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1. INTRODUCTION

Pavement is one of the elements utilized in highway construction to produce a functional and safe
pavement layer between the subgrade and the vehicle wheels. Highway construction is one of the
few businesses that are experiencing significant technological advancements today. Hence, the need
for construction materials continues to increase, especially along with the expansion of road
pavements. Rigid pavement and flexible pavement are the two most commonly used forms of road
pavement in Indonesia [1], [2]. Asphalt is used for flexible pavement, and cement is used for rigid
pavement. Rigid pavement is suitable for use on highways that serve high-speed high traffic [3].
Rigid pavement uses concrete as the main material. Concrete is a material from the mixing of fine
aggregate, coarse aggregate, cement, and water with or without additives that form a solid mass with
a certain composition [4], [5]. Rigid pavement is a pavement construction arrangement where a
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concrete slab is used in the top layer of the foundation or in the subgrade of the foundation or directly
above the subgrade. Composite pavement is made by combining flexible and rigid pavement [6], [7],

[8].

The amount of material that can be used in pavement construction is decreasing. To minimize the
lack of these materials, research is carried out to create construction technology that is efficient in
terms of cost and processing time and has a positive effect on the environment by utilizing waste,
one of which is marble powder waste. Waste generated from marble stone processing damages the
environment because it pollutes water, damages plants, makes the soil barren, and causes rice plants
to die if it is flowed into the fields [9]. The use of marble powder waste as a substitute for fine
aggregate in rigid pavement can provide many benefits because it has its own characteristics. This
waste provides advantages including stiffening the material in the concrete layer because the
compound content (CaO) in marble waste has similarities with cement so that it can bind with. This
was stated in previous research where the highest CaO content in marble waste reached 52.69%.
Other benefits of marble powder waste in concrete mixes are increasing strength and resistance to
pressure when used in the right proportion, reducing negative effects on the environment, supporting
sustainable construction efforts by recycling waste, reducing dependence on traditional natural
materials such as sand, thus saving natural resources, having good binding properties, having a form
consisting of fine grains so that it can be a substitute for sand, not easy to heat, not easy to crack,
easy to process, and cost efficient [10].

Tulungagung City, Campurdarat and Besole Districts, East Java is one of the areas in Indonesia with
the most marble producers. In one production, the volume of marble powder waste produced is
estimated to reach 5-10%. If per day the marble cutting industry home produces 1000kg / day, the
volume of waste generated is around 50 kg-100 kg / day, in a week it can reach 300-600kg / week
and in 1 month it can reach 1300 kg-2600 kg / month, and in a year alone it has produced + 1.3-2.6
tons of marble powder waste and that is only 1 home industry not including other home industries
[11],112].

Marble powder is the waste left over from the marble cutting process at the factory which has passed
the drying and smoothing process to become powder. Physically, marble powder is bright white in
color and has a specific gravity of 2.79. Marble powder has a fine grain size with 100.00% of the
grains passing the Number 200 sieve with a diameter of 0.08 mm. The composition of marble consists
of calcite, dolomite, and hematite. Meanwhile, based on geochemical test analysis, marble has a
varied oxide content including Silicon Dioxide (SiO:z), Calcium Carbonate (CaCO3), Calcium Oxide
(Ca0) and several other compounds [13].

Marble powder in concrete exhibits similar physical and mechanical properties to conventional
concrete, demonstrating its viability as an effective substitute for coarse and fine aggregates in
structural concrete. Studies show that concrete incorporating marble powder meets the required
standards for compressive strength, flexural strength, bond strength, and other critical performance
metrics [14], [15].

2. METHODS

This research was conducted using quantitative research methods with the type of quantitative
experimental research which involves manipulating independent variables, controlling external
variables and measuring the effects of independent variables on the dependent variable [16], [17]. In
this research, the assessment and testing of standard parameters of compressive strength and flexural
strength of concrete on rigid pavement with added material of marble powder waste as a substitute
for fine aggregate will be carried out. In this study, the samples or subjects studied by researchers
include rigid pavement forming materials namely cement, fine aggregate, coarse aggregate, marble
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powder waste and water (1:2:2.5) for variations of 0%, 15%, 25%, 35%. The total number of samples
of compressive strength test objects 24 test objects and flexural strength 4 test objects. The data
collection method used begins with a literature study followed by research conducted at the
Tribhuwana Tunggadewi University laboratory and State Polytechnic of Malang laboratory. The
stages in the implementation of this research are the preparation of test specimens and testing stages.

2.1 Research Procedure

Research procedures refer to the systematic steps or stages followed by researchers in conducting a
study. A good research process includes the selection of appropriate research methods, appropriate
research design, and accurate execution and documentation. In this study, stages were carried out
starting from the selection of materials for making concrete mixtures, testing materials, making
concrete samples, analyzing data and determining conclusions from the results of data analysis [16],
[17]. Quantitative research involves a series of systematic steps to collect, analyze, and interpret
quantitative data. As a scientific research in order to be accountable, this research is divided into
several stages which are clarified in the diagram below:
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Figure 1. Research Flow Chart

3. RESULTS AND DISCUSSION

Before using aggregates as concrete mixtures, tests (gradation, moisture content, specific gravity and
absorption, content weight, mud content, and wear) are carried out on fine and coarse aggregates and
marble powder waste. This test was carried out to find out whether the aggregate used has met the
predetermined requirements, so that the resulting concrete is in accordance with the planned concrete
quality. The coarse aggregate used in this research is the natural coarse aggregate of Tunggul Wulung
coral, Malang, while the fine aggregate used is sand from Lumajang, Malang Regency and marble
powder waste used from Campur Darat, Tulungagung City.
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3.1 Aggregate Inspection Results

The results of the coarse aggregate inspection that has been carried out can be seen in Table 1. It can
be concluded from the table that the coarse aggregate, fine aggregate and waste marble powder used
in the concrete mix, are qualified.

Table 1. Recapitulation of Aggregate Inspection

Fine Aggregate

Testing Type Standard Terms Test Results  Remarks
Gradation Test 1,5-3,8 SNI 03 1968-1990 2,72 Fulfilled
Moisture Content Test <5% SNI 03-1971-1990 4,35% Fulfilled
Mud Content Test <70 SNI 03-4142-1996 0,01 Fulfilled
Bulk Specific Weight Test >25 SNI 03-1970-2008 2,38 Fulfilled
Apparent specific gravity >2,5 SNI 03-1970-2008 2,76 Fulfilled
SSD specific gravity >2,5 SNI 03-1970-2008 2,52 Fulfilled
Absorption <3,0% SNI 03-1970-2008 0,06% Fulfilled
Content weight test >14 SNI 03-4804-1998 1,59 Fulfilled

Coarse Aggregate

Testing Type Standard Terms Test Results Remarks
Gradation Test 6,0-7,1 SNI 03-1968-1990 6,21 Fulfilled
Moisture Content Test <5% SNI 03-1971-1990 4,08% Fulfilled
Mud Content Test <10 SNI 03-4142-1996 0,01 Fulfilled
Bulk Specific Weight Test >25 SNI 03-1968-2008 2,46 Fulfilled
Apparent specific gravity >25 SNI 03-1968-2008 2,71 Fulfilled
SSD specific gravity >2,5 SNI 03-1968-2008 2,55 Fulfilled
Absorption <3% SNI 03-1969-2008 0,04 Fulfilled
Content weight test >1,4 SNI 03-4804-1998 1,64 Fulfilled
Gradation Test <40 % SNI 2417-2008 26,88 Fulfilled

Waste Marble Powder

Testing Type Standard Terms Test Results Remarks
Gradation Test 1,5-3,8 SNI 03-1968-1990 2,67 Fulfilled
Moisture Content Test <5% SNI 03-1971-2011 3,32 % Fulfilled
Mud Content Test <7,0 SNI 03-4142-1996 0,1 Fulfilled
Bulk Specific Weight Test >25 SNI 03-1970-2008 2,13 Fulfilled
Apparent specific gravity >25 SNI 03-1970-2008 3.41 Fulfilled
SSD specific gravity >2,5 SNI 03-1970-2008 2,51 Fulfilled
Absorption <3,0% SNI 03-1970-2008 0,18 Fulfilled
Content weight test >14 SNI 03-4804-1998 1,45 Fulfilled

We are a large-scale manufacturer specializing in producing various mining machines including
different types of sand and gravel equipment, milling equipment, mineral processing equipment and
building materials equipment.

In previous studies with the same terms and conditions, the results of fine aggregate testing were for
sieve analysis 3,16, specific gravity 2,52, absorption 1,50, content weight 2,05, mud content 2,79.
The test results of coarse aggregate sieve analysis 7,07, specific gravity 2,55, absorption 2,89, content
1,51, mud content 0,73 and wear 19,23. And the test results of marble waste specific gravity 2,72,
absorption 1,6, content weight 0,13. This can be explained because marble fractions have water
absorption (1,6%), which is lower than natural crushed stone aggregate (2,89%), so it does not have
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an impact in the form of a decrease in slump value [18]. Based on research using marble waste as
aggregate substitution on the compressive strength value of dry geopolymer concrete mortar based
on lime fly ash, the results of aggregate testing include sieve analysis 3,0, specific gravity 2,75,
absorption 1,62%, mud content 3,73, CaO content 94,95% [19]. When viewed from these results
with the comparison of previous research using the same provisions, the aggregate test results that
have been carried out have met the required standards.

3.2 Compressive Strength Testing Results
3.2.1 Compressive Strength Testing Results Age 7 Days
The detailed 7-day compressive strength test results can be seen in the following table:

Table 2. Compressive Strength Testing Results Age 7 Days
No. Waste Dimension Field Load Compressive

Object Marble Weight T D Area Press Strength (7 Average
Test Powder (kg) (mm) (mm) (mm? (N) days) (MPA) (MPa)
BU 1 12,34 300 150  17662,5 233900 13,24
BU 2 0% 12,26 300 150  17662,5 205300 11,62 13,06
BU 3 12,22 300 150  17662,5 253000 14,32
BU 1 12,37 300 150  17662,5 259900 14,71
BU 2 15% 12,46 300 150 17662,5 271500 15,37 13,98
BU 3 12,43 300 150  17662,5 209600 11,87
BU 1 12,41 300 150  17662,5 309300 17,51
BU 2 25% 12,50 300 150  17662,5 305300 17,29 15,99
BU 3 12,33 300 150  17662,5 232600 13,17
BU 1 12,32 300 150  17662,5 238300 13,49
BU 2 35% 12,36 300 150  17662,5 274500 15,54 14,10
BU 3 12,44 300 150  17662,5 234300 13,27

Based on Table 2 above, the results of the compressive strength test using marble powder waste as a
substitute for fine aggregate in rigid pavement with variations of 0%, 15%, 25%, and 35% where
each variation consists of three test specimens. The compressive strength was tested at 7 days and 28
days, with a planned concrete quality of fc' 21,7 MPa. The specimens were 15x30cm in size. The
average results of the compressive strength test at 7 days were 0% (13,06 MPa), 15% (13,98 MPa),
25% (15,99 MPa), and 35% (14,10 MPa).
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Compressive Strength (7 days)
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Figure 2. Compressive Strength Chart (7 Days)

Based on the above results, it can be seen the comparison of the compressive strength value of
concrete using marble stone cutting waste as a substitute for fine aggregate with variations of 0%,
25%, 50%, 75% and 100%. The maximum compressive strength value is 26,92 MPa at a percentage
of 75%. Meanwhile, when viewed from the results of the concrete compressive strength test with the
addition of marble sawing waste, the maximum concrete compressive strength value is at a
percentage of 5%, namely 26,46 MPa and the minimum is at a percentage of 15%, namely 19,32
MPa. This test is based on SNI 1974: 2011. With the addition of too much marble sawdust waste can
reduce the strength of concrete. The addition of marble sawdust waste as a fine aggregate substitution
can be seen that the compressive strength value at the age of 7 days with a percentage of 0%, 15%,
25%, 35% has not met the required compressive strength. However, with the addition of marble
powder waste, the compressive strength of concrete has increased when compared to normal concrete
and the maximum value at the age of 7 days is at a percentage of 15% (15,99 MPa) and the minimum
is at a percentage of 35% (15,67).

In previous studies where the compressive strength of concrete using marble stone cutting waste as
a substitute for fine aggregate with variations of 0%, 25%, 50%, 75% and 100%. The compressive
strength was tested at the age of 7 days with a concrete quality of fc' 24 MPa. The results of 0%
concrete compressive strength (19,55 MPa), 25% (26,19 MPa), 50% (27,3 MPa), 75% (26,92 MPa),
and 100% (16,97 MPa) [20]. Concrete compressive strength test using marble powder waste as a
substitute for cement tested at the age of 7 and 14 days, at 28 days compressive strength value
obtained from the conversion of test objects. The compressive strength at each variation of 0%, 5%,
10%, and 15% is 25,41 MPa, 26,46 MPa, 22,63 MPa, and 19,32 MPa [21].

3.2.2 Compressive Strength Testing Results Age 28 Days

The detailed 28-day compressive strength test results can be seen in the following table:

Table 3. Compressive Strength Testing Results Age 28 Days
No. Waste Dimension Field Load Compressive

Object Marble W::ght T D Area Press Strength (7 A;le;age
Test Powder (kg) (mm) (mm) (mm? N) days) (MPA) (MPa)
BU 1 12,94 300 150  17662,5 354800 20,09
BU 2 0% 13,08 300 150 17662,5 422600 23,93 22,00
BU 3 12,78 300 150  17662,5 388100 21,97
BU 1 15% 12,58 300 150  17662,5 430500 24,37 7379
BU2 12,78 300 150  17662,5 369900 20,94 ’
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BU 3 12,65 300 150  17662,5 460100 26,05
BU 1 12,37 300 150  17662,5 307600 17,42
BU2 25% 12,48 300 150 17662,5 328400 18,59 16,97
BU 3 12,48 300 150  17662,5 263000 14,89
BU 1 12,40 300 150  17662,5 312900 17,72
BU 2 35% 12,28 300 150  17662,5 222800 12,61 15,67
BU 3 12,27 300 150  17662,5 294700 16,69

Based on Table 3, the compressive strength test using marble powder waste as a substitute for fine
aggregate in rigid pavement with variations of 0%, 15%, 25%, and 35%. The compressive strength
was tested at 7 days and 28 days, with a planned concrete quality of fc' 21,7 MPa. The test specimens
were 15x30cm in size. The results of the compressive strength test at the age of 28 days are 0%
(22,00 MPa), 15% (23,79 MPa), 25% (16,97 MPa) and 35% (15,67 MPa).

Compressive Strength (28 days)
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Figure 3. Compressive Strength Chart (28 Days)

In previous research with a review of the compressive strength value of concrete mixtures with the
use of marble waste as a substitute for cement with variations of 3%, 8%, and 12%. The compressive
strength test results were 3% (9,88 MPa), 8% (14,44 MPa), and 12% (15,43 MPa). This shows that
the greater the amount of marble powder used, the less density and pores [22]. Compressive strength
test with the utilization of marble waste as a partial replacement of coarse aggregate with variations
of 0%, 15%, 25%, and 35% tested at the age of 28 days. The results of the compressive strength test,
namely the 0% variation is 31,94 MPa, in concrete with 15% variation is 32,77 MPa, and in concrete
with 25% variation is 33,22 MPa, and 35% is 32,64 MPa [23].

Based on the results of the compressive strength test using marble powder waste as a substitute for
fine aggregate in rigid pavement with variations of 0%, 15%, 25%, and 35%. The compressive
strength was tested at the age of 7 days and 28 days, with a planned concrete quality of fc' 21,7 MPa.
The test specimens were 15x30cm in size. The results of the compressive strength test at the age of
28 days are 0% (22,00 MPa), 15% (23,79 MPa), 25% (16,97 MPa), and 35% (15,67 MPa).

It can be concluded that the compressive strength value of compressive concrete utilizing marble
waste as a substitute for cement with variations of 3%, 8%, and 12% has the maximum value at a
percentage of 12%, namely 15,43 MPa and the minimum at a percentage of 3%, namely 9,88 MPa.
Meanwhile, when looking at the compressive strength value with the use of marble waste as a partial
substitute for coarse aggregates with variations of 0%, 15%, 25%, and 35%, the maximum value is
at 25% percentage of 33,22 MPa and the minimum at 0% percentage of 31,94 MPa. This test uses
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SNI 1947-2011 regulations on how to test the compressive strength of concrete with cylindrical test
objects. And with the addition of marble powder waste as a fine aggregate substitution, the highest
compressive strength value is at a percentage of 15% (23,79 MPa) and the lowest at a percentage of
35% (15,67 MPa). From these results it can be seen that the higher the percentage of waste, the
compressive strength of concrete decreases.

3.3 Flexural Strength Testing Results

Flexural strength testing using reinforced concrete plates is carried out to determine deflection and
compressive load with marble powder waste as a fine aggregate substitution. The test object used is
areinforced concrete plate with a size of 12 cm x 50 cm x 120 cm with 1 test object for each variation.
The following are the results of testing the relationship between load and deflection that occurs in
each variation of reinforced concrete plate specimens. Table of combined load and deflection test
results with 0%, 15%, 15%, and 35% waste variations.
Table 4. Deflection Test Results of reinforced concrete slab
Variation of Powder Waste

No Load Deflection (mm) Average
0% 15% 25% 35%
1 0 0.00 0.00 0.00 0.00 0.00
2 100 0.02 0.02 0.04 0.01 0.02
3 200 0.12 0.04 0.07 0.02 0.06
4 300 0.16 0.07 0.11 0.05 0.10
5 400 0.24 0.08 0.13 0.08 0.13
6 500 0.25 0.09 0.17 0.11 0.16
7 600 0.32 0.11 0.21 0.13 0.19
8 700 0.39 0.13 0.29 0.17 0.25
9 800 0.41 0.14 0.33 0.21 0.27
10 900 0.42 0.16 0.47 0.28 0.33
11 1000 0.46 0.18 0.53 0.34 0.38
12 1100 0.52 0.21 0.55 0.36 0.41
13 1200 0.58 0.23 0.59 0.44 0.46
14 1300 0.64 0.24 0.64 0.86 0.60
15 1400 0.67 0.26 0.67 0.94 0.64
16 1500 0.69 0.29 0.71 1.02 0.68
17 1600 0.71 0.31 0.75 1.12 0.72
18 1700 0.76 0.33 0.81 1.29 0.80
19 1800 0.77 0.35 0.85 1.39 0.84
20 1900 0.81 0.39 0.93 1.66 0.95
21 2000 0.87 0.54 0.97 2.15 1.13
22 2100 0.95 1.15 1.02 2.36 1.37
23 2200 0.97 1.27 1.11 2.63 1.50
24 2300 0.99 1.36 1.15 3.13 1.66
25 2400 1.03 1.39 1.25 3.49 1.79
26 2500 1.06 1.48 1.56 5.37 2.37
27 2600 1.08 1.59 1.65 1.44
28 2700 1.12 2.15 1.74 1.67
29 2800 1.24 2.22 1.85 1.77
30 2900 1.43 2.31 1.93 1.89
31 3000 1.79 2.65 2.11 2.18
32 3100 1.89 3.34 2.21 248
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33 3200 2.04 3.49 2.28 2.60
34 3300 2.12 2.39 2.26
35 3400 2.13 2.49 231
36 3500 2.14 2.64 2.39
37 3600 2.16 2.84 2.50
38 3700 2.18 3.21 2.70
39 3800 2.22 3.55 2.89
40 3900 2.24 5.37 3.81
41 4000 231 6.21 4.26
42 4100 243 243
43 4200 2.66 2.66
44 4300 3.93 3.93

Based on the results of the flexural strength test using marble powder waste as a substitute for fine
aggregate in rigid pavement with variations of 0%, 15%, 25%, and 35%. Flexural strength was tested
at 28 days of age, with a planned concrete quality of fc' 21,7 MPa. The test specimens were
12x50x120cm in size. From the test results, the maximum load on each specimen was 0% (4300 kg),
15% (3200 kg), 25% (4000 kg), and 35% (2500 kg). The deflection that occurs in each test specimen
with variations of 0% (3,93 mm), 15% (3,49 mm), 25% (6,21 mm), 35% (5,37mm).

Flexural strength of 28 days old waste marble powder

5000; o3
4500 6,21

4000 3.49
3500 ’

5 3000 5,37

= 2500

g 2000
1500
1000
500
0

0% 5% 10% 15% 20% 25% 30% 35% 40%

Variation of marble powder

Figure 4. Flexural Strength Chart

In this description, it can be explained that when viewed from the results of the flexural strength
value of concrete using marble waste as a substitute for binders where the limit load which is the
maximum load that can be received by the beam and dial indicator does not increase anymore. The
maximum deflection is reached when the load no longer increases. It is known that the 20% beam
has the smallest deflection of the others. This means that the more powder content causes the concrete
to be more brittle and quickly broken. At a deflection of 3,61lmm the beam was no longer able to
accept additional load. This is due to the increasing amount of lime content in the concrete mix.
Meanwhile, the maximum value for the flexural strength of concrete with the addition of marble
fractions and silica fume as a substitute material in the concrete mixture for the flexural strength
value of concrete with variations of 0%, 10%, 12.5%, and 15% is 2,66 at a percentage of 10%. And
with the addition of marble powder waste, the largest deflection occurs at a percentage of 25%,
namely 6,21mm and the minimum at a percentage of 15% (3,49mm). And at 25% the concrete plate
is able to withstand a high load of 4000 kg. While at 35% the concrete plate is only able to withstand
a load limit of 2500 kg, this shows that the more the use of marble powder in the mixture on the
implementation of its specific gravity, it has the ability to withstand increasingly smaller loads.
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In previous research with a review of the flexural strength value of concrete using marble waste as a
substitute for binders with variations of 0%, 5%, 10%, 15%, and 20%. Flexural strength was tested
at the age of 28 days, with the concrete quality used fc' 8,3 MPa. The test specimens used were
10x15x120cm in size. From the test results, the maximum limit load was obtained for each behavior
of 0% (2300 kg), 5% (2125 kg), 10% (2042 kg), 15% (1875 kg) and 20% (1750 kg). The deflection
that occurs in each test specimen with variations of 0% (5,88 mm), 5% (5,10 mm), 10% (4,31 mm),
15% (3,86 mm), and 20% (3,61 mm) [24]. From the results of research with the addition of marble
fractions and silica fume as a substitute material in the concrete mixture for the value of the flexural
strength of concrete with variations of 0%, 10%, 12.5%, and 15% tested at the age of 28 days. The
results of the flexural strength test 0% (2,61), 10% (2,66), 12,5% (2,54) and 15% (2,44) [25].

4. CONCLUSION

The maximum compressive strength of concrete using marble powder waste as a substitute for fine
aggregate in rigid pavements with variations of 0%, 15%, 25%, and 35% tested at age 7 is at a
percentage of 25%, namely 15,99 MPa and the minimum at a percentage of 0%, namely 13,06 MPa.
And the maximum compressive strength value of concrete at the age of 28 is 15% percentage (23,79
MPa) and the minimum at 35% percentage (15.67Mpa).

The flexural strength value by using marble powder waste as a substitute for fine aggregate in rigid
pavement with variations of 0%, 15%, 25%, and 35% and tested at the age of 28 days, with the
quality of test specimens measuring 12x50x120cm with the maximum compressive load is at 0%
normal concrete (4300 kg) while the maximum deflection occurs in the 25% variation which is
6,2 1mm.
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