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Abstract Cement production also results in the release of a significant amount of solid waste materials and gaseous
emissions. In addition, of the cement production marble quarrying and processing evolves a huge amount of wastage. During
marble processing, 30% of the stone (in case of unprocessed stone) goes to scrap because of being in smaller size and/or
irregular shape. Produced wastage have dangerous effect on the environment, which includes affecting the fertility of the soil,
water pollution and air pollution. Among the potential areas in Ethiopia, the Benishangul Gumuze Region is reach in marble
stone. Therefore this problems should be reduced by using marble as cement replacement. The main objective of this research
is to investigate the partial replacement of cement with marble dust powder in C-25 concrete production with marble found in
Benishangul Gumuz. To check these, marble was collected from Mankusha site and processed for the lab experiment. The
physical properties and the chemical composition of the marble dust powder was determined. In addition to this, split Tensile,
flexural and compression tests for hardened concrete were conducted for 7, 14 & 28 days by replacing cement with marble
dust powder from 5% to 20%. Controlling mix C-25 with 0% marble dust powder was prepared. The 28th compressive
strength test result for 0%, 5%, 10%, 15%, 20% are 45.7MPa, 46.2MPa, 46.77MPa, 46.10MPa and 45.05MPa respectively.
And the 28th split tensile strength test result for 0%, 5%, 10%, 15%, 20% are 2.91MPa, 3.01MPa, 3.24MPa, 3.15MPa and
2.64MPa respectively. The result for flexural strength test for 0%, 5%, 10%, 15%, 20% are 5.27MPa, 5.38MPa, 5.7MPa,
6.31MPa and 5.78MPa respectively. The results showed maximum compressive and split tensile strength at 10% replacement
of 46.77MPa and 3.24MPa respectively. Maximum of 6.31MPa flexural strength at 15% marble dust powder replacement.
Therefore, marble in Mankush site has achieved a greater strength than the normal or controlled (C25) in Compressive, split
tensile and flexural strength. This will has double benefits. One in protecting the region from marble waste effects and
reduces cost by reducing the amount of cement required.
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. powder, which is a by-product of marble processing factory,
1. Introduction was studied by many researchers for its use in concrete and
mortar production as cement replacing material. Most of the
researches showed positive results and benefits (Abrar Awol,
2011).

Christian Meyer (2002) stated that, the production of one
ton of Portland cement causes the release of one ton of CO2
into the atmosphere. In addition to this the cement industry
alone generates worldwide about 7% of it. Marble industry
produces large amount of waste during mining and
processing stages. This waste is dumped on to open land,
which creates many environmental problems (Sudarshan D.
and A. K. Vyas, 2015). According to MSME development
institute  (2006) report, the slurry generated during

) _ processing can be estimated at about 10% of the total stone
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Millions of tons of waste is produced in the world each
year and most of it is not recyclable. Furthermore, recycling
waste consumes energy and produces pollution. In addition
this wastes are dangerous to the environment. Incorporating
waste materials in concrete production has two advantages:
removing waste and adding good values to concrete
properties (Davoud Tavakoli, etal., 2018).

Among most widely used industrial wastes that are used to
replace cement in concrete productions are Fly ash, blast
furnace slag and silica fume, which have a nature called
pozzolanic behaviour. For such reason, marble waste
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of the total stone quarried (20% to 25% of the block as
received from the quarries) and during polishing as 5%.

The most interesting deposits of marble are found in the
western part of Ethiopia which is found in Benishangul
Gumuz regional state, and Mankush is one of the sites found
in this region (Haileyesus Walle etal. 2000). Accordingly,
during quarrying and processing marbles the waste produced
has to be used for the purpose of concrete production in order
to save cost by replacing cement and coarse aggregates.
Since cost of cement in Ethiopia is high, finding something
that replaces it partially is an advantage. If the replacement is
a waste for other process, it has double advantages, one in
protecting the environment the other in saving cost.

The specific objectives of this study are; to determine the
physical and chemical properties of marble dust powder used
in this study, to investigate the influence of partial
replacement of cement with marble dust powder on physical
properties of concrete.

2. Marble Dust Powder as a Cement
Replacement

Use of marble dust replacement of cement in the
production of concrete for the construction industry should
be encouraged where there comparative cost advantage, and
improved workability as replacement of marble increase, the
compressive strength also increased as with increase of
marble powder up to 10% replacement (B. Krishna Rao,
2016).

Five concrete mixtures containing 0%, 5%, 10%, and 20%
marble dust powder as cement replacement by weight basis
has been prepared. Water/cement ratio (0.43) was kept
constant, in all the concrete mixes. Compressive strength,
split tensile strength & flexural strength of the concrete
mixtures has been obtained at 7 and 28 days. The results of
the laboratory work showed that replacement of cement with
MDP increase, up to 10% for compressive strength, & up to
15% for split tensile strength & flexural strength of concrete
(Ranjan Kumar, etal., 2015).

If percentage of cement replaced with marble dust power
is more than 10%, than the compressive strength on concrete
will start to decrease. it is showing in the graph that the
compressive strength of concrete is increased by replacement
of cement with marble dust powder up to 10% (Ruchi C. and
Avinash S., 2017).

3. Materials and Methodology

3.1. Materials

For studying the effects of marble waste powder on the
properties of concrete, Dangote OPC; with strength grade of
42.5 is used for the preparation of concrete with marble dust
powder. For this study, all the coarse aggregate and fine
aggregates were from the same source for all tests to be
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conducted and are tested to comply ASTM C33 standard
specification.

The marble for this study was collected from Mankush
marble site and the marble dust powder was sieved and
marbles passing 90 microns sieve was used as a replacement..
And clean potable water was used for washing aggregates,
and mixing and curing of concretes.

3.2. Methodology

The research was conducted in western Ethiopia in
Benishangul gumuz regional state, particularly in Guba
wereda, Mankush Marble site. Which is located 920 km from
the capital Addis Ababa.

3.2.1. Sample Preparation and Tests on Sample

For conducting compressive strength, split tensile and
flexural strength tests, testing samples were prepared by
replacing cement with 0%, 5%, 10%, 15% and 20% marble
dust powder.

The samples were given designation for each replacement.
The designations are presented on Table 1 with cement
content and marble dust powder content.

Table 1.  Sample Designation of Concrete

No. Designation for Concrete Cement MDP
1 CMDP, 100% 0%
2 CMDPs 95% 5%
3 CMDPy, 90% 10%
4 CMDP;s 85% 15%
5 CMDPy 80% 20%

For compressive strength test three cube with size of
150mm x 150mm x 150mm are used to determine the 7, 14
and 28" days compressive strength for each percentage
replacements according to ASTM. Split tensile strength was
conducted on cylindrical sample of 300mm by 150mm
according to ASTM. The test was carried out for 7, 14 and
28" days. The other test that was carried out was flexural
strength of concrete. This test was carried out on sample of
150mm by 150 mm by 450mm concrete beams.

The sample size for compressive, split tensile and flexural
strength tests are presented below on Table 2, Table 3 and
Table 4 respectively.

Table 2. Sample Size for Compressive Strength Test

. . Compressive strength
No Designation -
| for Concrete No. sample required Test Total
by ASTM days
1 CMDP, 3 3 9
2 CMDPs 3 3 9
3 CMDPyq 3 3 9
4 CMDP;5 3 3 9
5 CMDPy 3 3 9
Total for compressive strength test 45
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Table 3. Sample Size for Split Tensile Strength
. Split Tensile Strength
No Designation -
| for Concrete No. sample required Test Total
by ASTM days
1 CMDP, 3 3 9
2 CMDPs 3 3 9
3 CMDP;o 3 3 9
4 CMDP;s 3 3 9
5 CMDPy, 3 3 9
Total for compressive strength test 45
Table 4. Sample Size for flexural Strength
o flexural Strength
No Designation -
“ | for Concrete No. sample required Test Total
by ASTM days
1 CMDP, 3 3 9
2 CMDPs 3 3 9
3 CMDP;o 3 3 9
4 CMDP;s 3 3 9
5 CMDPy, 3 3 9
Total for compressive strength test 45

According to the above tables a total of 135 samples were
prepared and tested for compressive, split tensile and
flexural strength test. The designation CMDP, indicated
concrete with 0% marble replacing cement, CMDPs concrete
with 5% marble replacing cement, CMDP,, concrete with
10% marble replacing cement, CMDP,5 concrete with 15%
marble replacing cement and CMDP,, concrete with 20%
marble replacing cement.

The slump of each concrete mix was also measured to see
the fresh concrete property.

The results for different testes were analysed to address
the objectives and discussed in graphs, charts and tables.

3.2.2. Mix Proportion

The mix proportion was calculated by using ACI mix
design method. After the quantities of main ingredients are
determined, the next step was to replace the cement quantity
with marble dust powder without altering the quantities of
coarse aggregates and fine aggregate. The water cement ratio
used here is 0.49. The summarized mix proportion for each
test samples are presented on Table 5 below.

Table 5.  Summarized Mix Proportion

3.2.3. Testing on Materials

The ingredients were tested for different properties. Prior
to mix design. The property test for cement, marble dust
powder, sand and coarse aggregates were te56sted. Beside
the physical property test, marble dust powder chemical
constituents were identified.

The physical property tests that were carried out for the
marble dust powder, cement, coarse aggregate and fine
aggregates are listed on Table 6 below.

Table 6. Determined Physical Properties of Concrete Ingredients

Cement | MDP Fine Coarse
No. | Samples (Kg/m?) | Kg/m? aggregate | aggregate | Water
’ I kgimd) | (kg/md)
1 CMDP, 383.7 0 819.8 996.9 188
2 CMDPs | 36451 | 19.18 819.8 996.9 188
3 | CMDPy | 34533 | 38.37 819.8 996.9 188
4 | CMDPys | 326.15 | 57.55 819.8 996.9 188
5 | CMDP, | 306.96 | 76.74 819.8 996.9 188

physical properties
No. Fine
MDP Cement Coarse
Aggregates Aggregates
1 Spec!ﬂc Fineness BUIk. unit Unit weight
gravity weight
) Moisture Normal Specific Fineness
content consistency gravity modulus
Water iti i ifi
3 . Inma_l setting Absorption Specn_flc
absorption time gravity
4 Size Flnal_ setting Moisture Absorption
time content
Moisture
5
- - content

The results of the above different properties are discussed
and compared with standards.

4. Result and Discussion

4.1. Materials Property Test Result

The materials for the production of concrete with marble
dust powder were tested for different properties. The
physical and chemical property test results of the marble
used are presented on Table 7 and Table 8 respectively.

Table 7. Physical Properties Test Results of MDP

No. Properties for MDP Result
1 Specific gravity 2.67
2 Moisture content 0.58
3 Water absorption 0.92
4 Size 0.90

As shown on Table 7, the marble on this study has a
specific gravity of 2.67, moisture content of 0.58% and a
water absorption capacity of 0.92 and the marble passed
sieve size of 0.90 micron.

As shown from Table 8, majority of the compounds are
much less than that of ASTM C150/C150M standard
specification for Portland cement maximum limit. Whereas
silica dioxide (SiO2) composition of the MDP is 0.37 which
is much more less than the minimum.
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Table 8. Chemical Property Test Results of MDP

No. Compounds Result ASTMf;:rlgg/ngOM

1 Calcium Oxide (CaO) 56.2% -
2 Mag”gf’/:;g)o’dde 0.49% 6 Max

Silica dioxide (SiO,) 0.37% 20 Min

Iron oxide (Fe,05) 0.2% 6 Max

5 A'“mi(%zg‘:)ioxme 0.23% 6 Max
6 Sodium oxide (Na,O) 0.22%
7 Potassium oxide (K,0) 0.04%
8 Sulphur trioxide (SOs) 0.02% 3% Max
9 Loss on ignition 42.23 3 Max

The other ingredient for concrete production is cement.
The cement used for this study has the following physical
properties as listed on Table 9 below.

Table 9. Cement Property Test Result

Properties for the ASTM C150/C150M-20
No. Result S
Cement Limits
1 Normal Consistency 33% 26%-33%
2 Initial setting time 47min >= 45min
3 Final setting time 368min <=375
Fineness (air 5 5
. >=
4 permeability test) 314mlkg 280m/kg

As shown from Table 9, the normal consistency of the
cement used is 33% which is within the limits of ASTM
26%-33. The initial setting time and final setting time of the
cement used are 47 minutes and 368 minutes respectively
whereas ASTM specifies >45 minutes and <375 minutes
respectively. The fineness of the cement by using air
permeability method is 314m°kg which is acceptable
according to ASTM.

The fine aggregate in this study has the following physical
property as shown on Table 10 below.

Table 10. Fine Aggregate Physical Property Test Result

Physical Properties
No.
ASTM .
Property Result Standard ASTM Limit
1 Bulk Unit | 1675 | AsTmcasoz | 1201920
weight kg/m3
2 Fineness 2.86 | ASTM C33-03 2331
modulus
Specific gravity | 2.74 | ASTM C33-03 2.4-3
Absorption 1.7% | ASTM C33-03 <=2%
Moisture content 2 - -

According to the test result on Table 10, the bulk unit
weight of the fine aggregate is within the limit of ASTM C33
(1120 kg/m*-1920 kg/m®) normal weight concrete. Fineness
modulus of the sand used here is 2.86, which is within

acceptable limit of ASTM C33 (2.3-3.1). The Specific
gravity for the sand (2.74) is also within ASTM C33-03
(2.4-3). According to ASTM C33-03, water absorption of
sand should be </= 2%. The sample for this study has 1.7%
value which is acceptable. Finally the moisture content of
sand is 2%. This means the sand has moisture naturally and
this moisture was considered during mixing while adding
mixing water.

The coarse aggregate used has the following properties as
listed on Table 11.

According to the test result on Table 11, the bulk unit
weight of coarse aggregate is within the limit of ASTM C33
(1120 kg/m*-1920 kg/m?) normal weight concrete.

The Specific gravity for the coarse aggregate is 2.72,
which is according to ASTM C33-03 (2.3-2.9).

Table 11. Coarse Aggregate Physical Property Test Result

Physical Properties
No. ASTM _
Property Result Standard ASTM Limit
1 Bulk Unit weight | 1640 ASTM C33-03 1120_19320
kg/m

Specific gravity 2.72 ASTM C33-03 2.3-2.9

4 Absorption 1.5% ASTM C33-03 0.5-4
Moisture content | 0.25% - -

The water absorption of the sample is 1.5% which is
within ASTM C33-03 (0.5-4). Finally the moisture content
of sand is 0.25%. This moisture was considered during
mixing while adding mixing water.

4.2. Slump Test Result

The fresh concrete property test was conducted for
different percentage of marble dust powder replacement. The
test result is shown in Figure 1. It’s clearly shown from
Figure 1 that, as percentage replacement increases the slump
value will also increases from 43mm to 65mm.

Chart Title
65
70 . 60
60 50
~— 50
< 43
£ 40
=
£ 30
=
v 20
10
0
MDP%
marble dust powder replacement (%)
m0% m5% m10% m15% m20%
Figure 1. Slump for different percentage marble dust powder

replacements



130 Tewodros Getachew and Miskir Gebrehiwot:

Investigation on Partial Replacement of Cement

with Marble Dust Powder on C-25 Concrete Production in Benishangul Gumuz; Ethiopia

As shown from Figure 1, as the percentage replacement
increases the slump value also increases. This shows the
workability of the concrete increases as the percentage of
marble dust powder increases.

4.3. Physical Properties of Concrete

4.3.1. Compressive Strength

The compressive strength of the samples were tested for
7" 4™ and 28" days. The test results for each replacement is
presented on the Table 12 below.

Table 12. Compressive Strength Test Result

Compressive Strength(MPa)
No. Sample MDP Testing days
7" 14" 28"

1 CMDPO 0% 34.5 41.0 45.7
2 CMDP5 5% 35.22 42.86 46.2
3 CMDP10 10% 36.11 43.02 46.77
4 CMDP15 15% 34.64 41.40 46.10
5 CMDP20 20% 3241 40.45 45.05

According to Table 12 and Figure 2, all samples shows an
increment in compressive strength with respective to each
testing days.

= 7th day

= 14th day ®=28th day
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Figure 2. Compressive strength and percentage replacement
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e ) 3th day

6.77
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Figure 3. 28" day Compressive strength and percentage replacement

To see the influence of percentage replacement of cement
with marble dust powder on compressive strength, the 28"

days compressive strength test results of 0%, 5%, 10%, 15%
and 20% were compared to each other. The comparison were
made using the graph in Figure 3.

As shown in Figure 3, the compressive strength increases
up to 10% replacement and decreases afterward. The 10%
replacement is with 46.77 MPa compressive strength
whereas, the 0% replacement (control concrete) is with
45.7MPa, and this shows the 10% replacement increased
with 1.07Mpa from 0% replacement. Here the 15%
replacement even has a better compressive strength than the
controlled sample (C25).

4.3.2. Split Tensile Strength

Like the compressive strength test, the split tensile
strength test was conducted for 7th day, 14th day and 28th
days. The split tensile strength was tested on cylindrical
sample of 300mm by 150mm. The results of the splitting
tensile strength test for 0%, 5%, 10%, 15%, and 20% marble
dust powder replacements are listed on Table 13.

Table 13.  Split Tensile Strength Test Result

Split Tensile strength(MPa)
No. Sample MDP Testing days

™ 14" 28"

1 CMDPO 0% 2.52 2.65 291
2 CMDP5 5% 2.66 2.73 3.01
3 CMDP10 10% 2.98 3.11 3.24
4 CMDP15 15% 241 2.83 3.15
5 CMDP20 20% 2.07 2.37 2.64

According to Table 13 and Figure 4, all samples shows an
increment in split tensile strength with respective to each
testing days.

m Tth dax l4th day m28th day
S
=
g
=
g
i
E=]
&
o 0 = oa 14 % 15 0a o

Alarble Dast Fowder Beplacement

Figure 4. Split tensile strength and percentage replacement

To study the influence of marble dust powder replacement
on concrete split tensile strength, the 28" days splitting
tensile strength of each percentage replacement is presented
in Figure 5. As illustrated in Figure 5, the split tensile
strength increases as the marble dust powder percentage
replacement increases up to 10%. But after wards the split
tensile strength decreased. At 0% replacement the splitting
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tensile strength at 28th day was recorded as 2.91MPa, and
increased up to 10% replacement. At 10% replacement,
the split tensile strength of the sample is 3.24MPa. Then
afterwards, the split tensile strength decreased to 2.64MPa at
20% MDP. However, this strength is still greater than the 0%
marble dust powder concrete which is the controlled sample
(C25). This implies that, the 20% MDP concrete has a better
strength than 0% marble dust powder replacement concrete.

e 8th day

3.5 3.24
= 5
= 201 3.0 3.15
= 2.64
= 2.5

2 2

1
Z 15

%)
= 1

b
= 0.5
i 0
wu 0% S0%% 10% 15%p 20%

Marble Dust Powder Replacement

Figure 5. 28" day Split tensile strength and percentage replacement

4.3.3. Flexural Strength

Like the compressive strength test and split tensile
strength, the flexural strength test was conducted for 7" day,
14™ day and 28™ days. The flexural strength was tested on a
beam sample of 150mm by 150 mm by 450mm. The results
of the flexural strength test for 0%, 5%, 10%, 15%, and 20%
marble dust powder replacements are listed on Table 14. In
order to see the effect of the replacement on each testing days,
the chart in Figure 6 is used for better illustration.

Table 14. Flexural Strength Test Result

flexural strength (MPa)
No. Sample MDP Testing days

7" 14" 28"
1 CMDPO 0% 45 481 5.27
2 CMDP5 5% 4.82 4,94 5.38
3 CMDP10 10% 5.12 5.34 5.7
4 CMDP15 15% 5.54 5.67 6.31
5 CMDP20 20% 5.29 5.40 5.78

According to Figure 6 and Table 14, all samples shows an
increment in flexural strength with respective to each testing
days.

To study the effect of marble dust powder replacement on
concrete flexural strength, the 28" day’s flexural strength
of each percentage replacement are presented in Figure 7.
As illustrated in Figure 7, flexural strength increases as the
marble dust powder percentage replacement increases up to
15%. But after wards the flexural strength decreased. At 0%
replacement the flexural strength at 28th day was recorded as
5.27MPa, and increased up to 15% replacement.
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Figure 7. 28" day Flexural Strength and percentage replacement

At 15% replacement, the flexural strength of the sample is
6.31MPa. Then afterwards, the flexural strength decreased to
5.78MPa at 20% MDP. However, this strength is still greater
than the 0% marble dust powder concrete which is the
controlled sample (C25). This implies that, the 20% MDP
concrete has a better flexural strength than 0% MDP
concrete.

4.4. Comparison of Compressive, Flexural and Split
Tensile Strength

Table 15. 28" day compressive, tensile and Flexural Strength

th th H
28 day_ 28 day_Spllt 28" day Flexural
MDP% Compressive Tensile Strength (MPa)
strength (MPa) strength (MPa) 9

0% 45.7 291 5.27
5% 46.2 3.01 5.38
10% 46.77 3.24 5.7
15% 46.10 3.15 6.31
20% 45.05 2.64 5.78

The compressive, split tensile and flexural strength test
results were considered for comparison. As shown fro Table
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15, compressive and split tensile strength of the concrete
with 10% replacement shows maximum result. Whereas,
flexural strength of the concrete shows maximum result at
15% replacement.

5. Conclusions

In this study, different tests were conducted to determine
the physical and chemical properties of marble dust powder
used in this study, to investigate the influence of partial
replacement of cement with marble dust powder on physical
properties of C-25 concrete.

Accordingly, the following conclusions were made from
the results:

» The marble used has a specific gravity of 2.67,
moisture content is 0.58, water absorption of 0.92%
and size of 0.90 micro.

» The chemical composition of the marble is 56.25 CaO,
0.49% MgO, 0.37% SiO,, 0.2% Fe,0s, 0.23% Al,Os,
0.22% Na,O, 0.04% K,O, 0.02% S0, and loss on
ignition is 42.23%.

» All the samples showed an increase in compressive,
split tensile and flexural strength with respect to each
testing days.

» The slump test result implied, the increase in
workability as the percentage of marble dust powder
increases.

> The 28"™ compressive strength results of the 0%,
5%, 10%, 15% and 20% are 45.7MPa, 46.2MPa,
46.77MPa, 46.10MPa and 45.05MPa respectively.

» The compressive strength at 10% marble dust powder
replacement has the maximum compressive strength
of 46.77MPa.

> The 28" split tensile strength results of the 0%, 5%,
10%, 15% and 20% are 2.91MPa, 3.01MPa, 3.24MPa,
3.15MPa and 2.64MPa respectively.

» The split tensile strength at 10% marble dust powder
replacement has the maximum split tensile strength of
3.24MPa.

> The 28" flexural strength results of the 0%, 5%, 10%,
15% and 20% are 5.27MPa, 5.38MPa, 5.7MPa,
6.31MPa and 5.78MPa respectively.

» The flexural strength at 15% marble dust powder
replacement has the maximum split tensile strength of
6.31MPa.

» The concrete with 10% marble dust powder has
maximum compressive and split tensile strength.
Whereas, 15% marble dust powder concrete has a
maximum flexural strength.

Generally according to the study, the marble dust
powder in Mankush site, has shown appreciable result in
compressive, split tensile and flexural strength. Thus in order
to protect the environment from the marble dust powder
effect and in order to save cost by minimizing cement
amount, marble can play an important role.
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