus causing
the hardened concrete to have maximum compressive strength. The density of the hardened
concrete decreases as the ratio of scoria replacement increases due to its lesser specific gravity and
induces the concrete to have a relatively decreased self-weight, and thus increases the strength to
unit weight ratio or structural efficiency as compared to the control sample.

In general, scoria is suitable for use to produce concrete as a fine aggregate and partial
replacement of river sand. Its local availability aids its choice as an alternative construction material.
Its availability at a shorter distance compared to river sand around the central towns of Ethiopia
helps to save energy and cost, and thus meets the strategy of green concrete production.
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