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Abstract
Sand is used more than any other natural resources except water and air, However, it’s extracted at a rate far greater than 
it’s renewal. The availability of sand in the growing demand of the construction industry will be a challenge due to a 
wide range of variability, cost, and, quality problems. This study aims to investigate normal strength concrete by partially 
replacing sand with marble waste and scoria. Experimental investigations were conducted to study the chemical, physical, 
mechanical and fresh property of concrete containing marble waste and scoria. Marble: scoria ratios of 2:1, 1:1, and 1:2 
was used and then the combined fraction of both marble waste and scoria in concrete was increased from 33 to 67 and 
100%. Chemical analyses of the marble waste show that it is mainly composed of CaO and SiO2, whereas scoria is com-
posed of SiO2, Al2O3, Fe2O3, CaO, and MgO. Concrete containing marble waste and scoria as a sand replacement shows 
better compressive strength than the conventional concrete but the workability and compressive strength decrease with 
an increase in the content of marble waste and scoria. Cost analyses indicate that concrete containing marble waste and 
scoria can save up to 4.5% of the total cost of concrete with weight reduction up to 5% and the optimum replacement 
level is 22.5% marble waste and 44.5% scoria.
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1  Introduction

Global production of concrete is about 12 billion tons a 
year corresponding to almost 1 m3 per person per year 
making it one of the largest users of natural resources 
in the world [1]. It is predicted that concrete usage will 
increase to more than 7.5 billion m3 (about 18 billion tons) 
a year by 2025 [2].

Recently, the increasing consumption of concrete by 
the construction industry has led to the rapid depletion 
of natural sand and good quality of sand is not readily 
available in most areas of Ethiopia [3]. It must be trans-
ported a long distance or contractors use whatever sand is 
available, which might not meet the necessary standards. 

Therefore, it is necessary to find a locally abundant supply 
of natural material or industrial wastes as a substitute. On 
the other hand, a significant amount of waste is generated 
with an increase in production, and this waste negatively 
affects the environment [4]. Hence, instead of producing 
aggregates and minerals from virgin sources, it is more 
than appropriate to use waste by-products from industries 
and locally abundant natural materials.

Marble is one of the largest produced natural stones 
in the world and it accounts for 50% of the world’s natu-
ral stone production [5]. The production of marble waste 
is estimated at around 3 million tons annually. Marble 
production generates 20–30% waste or more because of 
its irregular shape, smaller in size, cutting, and polishing 
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process depending upon type, quarrying, and process-
ing method implemented. The waste may be as high as 
60% [6]. The marble industry contributed to so many 
environmental issues due to marble waste production 
in the process of mining and sawing. Thus, the usage of 
waste marble in concrete production may be an impor-
tant step toward sustainable development [7, 8].

Ethiopia is the 4th leading producer of pumice and 
scoria aggregate in the world following Italy, Chile, and 
Ecuador [9]. Scoria is abundantly found especially in the 
main ethiopian rift valley (MER) and around Bahir Dar, 
however, it’s used is limited to a base course in road con-
struction and production of hollow concrete blocks [10]. 
This is due to the lack of confidence in using the mate-
rial in concrete for structural purposes [11]. However, 
these locally available materials have not been tested 
and approved for use widely in the Ethiopian construc-
tion industry.

Previous researchers conducted a variety of studies 
on marble waste and scoria as substitutions for cement, 
coarse aggregate, and fine aggregate individually, but no 
research has been done by combining both marble waste 
and scoria. Scoria is known to reduce workability, because 
of its porosity. Marble waste meanwhile has less of water 
demand (especially up to 75% replacement), so by com-
bining the two the reliance on conventional coarse and 
fine aggregate can be reduced, while reducing the self-
weight of the concrete (from the scoria), without increas-
ing water demand too greatly (by using marble waste).

This research is undertaken to investigate the work-
ability, strength, and cost of normal strength concrete by 
partially replacing sand with marble waste and scoria. In 
this study, the chemical characteristics of marble waste 
and scoria, the result of an experimental investigation of 
strength, and the workability of concrete containing mar-
ble waste and scoria are presented.

2 � Materials and methods

2.1 � Materials

All materials used in the investigation were extracted from 
quarries near Bahir Dar, Ethiopia. The cement used is an 
ordinary portland cement (OPC) with a grade of 42.5R 
from Dangote Cement Factory and potable tap water 
was employed for all mixes. The marble waste (Fig. 1) was 
taken from a factory in which, the raw materials come from 
Mamkush, Ethiopia which is located 350 km away from 
the factory. After all, the jaw crusher has crushed the mar-
ble waste scrap to fulfill the ASTM C 136 gradation of fine 
aggregate.

2.1.1 � Sand

Rocks are naturally occurring crystalline, cemented, or con-
solidated materials that form the immediate crust. They 
are subdivided into types according to mineralogical, 
petrological, and physical characteristics [12]. Almost all-
natural aggregate materials originate from bedrocks. There 
are three kinds of bedrocks namely; igneous, sedimentary, 
and metamorphic [13].

Sand is a naturally occurring granular material com-
posed of finely divided rock and mineral particles. It is 
defined by size, being finer than gravel and coarser than 
silt. Sand can also refer to a textural class of soil or soil 
type; i.e., a soil containing more than 85% sand-sized par-
ticles (by mass) [14]. Sand develops naturally by weather-
ing particles of rocks resulting in various grades and sizes 
depending upon the amount of wearing [15]. Fine aggre-
gates generally consist of natural sand or crushed stone 
with most particles smaller than 5 mm (0.2 in.) [16], the 
lower size limit of about 0.07 mm, or a little less [17].

The most common component of sand is quartz. Quartz 
is a mineral that is abundant, hard, nearly insoluble in 
water, and resistant to chemical decay. Other sands are 
made of silicates such as feldspar. The quartz sands usually 
contain a small quantity of feldspar and white mica. Yellow, 
brown, and red sands contain iron compounds [18].

2.1.1.1  Impacts of natural sand mining  Mineral aggregates 
are the most mined materials in the world with extraction 
sites located near virtually every city and town. it’s esti-
mated that between 32 and 50 billion tons of aggregates 
(sand and gravel) are extracted each year globally [19].

Sand mining is a direct cause of erosion and also 
impacts the local wildlife. Disturbance of underwater 

Fig. 1   Marble scrap and its accumulation at the factory



Vol.:(0123456789)

SN Applied Sciences (2020) 2:1938 | https://doi.org/10.1007/s42452-020-03716-9	 Research Article

and coastal sand causes turbidity in the water, which is 
harmful to such organisms as corals that need sunlight. It 
also destroys fisheries, causing problems for people who 
rely on fishing for their livelihoods. Excessive instream 
sand-and-gravel mining causes the degradation of rivers. 
In-stream mining lowers the stream bottom, which may 
lead to bank erosion. Depletion of sand in the streambed 
and along coastal areas causes the deepening of rivers and 
estuaries, and the enlargement of river mouths and coastal 
inlets [20].

In-stream sand mining results in the destruction of 
aquatic and riparian habitat through large changes in the 
channel morphology. Impacts include bed degradation, 
bed coarsening, lowered water tables near the streambed, 
and channel instability. It is also a threat to bridges, river-
banks, and nearby structures [21].

2.1.1.2  Property of sand  According to ASTM C33, aggre-
gates that are less than 4.75  mm are designated as fine 
aggregate. For this study, locally available well-graded 
river sand free from deleterious materials used as a fine 
aggregate. Various tests were performed to investigate 
the quality of the fine aggregate as per the ASTM stand-
ard. Figure 2 shows the gradation of sand.

The sand used for the study has the following 
properties.

Fineness modulus 2.63
Unit weight 1685 kg m3

Specific gravity 2.61
Absorption 4%
Free moisture content 3.5%
Silt content 2.6%

2.1.2 � Marble

As per ASTM, standard C294-05 Marble is defined as a 
recrystallized medium-to coarse-grained carbonate rock 
composed of calcite or dolomite, or calcite and dolomite. 
The original impurities are present in the form of new min-
erals, such as micas, amphiboles, pyroxenes, and graphite. 
Chemically, marble is a crystalline rock composed pre-
dominantly of calcite, dolomite, or serpentine minerals. 
The other mineral constituents vary from origin to origin. 
Quartz, muscovite, tremolite, actinolite, micro line, chert, 
talc, garnet, osterite, and biotite are the major mineral 
impurities whereas SiO2, limonite, Fe2O3, Mn, and FeS2 are 
the major chemical impurities associated with marble [22].

2.1.2.1  Impact of  marble waste on  the  environment  The 
marble industry produces a large amount of waste during 
mining and processing stages. This waste is dumped on 
open land, which creates a lot of environmental as well as 
health problems.

The following environmental damage might occur. The 
porosity and permeability of topsoil are reduced tremen-
dously, the fine marble particles with high pH reduce the 
fertility of the soil, causing air pollution, corrode nearby 
machinery, depletes natural resources in terms of waste-
water, marble, small pieces of marble, erosion of top fer-
tile soil cover, contamination of the rivers and other water, 
vibrations and noise effects which, associated with quarry 
operations of drilling and blasting [23].

2.1.2.2  Property of  crushed marble waste  Similar proce-
dures with sand were followed to determine the physical 
properties of marble waste since marble waste catego-
rized under normal weight aggregate based on its density 
(1670  kg/m3 which ranges between 1280 and 1920  kg/
m3) and the marble scrap crushed into fines to fulfill the 
ASTM fine aggregate requirement. Figure  3 shows the 
gradation of crushed marble waste.

The marble waste used for the research has the follow-
ing properties.

Fineness modulus 2.72
Unit weight 1670 kg/m3

Specific gravity 2.72
Absorption 7.2%
Free moisture content 3.5%
Silt content 3.4%

2.1.3 � Scoria

As per ASTM, standard C294-05 scoria is defined as a dark-
colored coarsely vesicular type containing more or less 
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spherical bubbles, it is a volcanic glass of igneous rock 
composed of wholly of glasses are named based on their 
texture and internal structure. Scoria is a volcanic cinder, 
which generally has a rough surface and highly porous 
nature, with its pores chiefly in the form of vesicles instead 
of the more tube-like, interconnected pores of the pumice 
[11].

The chemical and Mineralogical composition of volcanic 
scoria varies widely and depends on its source. Owing to 
their formation process scoria, volcanic scoria consists of 
crystalline and non-crystalline particles as glassy particles 
[24]. Scoria is particularly rich in SiO2, Al2O3. It also con-
tains other oxides such as K2O, Na2O, Fe2O3, CaO, MgO, 
SO3, MnO, P2O5, H2O, FeO, etc. Physically, scoria (lapilli) 
ejected during basaltic eruptions vary considerably in its 
vesicularity, but densities are much greater than those 
pumice materials. Usually, the bulk unit weight of scoria 
is less than 1120 kg/m3. The high variability in vesicularity 
controls the engineering properties of basaltic scoria. This 
variability stems from inherent differences in vesicularity, 
which control porosity, water absorption, and strength. 
The material of lower vesicularity will generally be denser 
and stronger, and therefore potentially of greater use in 
engineering [25].

2.1.3.1  Property of  scoria  The scoria aggregate (Fig.  4) 
obtained from the quarry didn’t meet the code of require-
ments. As a result, it is blended to satisfy the ASTM C330 
code of requirements. 10% and 13% of the sample mass 
with 1.18  mm and 0.3  mm fine scoria aggregates were 
added during scoria blending respectively and meet the 
requirement of ASTM standard as shown in Fig. 5.

The scoria used for the research has the following 
properties.

Fineness modulus 2.91
Unit weight 1005 kg/m3

Specific gravity 1.86
Absorption 7.2%
Free moisture content 3.5%
Silt Content
Not presoaked before a mix

3.4%

2.1.4 � Property of coarse aggregate

The strength of concrete depends mainly on the qual-
ity of the aggregates used. Well-graded crushed basaltic 
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Fig. 4   Scoria aggregates
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stone coarse aggregate was used and washed to make it 
free from dust and deleterious materials, which meet the 
requirements of ASTM standards. Figure 6 shows the gra-
dation of coarse aggregate.

The coarse aggregate used for the study has the follow-
ing properties.

Maximum size 25 mm
Unit weight 1495 kg/m3

Specific gravity 2.84
Absorption 0.53%
Free moisture content 0.77%

2.1.5 � Mix design

Concrete having a compressive strength of 25 MPa was 
used to perform the investigation. All concrete mixes 
were prepared as per ACI 211.1-91. A total of 10 series of 
concrete mix (Table 1) presents the reference concrete 
proportion) prepared for a constant water-cement ratio 
of 0.49 and slump range between 75 and 100 mm (Rec-
ommended and used by, [9] for scoria since, it has greater 
absorption capacity than other fine aggregates due to its 
porosity and also used by, [26] for marble waste).

2.2 � Methods

The research was conducted at Bahir Dar University, Bahir 
Dar Institute of Technology (BIT) in a construction mate-
rial laboratory. Concrete having a compressive strength 
of 25 MPa was used. The materials used in the investiga-
tion were described concerning their source and physi-
cal properties but for marble waste and scoria, chemical 
analysis was conducted at the Ethiopian geological survey 
laboratory. The proportions of cement, water, and coarse 
aggregate were held constant in all the test mixes while 
the amount of scoria, marble, and fine aggregate was vari-
able. A total of 90 (150 mm × 150 mm × 150 mm) concrete 
cubes and 9 specimens for each series of the mix were 
cast and tested for compressive strength test at 3, 7, and 
28 days based on BS 1881-116 standard. A slump test was 
conducted for each mix as per ASTM C 143 to measure and 
determine the workability of the mix.

The type and method of test for coarse and fine aggre-
gates are as per ASTM standards as they are presented in 
Table 2.

2.2.1 � Formulation of the combination method

There are 10 different sets of mixes including the con-
trol mix (Table 3) used for investigations with a constant 
water-cement ratio of 0.49 and slump range between 75 
and 100 mm. Marble: scoria ratio of 2:1, 1:1, and 1:2 were 
used, and then the combined level of both marble waste 
and scoria increase from 33 to 67 to 100%.

Fig. 6   Grading of coarse aggregate

Table 1   Reference concrete 
mix proportions

Mix Per Cement (kg) Water (lit) Coarse 
aggregate 
(kg)

Sand (kg) Scoria (kg) Marble (kg)

Mix 1 m3 394 194.5 1032.5 798.5 0 0
Trial 14.4 7.1 37.7 29.2 0 0

Table 2   Tests on aggregate and test methods

Types of Test Test methods

Coarse aggre-
gate

Marble and sand Scoria

Moisture con-
tent

ASTM C 566 ASTM C 566 ASTM C 566

Gradation ASTM C 136 ASTM C 136 ASTM C 330
Unit weight ASTM C 29 ASTM C 29 ASTM C 29
Specific gravity 

and absorp-
tion

ASTM C 127 ASTM C 128 ASTM C 128

Silt content – ASTM C 117 ASTM C 117
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2.2.2 � Method of data analysis

The data analysis was made with a series of steps. The first 
step is the chemical properties of marble waste and scoria, 
which tested at the Ethiopian Geological Survey laboratory 
were discussed and analyzed. The second step is the analy-
sis of the test results of concrete, which is produced based 
on the conventional mix. The workability of fresh concrete 
and compressive strength of the hardened concrete analy-
sis is made on the control mix and concrete having marble 
waste and scoria based on their proportioning. The third 
step is the cost comparison analysis. As an analysis tool for 
compressive strength test on harden concrete, factorial 
two way ANOVA with R version 3.6.1 is used to determine 
the mix with a higher degree of significance and 0.05 con-
fidence level is used for the statistical analysis and finally 
the sand replacement rates at which marble waste and 
scoria can be effectively substituted into concrete produc-
tion from the series of mixes are determined.

2.2.3 � Concrete casting and cost comparison

All ingredients of concrete mixes are measured by weight 
according to their proportions. The concrete production 
was made using a pan mixer of 0.38 m3 capacity. Based 
on the proportioning coarse aggregate, sand, scoria, mar-
ble waste and cement are dry mixed for 2 min. After dry 
mixing, the specified quantity of water was then added, 
and the mixture subsequently mixed for another 4 min. 
To test the workability of concrete a slump test was made 
by slump cone and fed directly into the cube molds and 
compacted by vibration for slumps less than 75 mm and 
by tamping for slumps greater than 75 mm and demolded 
after 24 hr. of casting and immersed into curing tank.

The material cost of produced concrete per unit volume 
was calculated for each proportion of concrete containing 
marble waste and scoria based on the current base price 

of materials from the local market within the city and com-
pared with the cost of the reference or control mix.

3 � Results and discussion

3.1 � Chemical characterization of marble waste 
and scoria

The result of the chemical analysis of the marble waste 
and scoria sample are given in Table 4. The chemical analy-
sis indicates that the major oxide of marble waste is CaO 
and SiO2 along with major loss on ignition (LOI). The major 
oxides of scoria are SiO2, Al2O3, Fe2O3, CaO, and MgO. 
Depending on the primary oxide composition, marble 
waste is classified as calcareous aggregate since its primar-
ily composed of CaO whereas scoria is primarily composed 
of SiO2 and classified as siliceous aggregate. The presence 
of volcanic scoria leads to the disappearance of (calcium 
hydroxide) portlandite crystals and the appearance of 
the condensed type of C-S-H crystals due to the presence 
of CaO and SiO2. Condensed C-S–H fills the micropores, 
reduces the porosity, and consequently improves the 
impermeability and the compressive strength of con-
crete which is revealed by [24, 27]. Marble powder is a 
micro-fine filler; due to this filler effect, concrete strength 
is enhanced. The use of marble powder is more effective 
as a substitute for sand which is revealed by [28].

The presence of scoria improves the strength of con-
crete by creating condensed C-S-H gel with the presence 
of CaO and SiO2, whereas marble powder is microfine 
filler, by filler effect it improves the compressive strength 
of scoria according to those [24, 27, 28] researchers, 
which is done on marble waste and scoria individually as 

Table 3   Proportioning and test specimens

Description Sand (%) Marble waste 
(%)

Scoria (%)

Mix 1 100 0 0
Mix 2 67 11 22
Mix 3 67 16.5 16.5
Mix 4 67 22 11
Mix 5 33 22.5 44.5
Mix 6 33 33.5 33.5
Mix 7 33 44.5 22.5
Mix 8 0 33 67
Mix 9 0 50 50
Mix 10 0 67 33

Table 4   Chemical composition of marble waste and scoria

Parameters Tested samples

Marble waste (%) Scoria (%)

SiO2 7.84 54.36
Al2O3  < 0.01 16.27
Fe2O3 0.32 11.02
CaO 49.4 7.76
MgO 0.6 5.44
Na2O  < 0.01  < 0.01
K2O 0.4 1.6
MnO 0.04 0.16
P2O5  < 0.01 0.1
TiO2 0.03 0.62
H2O 0.28 0.72
LOI 40.23 1.78
SO3 0.6 0.89
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cement and sand replacement. Since CaO and SiO2 are 
major cement making oxides different studies shows that, 
replacing marble waste and scoria individually as cement 
improve the compressive strength due to the presence of 
those cement making oxides produce additional C-S-H gel 
but in this study since marble waste and scoria used as a 
sand and the methodology of using marble and scoria as 
sand and cement is different so, it requires more advanced 
microstructure investigation to determine the extent of 
the effect of marble waste and scoria on compressive 
strength.

3.2 � Workability and compressive strength

The summary of the slump and Average compressive 
strength test results are presented in Table 5. As shown 
on the table, the control mix shows better workability 
compared with all of the mixes. As the combined replace-
ment rate of sand with marble waste and scoria increase 
from 0 to 33% the slump decreased by 30% (15 mm) the 
reason behind is the increment of water demand due to 
the presence of marble waste and scoria. When the com-
bined replacement rate of sand with marble waste and 
scoria increases from 33 to 67% the slump decreased by 
6% (3 mm), since the replacement rate is significant the 
water content added to the concrete mix during adjust-
ment also increases, which balance the workability of the 
mix. At 100% combined replacement rate of sand with 
marble waste and scoria there is a significant reduction of 
a slump by 60% (30 mm) due to the significant increment 
of water demand at the full replacement of sand with mar-
ble waste and scoria This argument also revealed by [26] 
Moreover, to easily understand the difference, the result 
is shown graphically in Fig. 7.

The compressive strength test result in Table 5 shows 
that, all concrete mixes made with partial replacement 
of sand with marble waste and scoria improve the com-
pressive strength and achieved the target mean strength 

except the control mix. As the combined ratio of marble 
waste and scoria increase from 0 to 33% for equal replace-
ment ratio of marble waste and scoria, when the marble 
ratio is twice of the scoria and when the scoria ratio is 
twice of the marble the concrete strength increase by 
22.8% (9.15 MPa), 29.1% (12.7 MPa), and 11.2% (3.89 MPa) 
respectively when compared to the control mix since the 
presence of marble waste improve the concrete strength 
as it is also revealed by [26].

When the partial replacement of sand with marble 
waste and scoria increased from 33 to 67%, the concrete 
strength for all mix, improved by 27% (11.56 MPa), 28.7% 
(12.5 MPa), 24.3% (9.94 MPa) for the mix 5, mix 6 and mix 7 
respectively when compared to the control mix. At 100%, 
replacement of sand with marble waste, and scoria the 
strength is improved by 25% (10.3 Mpa), 25.4% (10.5 MPa), 
and 27.3% (11.67 MPa) for mix 8, mix 9 and mix 10 respec-
tively when compared to the control mix. However, the 
strength of concrete with a full replacement rate of sand 

Table 5   Slump and average 
compressive strength test 
result

Mixes Slump (mm) Average compressive strength test result

3rd Day (MPa) 7th Day (MPa) 28th Day (MPa)

Mix 1 (0M0S) 50 19.22 25.78 31.01
Mix 2 (11M22S) 35 21.3 26.92 34.9
Mix 3 (16.5M16.5S) 35 23.53 32.52 40.16
Mix 4 (22M11S) 40 26.38 36.8 43.73
Mix 5 (22.5M44.5S) 40 26.4 38.33 42.57
Mix 6 (33.5M33.5S) 35 27.3 35 43.5
Mix 7 (44.5M22.5S) 40 23.88 35.52 40.95
Mix 8 (33M67S) 20 29.32 35.77 41.31
Mix 9 (50M50S) 25 30.05 37 41.55
Mix 10 (67M33S) 20 28.74 36.63 42.68

Fig. 7   The slump test result
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with marble waste and scoria is reduced when compared 
to the partial replacement. Moreover, to easily understand 
the difference the result is shown graphically in Fig. 8.

3.3 � Statistical analysis

For this study, seven major hypotheses are made:
Null hypothesis (H0):

µ01 = Replacement of sand by marble waste doesn’t 
affect the compressive strength of concrete.
µ02 = Replacement of sand by scoria doesn’t affect the 
compressive strength of concrete.
µ03 = Age doesn’t affect the compressive strength of 
concrete.
µ04 = Replacement of sand by marble waste and scoria 
doesn’t affect the compressive strength of concrete.
µ05 = Age and replacement of sand by marble waste 
doesn’t affect the compressive strength of concrete.
µ06 = Age and replacement of sand by scoria doesn’t 
affect the compressive strength of concrete.
µ07 = Age and replacement of sand by marble waste 
and scoria doesn’t affect the compressive strength of 
concrete.

3.3.1 � Significant factors affecting the compressive strength 
of concrete

The main and interaction effect between the test subjects 
(dependent variable is compressive strength, whereas 
marble waste replacement rate, scoria replacement rate, 
and Age are independent variables) of the R test result is 
presented in Table 6. 

Based on Table 6 the main effects such as marble, sco-
ria, and age have a significant effect on the compressive 
strength of concrete since the p value is less than 0.05 for a 
95% confidence interval, therefore the null hypothesis µ01, 
µ02, and µ03 are rejected. The interaction effect is not sig-
nificant except the combined replacement rate of marble 
waste and scoria, which is 0.00382 less than 0.05, therefore 
null hypothesis µ04 is rejected whereas, the decision is not 
rejecting null hypothesis µ05, µ06, and µ07 since the p value 
is greater than 0.05.

3.4 � Cost analysis

The cost comparison only considers the cost of mate-
rial and transportation other costs such as labor cost, 
equipment cost, profit, maintenance, and overhead costs 
assumed to be the same. The effect of replacement of 
sand by marble waste and scoria on the cost of concrete, 
which is expressed by cost per cubic meter of concrete, is 
assessed based on the material prices collected from most 
common sources and suppliers.

The partial replacement of sand with marble waste and 
scoria can save the cost of concrete up to 4.5% when com-
pared to the control mix. According to the cost analysis as 
the percentage replacement rate of marble waste increase, 
the cost also increases the reason behind is the abundance 
of marble is low around Bahir Dar, Ethiopia and there is 
only one marble factory in Bahir Dar which, raise the cost 
of marble waste. However, scoria is highly abundant in and 
around Bahir Dar and its cost is five times lower than that 
of sand. Moreover, to easily understand the difference the 
result is shown graphically in Fig. 9.

3.5 � Qualitative optimization of replacement 
of sand with marble waste and scoria

The basic merit of good mix design is to produce con-
crete that satisfies the three basic requirements, which 
are; workability, strength, and cost. As it’s observed in 
the previous sections, replacement of sand with marble 

Fig. 8   Compressive strength test result

Table 6   Main and interaction effect of R test result

Df Sum Sq Mean Sq F value Pr(> F)

Marble 1 644.6 644.6 42.871 4.76e-09
Scoria 1 102.2 102.2 6.799 0.01083
Age 1 2505.6 2505.6 166.639 2e-16
Marble:Scoria 1 133.3 133.3 8.867 0.00382
Marble:Age 1 2.3 2.3 0.155 0.69499
Scoria:Age 1 7.5 7.5 0.498 0.48236
Marble:Scoria:Age 82 39.9 39.9 2.651 0.10730
Residuals 82 1232.9 15.0
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waste and scoria has a significant negative effect on the 
workability of fresh mix, a positive effect on the strength 
of hardened concrete, and a non-significant effect on 
the cost when compared to strength and workability. 
The optimum or effective substitution of concrete con-
taining marble waste and scoria is selected depending 
on the percentage increase/decrease of strength, cost, 
and workability as shown in Fig. 10.

Based on Fig.  10 tradeoffs are made between 
strength, workability, and cost, mix 1 has a 0% increase/
decrease since it’s a reference mix. Mix 2 and mix 3 
have less increase in strength when compared to other 
mixes. Mix 4, Mix 5, and Mix 6 have a better increase in 
strength and less decrease in workability; mix 5 has an 
economic benefit. Mix 8, Mix 9, and Mix 10, the strength 
is gradually decreasing and there is a significant loss 
in slump whereas Mix 8 has a better economic benefit 
when compared to other mixes.

3.6 � Concrete weight

The experimental result reveals that as the combined 
level of marble waste and scoria increase the weight 
of concrete decreases up to 5% as presented in Fig. 11. 
The weight reduction directly related to scoria, which 
is a natural lightweight aggregate that can significantly 
reduce the dead weight of concrete by decreasing the 
cross-section of structural members and the amount of 
reinforcing steel and reduce the cost of producing arti-
ficial aggregates for concrete production.[29].

4 � Conclusions

Based on experimental results, the following conclusions 
are drawn concerning marble waste and scoria added 
concrete.

1.	 The partial replacement of sand with marble waste 
and scoria up to 67% can improve the compressive 
strength of concrete up to 30%, However, further, an 
increase in replacement of marble waste and scoria 
decrease the compressive strength. Whereas, when 

Fig. 9   Cost comparison Fig. 10   Percentage increase/decrease in strength, workability, and 
cost

Fig. 11   Concrete weight reduction



Vol:.(1234567890)

Research Article	 SN Applied Sciences (2020) 2:1938 | https://doi.org/10.1007/s42452-020-03716-9

the combined replacement rate of marble waste and 
scoria increase the workability of concrete decrease.

2.	 The cost analysis also shows that replacing sand with 
marble waste and scoria can save up to 4.5% of the 
total cost of concrete than the conventional concrete.

3.	 The combined replacement rate of 67% marble waste 
and scoria, which is 22.5% marble waste and 44.5% 
scoria will give effective and optimum sand substitu-
tion rate from strength, workability, and cost point of 
view for C-25, 0.49 water to cement ratio.

4.	 As the combined level of marble waste and scoria 
increase, the weight of concrete decreases up to 5% 
without compromising the compressive strength of 
concrete.

This research should be supplemented by the follow-
ing studies:

•	 The effect of partial replacement of sand with marble 
waste and scoria on the durability property of concrete.

•	 The potential of partial replacement of sand with mar-
ble waste and scoria for high strength concrete.

•	 The effect of the partial replacement of sand with 
marble waste and scoria by incorporating admixture 
should be studied.

•	 The extent at which CaO, SiO2, and other cement mak-
ing oxides affect the compressive strength should be 
studied
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