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The demand for cement, which is one of the key components of concrete, is high in Ethiopia, but it is the most expensive and
environmentally unfriendly construction material. Due to the increasing concerns about the environment worldwide, researchers
have started looking for other resources that can be used to reduce the pollution caused by the cement industry. One of the most
effective ways to reduce the pollution caused by the cement industry is by using volcanic scoria powder as a partial replacement for
cement in concrete production. Scoria is a locally available natural volcanic material in Ethiopia, especially around the rift valley
regions. This natural resource can also be used to reduce energy consumption and the cost of production of cement. To investigate
this study, nonprobability sampling techniques were adopted to collect samples from the study area. A differing proportion of
scoria powder was considered as a partial replacement of cement after analyzing its characteristics, and its effect on the fresh and
mechanical properties of hardened concrete was examined. The test results on the characteristics of scoria revealed that the
material is suitable to be used as a supplementary cementitious material in concrete production; hence, its main constituents
SiO, + ALOj; + Fe,Oj5 are higher than 70% as per ASTM C618. As the content of scoria powder replacement in cement is increased,
it reduces the slump of freshly mixed concrete properties. The hardened concrete specimens made with 10%, 20%, and 30% partial
replacement of cement with scoria achieved the specified minimum strength after 28 days of curing time. But concrete specimens
made with 40% scoria content do not satisfy the minimum specified concrete strength even after 90 days. The significant strength
achievement in scoria blended concrete specimens occurred when moving from 56 to 90 days of curing with 10% replacements.
However, in reference specimens, this was observed during 28 days of curing times. The findings of this investigation revealed that
scoria powder could replace cement by 30% for the production of normal concrete and it also has the potential to protect the
environment from carbon dioxide emissions. These findings satisfy the basic strategy of green concrete production in worldwide.

used as alternatives to Portland cement which is available

1. Introduction

The ever-increasing populations, living standards, and
economic development in developing countries like Ethiopia
lead to an increasing demand for constructing infrastructure
by using concrete materials. The demand for cement, which
is one of the key components for concrete production, is
high in such countries; cement is the most expensive and
environmentally unfriendly material used in construction
industry to build complex apartments, bridges, and concrete
pavements [1]. Therefore, requirements for economical and
more environmental-friendly cementing materials have
extended interest in other cementing materials that can be

around constructing infrastructure. Historically, numerous
kinds of volcanic scoria have been effectively utilized in
dams and aqueducts, where the strength demand is not high
but the durability and thermal cracking control are of major
concern [2, 3].

The study by [4] reported that the compressive strength
of concrete incorporating powdered scoria is affected by
both the scoria rocks source and its replacement level.
Because of the different volcanic lava fields, powdered scoria
rock samples exhibit clear variations in morphology and
mineralogical compositions. According to [5], the final
setting time of the blended cement containing 15%, 25%, or
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35% natural pozzolans (volcanic scoria) increased sub-
stantially when compared with the reference Portland ce-
ment. The binders of 30% micro-volcanic scoria showed
higher durability, particularly after 28 days of curing, when
compared with the ones of zero volcanic scoria content. As
per this study, the optimum content of micro-volcanic scoria
is recommended not to be more than 30% [6]. According to
Celik et al. [7], the use of 30% natural pozzolans, 15%
limestone, and 55% OPC mix produces a low-cost and
ecofriendly concrete that does not bear calcining of natural
pozzolans or limestone with OPC and would reduce CO,
emissions 48% compared with the 100% OPC control mix
while providing higher ultimate strength and resistance to
chloride penetration. Scoria can be used up to 12% as
a partial substitute for Portland cement in the production of
blended cement; this additional ratio could provide eco-
nomic and environmental benefits due to reduced clinker
consumption and lowered CO, emissions from cement
production [8]. In all, the incorporation of natural pozzo-
lanic material in concrete has insignificant effects on the
properties of fresh concrete, namely initial slump, setting
times, and slump loss [9].

One of the strategies in green concrete production is the
utilization of locally available and environmentally friendly
materials [2, 10]. Ground granulated blast furnace slag, fly
ash, silica fume, pumice, scoria, and other materials con-
taining pozzolanic characteristics have been effectively
utilized to reduce the negative environmental consequences
of the cement industry [3, 11-13]. Currently, the critical
view of global warming efforts is to reduce the emission of
CO, to the environment. Cement industry was the major
contributor to the emission of carbon dioxides to the en-
vironment as well as using up high levels of energy resources
in the production of the cement industry. Therefore, by
replacing cement with a material of pozzolanic character-
istics, such as coal ash (fly ash), volcanic scoria, eggshell,
marble dust, coconut shell, saw dust ash, rice husk ash, and
sugar cane bagasse ash, the cement and the concrete industry
together can meet the growing demand in the construction
industry as well as help in reducing the environmental
pollution investigated by researchers [14-17]. There was
a huge availability of volcanic scoria in lots of countries, but
its low value and the pressure towards greater sustainable
construction have ended in renewed interest in volcanic
scoria as natural pozzolan for concrete. The use of locally
available cementing alternatives to produce green concrete
has the advantage of the cost of concrete production in
construction [17-23]. Natural volcanic scoria materials have
been investigated in some parts of the world for their po-
tential use as binding alternatives, fine aggregates, and coarse
aggregates, and had been found to enhance some of the
engineering properties of paste, mortar, and concrete. As
reported by many authors, supplementary cementing ma-
terial such as volcanic scoria has a beneficial influence on the
compressive strength of concrete [24, 25]. In the case of
environmental pollution, the incremental cost of cement,
high amount of energy, and raw materials consumption,
some researchers tried to find alternative resources which
are available in the local environment to reduce the problem.
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The use of binders containing volcanic scoria and other
pozzolans as cement substitutes can lead to the effective use
of natural resources, saving energy consumption, and re-
duction in CO, emissions [8, 26, 27]. So, to reduce envi-
ronmental pollution, high amount of energy consumption,
raw material consumption during the production of cement,
and to reduce the incremental cost of cement, natural
volcanic scoria would be a good alternative material as
a partial replacement for cement [17].

The utilization of volcanic scoria and other alternative
cementitious materials is gaining huge interest from various
researchers, due to the promising results. The significance of
this study is to encourage countries like Ethiopia having
sample sources of volcanic scoria to investigate their implicit
use as cement replacement and therefore make ecofriendly
concrete. Still, studies on the potential utilization of volcanic
scoria as a cementitious material for green concrete pro-
duction have not been exorbitantly reported. Moreover,
specialized information on the Ethiopian volcanic scoria as
a cement replacement is scarce, and this paper might be
particularly interesting for the regions where volcanic scoria
is abundant. Thus, this study focuses on evaluating the fresh
and mechanical properties of concrete made with volcanic
scoria powder as a partial replacement for cement.

2. Materials and Methods

2.1. Materials. The raw materials that were utilized in this
study include cement, river sand, coarse aggregate (crushed
stone), volcanic scoria, and potable water. The cement
utilized is ordinary Portland cement (OPC42.5R) fulfilling
the requirements of ASTM C 150 [28] standard specifica-
tions. The crushed stone with a nominal maximum size of
20 mm was used in the study. The experimental test shows
that the coarse aggregate has a water absorption capacity of
0.54% and a specific gravity of 2.73. Tablel shows the
summarized physical properties of coarse aggregate used in
this study. The particle size distribution curve for coarse
aggregate and the limits as per ASTM C33 [29] is shown in
Figure 1. The fine aggregate used was natural river sand
which was obtained from the Gambella region (Dima
source), Ethiopia. The sand used had a specific gravity of
2.62, a fineness modulus of 2.50, and a water absorption rate
of 1.03%. The particle size distribution curve for the sand
and the limits set in ASTM C 33 are also shown in Figure 1.
The chemical, physical, and mechanical properties of the
cement used are given in Table 2. The potable tape water was
used for the preparation of all concrete specimens. Scoria
used in this investigation was obtained from the quarry site
around Adama town, which is located in the eastern part of
Ethiopia at a distance of approximately 100km from the
Capital Addis Ababa. The grain size distribution of scoria
obtained consists of various sizes mostly ranging from
0.15mm to 38 mm.

2.1.1. Preparation of Scoria Powder. Hence, as shown in
Figure 2(a), the aim of this study is to use scoria as a sup-
plementary cementitious material; it was ground by an
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TaBLE 1: Summary of physical properties of aggregates used.

. . Coarse

It. no. Description Fine aggregate aggregate
1 Specific gravity, (SSD) 2.62 2.73
2 Fineness modulus 2.50 7.04

. . 3, Loose 1490 1506
3 Unitweight, (kg/m") pded 1640 1670
4 Silt content, (%) 1.25 —
5 Water absorption capacity, 1.03 0.54

(%)

6 Moisture content, (%) 1.40 0.48
7 Nominal maximum size of 475 20

aggregate, (mm)

100 +

80
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Percentage passing (%)
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y
ol : : : :
0.00 4.75 9.50 14.25 19.00 23.75

Sieve sizes (mm)

—=— ASTM Minimum —»— ASTM Minimum
—e— Sample CA

—a— ASTM Maximum

—o— Sample sand
ASTM Maximum

FIGURE 1: Particle size distribution curve of sand and coarse ag-
gregate (CA).

abrasion machine to have approximately 90% of particles
passing through a 75-ym sieve, as shown in Figure 2(b).
In order to make sure that a fineness level comparable to
Portland cement is obtained, a trial procedure was
conducted to reach a satisfactory level of fineness. After
each trial, with a specified revolution, the specific surface
area of the sample was determined using the air per-
meability method, specifically by using the Blain test
apparatus.

2.2. Mixture Proportioning. In this study, the ACI 211.1
method of concrete mix design was used as a design
guideline to prepare concrete mixtures [30]. A reference
mixture was designed to achieve a minimum compressive
strength of 25MPa at 28days. Scoria-based concrete
mixtures were prepared with scoria contents of 10, 20, 30,
and 40% by weight of cement. The water-to-cement ratio
for all mixtures was kept constant (w/cm =0.52) to see the
effect of using scoria as a supplementary cementitious
material on the properties of concrete. The proportions of
concrete constituents used per cubic meter are presented
in Table 3.

2.3. Sample Preparation. Concrete mixing procedures were
prepared following the ASTM C 192 specification steps [31].
Five groups of concrete mixtures were prepared based on the
partial replacement of scoria powder for cement. The
specimens prepared include a total of 60 cubes of 150 mm
dimensions. Twelve specimens were cast for each mix, and
the mean compressive strength of three specimens was
reported for each test age. Batching of cement, aggregates,
and water became accomplished through the weighing
method. A pan-kind mixer with the most output potential of
125 L was used to supply the concrete mixtures. The concrete
mixtures were cast in cubic molds in three layers, and each
layer was consolidated manually 25 times by means of
a tamping rod of 16 mm in diameter and 600 mm long. The
concrete specimens were removed from their moulds
24 hours after casting, and they were immersed in water until
the moment of testing [31].

2.4. Test Methods

2.4.1. XRD and SEM Analysis. The chemical analysis of the
volcanic scoria used in this investigation was studied in the
Geological Survey of Ethiopia and is summarized in Table 4
based on the analytical method. The mineralogy and mi-
crostructure of scoria were analyzed using X-ray diffraction
(XRD) equipment with C,-radiation of (wave-
length =1.54 A) at40K.V.,, 35 m.A., and a scanning speed of
0.02°/sec. The reflection peaks between 26 =2" and 60°, and
corresponding spacing (dA) and relative intensities (peak
areas) were obtained. In XRD analysis, around the sample
scoria powder, the detector position is recorded as the angle
2theta (20)-. The detector records the number of X-rays
observed at each angle 20. The X-ray intensity is usually
recorded as “counts” or as “counts per second.” Scanning
electron microscope (SEM) images of scoria were analyzed
at two magnification levels: at low magnification (Fig-
ure3(a)) and at high magnification (Figure 3(b)).

2.4.2. Workability. The slump cone test method was adopted
for the determination of the workability of fresh concrete as per
ASTM C143 [32]. As specified in ASTM C 143, the cone was
filled in three layers of approximately equal volume, and each
layer was consolidated by rodding 25 times with a smooth,
straight steel tamping rod of diameter 16 mm. After the top
layer has been rodded, the surface of the concrete was struck off
by means of screeding and rolling motion of the tamping rod.
The cone was immediately removed from the concrete by
raising it carefully in a vertical direction. Then, the slump was
measured by determining the vertical difference between the
top of the cone and the displaced original center of the top
surface of the specimen [32]. The slump values for each scoria
replacement are indicated in Table 5.

2.4.3. Density (Unit Weight). The unit weight of fresh
concrete with various scoria replacement levels was de-
termined according to ASTM C138 [33]. For the de-
termination of the fresh density of concrete, the mass and
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TaBLE 2: Chemical and physical properties of cement used.

Chemical composition of oxides

Physical properties

Oxides Mean value Description Mean value
SiO, (%) 20.65 Residue (%) on 45 um 10.50
AL O3 (%) 4.96 Standard consistency 28.5
V)
E)ZZ(()) 3(ty(0 f’) 633;9028 Setting time (minutes) 11322 ;(5)
MgO (%) 1.42 1 day 11.02
SO; (%) 2.11 Compressive strength (MPa) 3 days 17.40
LOI 0.82 28 days 42.63

FIGURE 2: Scoria: (a) before grinding; (b) scoria powder.

TaBLE 3: Proportions of concrete ingredients per cubic meter (kg/m?).

Constituents Cement Water Sand Coarse aggregate

Amount (kg/m”) 370 192.4 733 1095
TaBLE 4: The chemical composition of scoria used.

Chemical . i

composition SlOz A1203 Fe203 CaO MgO Na20 MnO P205 TIOZ H20 LOI

Content (%) 53.84 15.02 10.89 11.25 2.61 0.17 0.16 0.86 0.62 0.84

volume of the measure have first been measured. Then, the
mass of the measure with the specimen is measured. The net
mass of the concrete was calculated by subtracting the mass
of the measure from the mass of the measure filled with
concrete. The density of concrete is calculated by dividing
the net mass of concrete by the volume of the measure [33].
The results of the density of fresh concrete for each scoria
replacement rate are presented in Table 5.

2.4.4. Compressive Strength. The compressive strength of
specimens was carried out in accordance with ASTM C39.
The compression machine used in this study was an auto-
matic compression testing machine which has a loading
capacity of 2000 kN. Loading of specimens was applied at
a constant loading rate between 0.2 and 0.4 MPa/sec until the
failure. The specimens were tested after the ages of 7, 28, 56,
and 90 days.
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FIGURE 3: SEM images of the scoria sample at different magnification sizes.

TaBLE 5: Unit weight and slump value of fresh concrete.

Scoria content

Density reduction

Slump value Slump reduction

Mix ID %) Density (kg/m’) (%) (mm) (%)
SP-0 0 2420 — 34 -
SP-10 10 2375 1.9 32 6

SP-20 20 2358 2.6 26 24
SP-30 30 2334 3.6 18 47
SP-40 40 2317 43 14 59

2.5. Mix Designations. The following are the details of de-
scriptions and designations of the concrete mixtures studied
as shown in Table 6.

3. Results and Discussion

3.1. Chemical Composition of Scoria. The chemical compo-
sition carried out on scoria is shown in Table 4 and Figure 4.
The results of the chemical analysis indicate that SiO, Al,Os,
CaO, and Fe,0; constitute their major components. As it
can be seen from Table 4, the major constituents of scoria are
SiO, + Al,O3 + Fe;03=79.75% > 70%. Scoria can be con-
sidered as a suitable pozzolanic material for use as sup-
plementary cementitious materials in green concrete
production. Hence, it fulfilled the specification requirements
for natural pozzolanic materials. According to ASTM C 618
specifications, the scoria powder is fulfilling the re-
quirements of pozzolanic materials. In addition, the physical
and mechanical properties of scoria are also fulfilling the
requirements of ASTM C618 [34].

The XRD pattern of scoria is given in Figure 4. As
expected, scoria is an amorphous rock. As indicated in

XRD data (Figure 4), scoria consists mainly of volcanic
materials of amorphous structure, with the basic
composition of relatively high quartz (SiO,) and low
Fe,O; contents. The main oxide content of Portland
cement is CaO (63.08%); however, scoria also has CaO
(11.25%).

3.2. SEM Images of Scoria. The result obtained from SEM
views of the used raw material in this investigation is shown
in Figure 3. The scoria particles, as when observed with an
SEM image, look like a square and diamond in nature and it
is also similar to the particles of ordinary Portland cement
(OPC). The OPC appears to have a box and stone-shaped
particles as observed by the SEM instrument [20]. The scoria
particles shown by SEM are close to spherical particles with
a minor number of pedospheres and an irregular mor-
phology or shaped porous a cellular-structure (amorphous
structure). After grinding scoria, the porous structures were
crushed and broken down into smaller fractions leading to
an increase in surface area and it improved the fineness of
the particles.
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TABLE 6: Mix designations.

Designation Description

SP-0 Portland cement concrete produced with 0% replacement of scoria powder
SP-10 Portland cement concrete was produced with 10% replacement of scoria powder
SP-20 Portland cement concrete was produced with 20% replacement of scoria powder
SP-30 Portland cement concrete was produced with 30% replacement of scoria powder
SP-40 Portland cement concrete was produced with 40% replacement of scoria powder

1750 — Q
1500 —
Q: Quartz
1 A : Anorthite
1250 — H: Lime
. b M: Hornblende
=)
< 1000 A
oy |
g 750 - H
S
500 — M
250 —
0 " f " f f " f " f " !
10 20 30 40 50 60 70

2-Theta (Degree)

FiGUure 4: XRD patterns of scoria powder.

3.3. Setting Times of the Blended Paste. The setting time test
was conducted on blended pastes containing scoria re-
placements of 0%, 10%, 20%, 30%, and 40% by weight of
cement. The setting times of blended paste containing dif-
ferent replacements of scoria powder are shown in Table 7
and Figure 5. It can be seen from the table that the setting
time of the blended paste increases as the percentage of
scoria powder increases due to the slow hydration reaction
of the scoria-based binder system. The results of this study
indicated that the setting time of blended paste was delayed
due to the partial replacement of cement with scoria;
however, this retardation was within the limits specified by
the Ethiopian standard, ASTM standard, and other related
standards.

3.4. Density of Fresh Concrete. As it can be seen in Table 5,
the unit weight of fresh concrete shows a slight reduction as
the percentage of scoria increases. The unit weight of fresh
concrete up to 3.6% reduction was observed when 30% of
cement was replaced by scoria powder. Furthermore, 40%
replacement of cement by scoria reduces the unit weight of
fresh concrete by 4.3%. The slight reduction in the unit
weight of fresh concrete is due to the lightweight nature of
the scoria material.

TaBLE 7: Setting times of blended pastes at various scoria powder
content.

Mixture ID SP-0 SP-10 SP-20 SP-30 SP-40

Initial setting time, (min) 158 186 205 231 250
Final setting time, (min) 235 283 315 338 354

3.5. Effect of Scoria Content on Workability. The trend of
a slump for mixtures having different contents of scoria is
presented in Table 5 and Figure 6. As the content of scoria
powder increased, the slump values decreased with the w/c
ratio kept constant. As indicated in Figure 7, the control mix
shows a higher slump when compared with all other scoria-
replaced mixes. When the content of scoria powder increases
from 0 to 30%, the slump was decreased by 47% (14 mm). At
a 30% replacement rate of scoria, there is a significant re-
duction of a slump by 59% (20 mm) due to the significant
increment of water demand at this replacement level. Al-
though the workability of concrete is decreased as the
content of scoria is increased, up to the replacement level of
20%, the slump value is within the specified limit, which is
25--75mm. In general, an increase in the content of scoria
powder reduces the slump of freshly mixed concrete. A
similar result was also observed by Chambua et al. [35],
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FIGURE 5: Graph of setting time versus scoria content.

Mboya et al. [14], and [36]. The reason for this is that there is
a high-water demand due to an increase in the contents of
scoria powder. The reason behind this may also be the high
concentration of SiO, (in Scoria SiO, =53.84% and in ce-
ment Si0,=20.65%) in scoria powder increases the water
requirement of the mixture. This argument is also revealed
by some studies [3, 35, 37].

3.6. Compressive Strength of Concrete. Table 8 shows the
compressive strength results after 7-, 28-, 56-, and 90-day
curing time. The results of compressive strength develop-
ment for all concrete mixes containing different amounts of
scoria powder are given in Figure 8. As expected, all concrete
mixes show an increase in compressive strength with curing
time. Concrete specimens containing scoria powder have
lower compressive strengths at any curing time compared to
reference concrete specimens. However, the compressive
strength results of 10% scoria blended concrete exceeded
that of control specimens after 56- and 90-day curing. A
similar trend was obtained in [35, 38, 39] where strength
improved by using 10% of SCMs in concrete. This could be
due to the progress of slow pozzolanic reaction with age in
scoria-replaced concrete specimens [15]. Also, it is seen that
the compressive strength of scoria powder replaced concrete
specimens decreases as the scoria powder content increases
for all replacements except 10%.

Concrete specimens made with 10%, 20%, and 30%
partial replacement of cement with scoria achieved the
specified minimum strength (>25MPa) after 28 days of
curing time. But concrete specimens made with 40% scoria
content do not satisfy the minimum specified concrete
strength even after 90 days (24 MPa < 25 MPa). This ascer-
tainment is due to a continuation of slow pozzolanic re-
action and the formation of secondary C-S-H; a greater
degree of hydration was achieved resulting in strength
improvements after 56 and 90 days [15, 27, 40]. Therefore,
volcanic scoria can substitute Portland cement up to

35 -
- \
-

20
15- \

10 T T T T T
0 10 20 30 40

Scoria content (%)

Slump value (mm)

—=— Workability of concrete

FIGURE 6: Graph of slump versus scoria content.
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FIGURE 7: Stress-strain curve for 7 days compressive strength
results.

replacement levels of 30% by weight basis with a slight effect
on workability and compressive strength. The best re-
placement level for a higher amount of compressive strength
is at 10% and other replacement levels such as 20% and 30%
are also possible but such contents require more curing time
to achieve the specified strength (56 and 90) days. The
optimum replacement level of volcanic scoria in the past
agrees with the findings of this study for concrete [7].
Moreover, to easily understand the difference, the result is
shown graphically in Figure 8.
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TaBLE 8: Mean compressive strength results (MPa) with different scoria content.

: Curing age (days
Mix ID Scoria povx;der content, uring age (days)
(%) 7 28 56 90
SP-0 0 31.42 42.76 43.28 43.67
SP-10 10 30.80 39.04 44.37 49.00
SP-20 20 22.18 29.60 35.89 37.27
SP-30 30 19.87 27.75 28.55 30.22
SP-40 40 14.25 21.02 23.21 24.00
50
45
=
[aW
E 40 +
% g
2 35
2 30
Z ]
g 25 -
Q
8 ]
20
15
T T T T T
7 28 56 90
curing age (days)
—=— SO —¥— S30
—e— S10 —o— S40
—a— S20

FiGure 8: Compressive strength of concrete specimens versus time.
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FIGURE 9: Stress-strain curve for 28 days compressive strength results.
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FIGURE 10: Stress-strain curve for 56 days compressive strength results.
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FIGURE 11: Stress-strain curve for 90 days compressive strength results.

3.7. Stress-Strain Relationships. The average engineering
stress and strains are calculated for all mixes and shown in
Figures 7, 9-11. The stress-strain curve is drawn by
selecting a better graph from each mix and sample for
comparison with the control. It can be seen that the strain
values gradually decreased as the percentage of scoria
powder increased. In this study, the peak strain of scoria-
replaced concrete was found to be lower than that of
conventional concrete. Hence, the replacement rate of
scoria powder showed an obvious impact on the stress-
strain relations of concrete. From the figure of stress-strain
results, scoria powder replaced concrete varied due to
scoria powder content. From the curve, for all mixes, the
compressive stress and the corresponding strain are

directly proportional to some extent. This shows the elastic
range of concrete. Once the ultimate load is reached, the
load-carrying capacity (ductile properties of concrete) is
changed for each mix based on the percentage variation of
scoria powder. The peak stress and slope of the ascending
part of the curve declined with the increase of the re-
placement rate of scoria powder, which conformed to
findings from other researchers [41-43]. Furthermore, as
the replacement rate increased, peak stress increased, and
both the ascending and descending part of the stress—-
strain curves became steeper to some extent. Therefore, it
could be concluded that volcanic scoria has a similar be-
havior to that of Portland cement concrete under com-
pression stress.
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4. Conclusions

Based on the current experimental investigation, the find-
ings can be concluded as follows:

(i) The results of the chemical analysis indicate that
SiO,, AL,O3, CaO, and Fe,0; constitute their major
components. The studied scoria can be used as
a partial replacement for cement. Hence, the main
oxide contents
(SiO 5+ AL O3 + Fe,05=79.75 > 70%) are within the
range prescribed by ASTM C618.

(ii) The utilization of scoria powder in concrete has
a significant effect on the fresh concrete properties
such as setting time, slump value, and unit weight.
As the content of scoria is increased, the slump
values were decreased with the w/c ratio kept
constant. At a 30% replacement rate of scoria, there
is a significant reduction of a slump by 59% (20 mm)
due to the significant increment of water demand at
this replacement level.

(iii) Concrete specimens containing scoria powder have
lower compressive strengths at any curing time
compared to reference concrete specimens. How-
ever, the incorporation of 10% scoria significantly
increased the compressive strength of concrete
specimens after 56 and 90 days (i.e., 44.37 MPa and
49.00 MPa, respectively).

(iv) Based on the investigation, scoria powder is suitable
for use in concrete as supplementary cementitious
material and the use of this type of material in
concrete helps the strategy of green concrete
production.

(v) Therefore, based on this investigation scoria is
suitable to use to produce concrete as a partial
replacement for cement. Its local availability is
crucial to be used as an alternative construction
material that helps to save cost and energy during
production, as well as protects against the emission
of carbon dioxides to the environment. Thus, this
satisfies the basic strategy of green concrete pro-
duction in worldwide.
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