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Abstract

This study was conducted to determine the effect of the grain size of Palu's coarse aggregate on the compressive
strength and permeability of porous concrete and the highest compressive strength and permeability values
obtained in the porous concrete. This study began with testing the coarse aggregate material, then planning and
manufacturing specimens with 3 variations in the size of the Palu coarse aggregate, namely 4.75 mm—-9.5 mm
(BP1),9.5 mm-19.0 mm (BP2), and 19.0 mm-37.5 mm (BP3) according to the ACI standard 522R-10. The tests
carried out were compressive strength testing and permeability testing with a total of 18 specimens at the age of
28 days. Based on the tests carried out, the highest compressive strength of porous concrete is the BP1 variation
with a value of 19.77 MPa, while the highest permeability value is the BP3 elli(m with a value of 840.89
mm/minute. The grain size of the coarse aggregate in Palu is very influential on the compressive strength and
permeability of porous concrete. Aggregates with small grain sizes have high compressive strength values but
have low permeability values. Meanwhile, porous concrete that uses aggregates with large grain sizes has a low
compressive strength value but has a high permeability value. Large porosity due to using aggregates with large
grains produces a large permeability value but has a small compressive strength value and vice versa.
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A.INTRODUCTION

Indonesia is a developing country, which is marked by continued infrastructure development.
Of all these infrastructures, all of them have the same forming material, namely concrete.
Cement, fine aggregate, and @fEditional ingredients are combined to create the composite
substance known as concrete (Huang et al., 2020; Zhu et al., 2020; Zhang et al., 2014).

Normal concrete can be said to be a material that is not environmentally friendly, concrete is a
material that is difficult to recycle (Ajamu et al., 2012; Li et al., 2021). Concrete also has water
and airtight properties, so when concrete is used as the main material for ground cover in
Indonesia such as parking lots, roads, parks, or open spaces covered with concrete, it will affect
the infiltration of water into the ground. Because the large area covered by this waterproof
material makes it a problem for the environment (Lang et al., 2019).

Porous concrete is one of the innovations in the manufacture of concrete which is expected to
be more environmentally friendly. Porous concrete is a simple form of normal concrete made
by reducing or removing fine aggregate in the concrete mixture.

Based on this background, this study was conducted to determine "The Effect of Variations in
Grain Size of Palu Coarse Aggregate on Compressive Strength and Permeability of Porous
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concrete" to obtain maximum compressive strength and permeability values using Palu coarse
aggregate.

B. LITERATURE REVIEW
Concrete

Cement, fine aggregate, coarse aggregate, water, and other additives are combined in a certain
ratio to form th@rimary element of concrete, which is a mixture (composite) of several
materials (Cosic et al., 2015; Wu et al., 2016). According to Yang et al. (2018), the process of
mixing concrete materials is cement paste, namely the hydration process between water and
cement, if it is added with fine aggregate it becomes a mortar and if it is added with coarse
aggregate it becomes concrete. The addition of materials and other additives will distinguish
the type of concrete, for example, steel reinforcement will be added to form reinforced
concrete. (Yao, 2018) Concrete has high compressive strength but is weak to tensile strength.
Therefore, the use of concrete in building structures is always combined with steel
reinforcement so that it can achieve high performance (Yazici & Mardani, 2017).

Fresh Concrete

Good fresh concrete, according to Liu et al. (2018), is fresh concrete that can be mixed, carried,
poured, and compacted, and there is no propensity for segregation (separate of gravel from the
mortar) or bleeding (separation of water and cement from @ mortar). This is due to insufficient
segregation and bleeding in the resultant concrete. The properties of fresh concrete include
other properties of fresh concrete, namely the ease of workability, the ease of work can be seen
from the slump value which is identical to the level of plasticity of the concrete. The more
plastic the concrete, the easier it is to work (Aoki et al., 2012).

Hard Concrete

Hardened concrete has an important meaning during its lifetime. The mechanical behavior of
hard concrete is the material's capacity to support the structure's load. Compressive strength is
a key quality of hardened concrete; when it's strong, the other properties are typically equally
good (Barnhouse & Srubar,@816). Compressive strength of concrete is affected by the quality
of its constituent materials, the value of the water-cement factor, and the water-cement ratio,
the gradation of the aggregate, the maximum size of the aggregate, the working method
(mixing, transportation, compaction, and treatment) and the age of the concrete (Tijani et al.,
2019)

Porous Concrete

According to Trisnoyuwono (2014) porous concrete is a simple form of lightweight concrete
made by reducing the use of fine grains (sand). Non-sand concrete can be known by various
terms such as non-sand concrete, no-fines concrete, permeable concrete, and pervious concrete,
the distribution of voids in the mixture evenly and interconnected (the void content ranges from
12% to 25%) causes a decrease in the density of concrete and the effective surface of the
granules which must be covered by a cement paste. Generally, the cement requirement per m3
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of concrete ranges from 70 to 130 kg, so it has a direct effect on the portion of cement in the
m3.

Application of Porous concrete

According to Trisnoyuwono (2014), Porous concrete has been widely used in several American
and European countries. Although this porous or non-sand concrete has a relatively low bearing
capacity when compared to normal concrete in general, this porous concrete is very adequate
for various applications, including low-volume pavements, residential roads, parking lots, and
sidewalks, fields, parks, school yards, and housing.

Porous Concrete Composition Material

Aggregate, The main material used in porous concrete is coarse aggregate. In SNI number
1969:2008, the grain size of coarse aggregate ranges between 4.75 mm (No. 4) to 37.5 mm
(No. 112 inch). Coarse aggregate is gravel arising from the natural disintegration of rock or
crushed stone produced by the stone crushing industry.

Portland cement, Cement portland is the most commonly utilized building material in concrete
construction. Portland cement is defined as a hydraulic cement formed by grinding clinker
composed of hydraulic calcium silicate, which typically comprises one or more kinds of
calcium sulfate that is ground along with the main ingredient (Cui et al., 2017; Lu et al., 2019).

Water, Water as a cement mixing material acts as an adhesive, so the addition of water in the
manufacture of concrete species is a very important element. The role of water as an adhesive
occurs through a hydration reaction, where cement and water will form a cement paste and
bind aggregate fragments (Debnath & Sarkar, 2020). The water used in the concrete mixture
must meet the physical and chemical requirements. This is caused when the setting and
hardening processes can run perfectly, resulting in the expected quality of concrete (Fu et al.,
2014; Yahia & Kabagire, 2014).

C.METHOD

Mix Design

The method used in this study refers to ACI 522R-10 chapter 6, namely "pervious concrete
mixture proportioning". The manufacture and testing of porous concrete were carried out at the

Civil Engineering Laboratory, Faculty of Engineering, and Mulawaraman University. The
materials used are:

1. Coarse Aggregate, Coarse aggregat@fised in this research is Palu coarse aggregate.
UtilizeEffoarse aggregates pass a 37.5 mm sieve and are retained on aff.0 mm sieve,
pass a 19.0 mm sieve and are retained on a 9.5 mm sieve, and pass a 9.5 mm sieve and
are retained on a 4.75 mm sieve. Variations in aggregate particle size are shown in
Table 1 below:
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Table 1: Variations in the grain size of the coarse aggregate used

No. | Test Object Sample Label | Variation of Aggregate Grain Size
1. Beton Porous 1 (BP1) 4.75mm — 9.5mm

2. Beton Porous 2 (BP2) 9.5 mm - 19.0 mm

3. Beton Porous 3 (BP3) 19.0 mm - 37.5 mm

2. Portland Cement, Portland cement used in this study is Tonasa Cement with a packaging
weight of 50 kg

3. Water, The water used in the manufacture of this porous concretecomes from the Civil
Engineering Laboratory, Faculty of Engineering, Mulawarman University, Samarinda.

The equipment used in the form of Physical Test Equipment for fine aggregate and coarse
aggregate, concrete nfififer for the process of mixing materials, cylindrical mold 15 ¢cm x 30 cm,
box mold measuring 40 cm x 40 ¢cm x 10 cm, scales, and molds.

D.RESULTS AND DISCUSSION

Coarse Aggregate Results and Analysis

Coarse aggregate testing in Palu included testing of coarse aggregate analysis, testing of bulk
density of coarsgjggregate, testing of specific gravity, and absorption of coarse aggregate. The
results of these tests are shown in Table 2 below

Table 2: Results of the Palu Coarse Aggregate Test

Test Type Palu Coarse Aggregate

Filter Analysis Fine Modulus of Grain =7.03
Variation BPI = 1456.60 kg/m3

Fill Weight Variation of BP2 = 1573.58 kg/m3
Veu‘i@] of BP3 = 1569.81 kg/m3

Specific Gravity 2.80 gfem ’

SSD Density 2.86 gfem?

Apparent Density 2.98 glem *

Absorption 2.15%

Mix Planning

In this study, the mix design used refers to the standard of the American Concrete Institute
(ACI) 522R-10 chapter 6. The steps for planning a porous concrete mix are as follows:

1. Determine the Bulk Density of Coarse Aggregate

Based on the content weight test that has been carried out, the value of the weight of each
variation is obtained in table 3 below:

Table 3: The value of the weight of each variable used

VariationTest object Content Weight Value(kg/ m3)
BPI 1456.60
BP2 1573.58
BP3 156981
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2. Converting Bulk Weight Value to Fine Aggregate

The weight value obtained is then converted to the coefficient of the use of fine aggregate in
the mix design. This study uses 0% fine ag@@gate in the planning of the mixture, then it is
multiplied by a coefficient value of 0.99 and the results are shown in Table 4 below:

Table 4: The results of the content weight value which have been multiplied by the fine
aggregate coefficient

VariationTest Object Converted Bulk Weight Value (kg/m3)
BP1 1442 04
BP2 1557.85
BP3 1554.11

3. Adding Aggregate Absorption Value to Bulk Weight

The aggregate absorption value is 2.15 percent. Then the bulk weight value obtained after being
converted to the fine aggregate coefficient in step 2 above is added to the absorption value. The
results can be seen in Table 5 below

Table 5: Results of converted bulk weight values plus aggregate absorption

VariationTest Object | Weight Value Converted+Absorption (kg/m3)
BP1 1473.04
BP2 1591.34
BP3 1587.53

4. Determining the Cement Water Factor

Based on ACI 522R-10 chapter 6 the water-cement factor value is 0.27-0.34 to the weight of
the cement used. In this study, the water-cement factor used was 0.3, which took the middle
value of the standard set by ACL.

5. Determine the Percent Cavity

The void content measured as percent air must be 15% or greater. Determination of the percent
void is also closely related to the value of compressive strength. The relationship between the
percent of voids and the compressive strength can be seen in Figure Ibelow:

Figure 1: Relationship between compressive strength and percent void
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In this study using a compressive strength plan of 19 MPa, then based on the graph in Figurel
the percent void value obtained is 18%.

6. Determining the Paste Volume

The volume of the paste can be determined based on the percent of voids specified in step no.
6. The relationship between the void content and the percent paste volume of mixed can be
seen in Figure 2 below:

Figure 2: The relationship between percent cavity and percent volume of pasta
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Based on the graph in Figure 2 by connecting the percent cavity value of 18 percent, the result
is that the percentage of pasta volume is 25%.

7. Determining Cement Weight

Based on ACI 522R-10 chapter 6 cement weight can be determined by the following
calcglation

C=[(Vp/(0,315+ w/cm)] x 1000
C=[(0,25/(0,315+ 0,3)] x 1000
C =406.50 kg/m3

with:

C = weight of cement
Vp = volume of pasta
w/cm = watercement factor

then the weight of cement requirement is 406.50 kg/m3

8. Determining the weight of water

Determining the weight of water using the water-cement factor value that has been determined
previously in step 5. Based on ACI 522R-10 chapter 6 the weight of the water can be
determined by the following calculation.
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W =cx (w/cm)

W =40650x0.3
W =121.95 kg/m3
with:
W = weight of water
C = weight of cement
w/cm = cement water factor
then the weight of the water requirement is 121.95 kg/m3

Compressive Strength Test
The results of H compressive strength test can be seen in Table 6 below:

Table 6: Compressive strength test results of porous concrete

Variation Test Object Compressive Strength Value(Mpa)
BP1 19.77
BP2 18.97
BP3 15.56
Source: data proceed

Based on these results, the size of the aggregate grain gradation affects the compressive
strength of porous concrete. The larger the grain size of the Palu aggregate used. the lower the
compressive strength value. Porous concrete that uses aggregates with small grain sizes has a
small porosity. Small porosity makes porous concrete denser and the bonds between aggregates
become stronger. So that when receiving a compressive force, the porous concrete becomes
more stable.

The next factor is the larger the aggregate grains used, the smaller the surface area covered by
the cement paste. Porous concrete that uses aggregates with smaller grain sizes allows the
cement paste to spread more evenly and covers more of the aggregate in the mix. This increases
the bond strength between the aggregates (Kaplan et al., 2021; Wu et al., 2022). Meanwhile,
porous concrete that uses larger aggregate grains causes the cement paste to not completely
cover the aggregate.

Permeability Test
The results of the permeability test can be seen in Table 7 below

Table 7: Permeability test results of porous concrete

Variation Test Object Permeability Value(mm/minute)
BP1 340.77
BP2 583.09
BP3 840.89
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Based on these results, the coarse aggregate grain size of the Palu affects the permeability of
the porous concrete. The larger the Palu coarse aggregate grain size, the greater the
permeability value obtained. Meanwhile, the smaller the grain size of the Palu used, the smaller
the permeability value obtained.

These results can be obtained because porous concrete by using small aggregate grains causes
a decrease in porosity. The decrease in porosity is due to the pore cavities filled with these
small aggregate grains. The decrease in porosity causes the porous concrete to become denser
and more difficult to pass water, so the permeability value obtained is small (Matar & Barhoun,
2022).

Relationship of Compressive Strength with Permeability of Porous Concrete

Based on the compressive strength and permeability tests that have been carried out, it can be
obtained a graph that connects the two values. The graph of the relationship between the
compressive strength value and the permeability value is shown in Figure 3 below:

Figure 3: Relationship between compressive strength and permeability of porous

concrete
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According to the graph, compressive strength and permeability are closely related in porous
concrete. The greater the compressive strength, the lower the porous concrete's permeability.
This also occurs when the permeability value of porous concrete is higher and its compressive
strength is lower.

These results can occur because when using aggregates with small grain sizes, the porosity will
be reduced because the voids are filled with small aggregates. thus making the porous concrete
denser and increasing the compressive strength. In addition, when using larger coarse
aggregate, the porosity will increase because the large aggregate grain size creates a large space
between the aggregates. The high porosity reduces the compressive strength value because the
porous concrete becomes less dense and reduces the adhesion between the aggregates so that
the aggregates will rub against each other when receiving compressive forces.

A large porosity value due to using aggregates with large grain sizes results in a large

@ 17121V17.108




Seybeld

REPORT

PR DOI 10.5281/zenodo.7022797

permeability value, water will more easily pass through the aggregate gap. Meanwhile, when
using coarse aggregate with small grain size, the porosity value will decrease due to the small
aggregate filling all parts of the porous concrete. A small porosity value will cause porous
concrete to take longer to pass water and be more easily covered by sedimentation.

Potential Uses of Porous Concrete

Porous concrete can be applied as a pavement material in various areas but under certain
conditions. Porous concrete has the disadvantage of being sensitive to sub grade conditions
with high groundwater levels. Therefore, its use must pay attention to the condition of the
existing land to be built. It is necessary to investigate the groundwater level in the area and
whether it is possible to build a porous concrete pavement.

Based on several studies that have been carried out related to hydro geological conditions,
especially in several areas in East Kalimantan, the application of porous concrete as pavement
can be carried out with several conditions that must be met. The first requirement that must be
met is that research on the hydrogeology of the soil must first be carried out on the land to
which porous concrete will be applied. The second requirement is that the research carried out
must be along the area where the porous concrete pavement will be built because based on
research the groundwater level can vary even though the distances tend to be not too far away.

E. CONCLUSION

Based on the results and discussions that have been presented, it can be concluded that: 1) Palu
coarse aggregate grain size greatly affects porous concrete's compressive strength and
permeability. Porous concrete that uses aggregates with small grain sizes has a high
compressive strength value but has a low permeability value. Meanwhile, porous concrete that
uses aggregates with large grain sizes has a low compressive strength value but has a high
permeability value. These results depend on the porosity value, a large porosity value due to
using aggregates with large grains produces a large permeability value but has a small
compressive strength value and vice versa. The second factor is due to the difference in surface
coverage and the space between the aggregates covered by the cement paste. Aggregates with
small grain sizes will make the cement paste cover more aggregate grains, and this does not
apply to aggregates with larger grain sizes; and 2)The highest compressive strength value of
porous concrete is BP1 variation with the aggregate grain size of 4.75 mm — 9.5 mm, which is
19.77 MPa. The second highest compressive strength value is the variation of BP2 with an
aggregate grain size of 9.5 mm — 19.0 mm at 18.97 MPa. While the lowest compressive strength
value is the variation of BP3 with an aggregate grain size of 19.0 mm — 37.5 mm at 15.56 MPa.
The highest permeability value is the variation of BP3 with an aggregate grain size of 19 mm
— 375 mm at 840.89 mm/minute. The second highest permeability value is the variation of
BP2 with an aggregate grain size of 9.5 mm — 19.0 mm at 583.09 mm/minute. The lowest
permeability value is in BP1 variation with the aggregate grain size of 4.75 mm — 9.5 mm at
340.77 mm/minute.

@ 17131V17.108




Seybeld

REPORT

PR DOI 10.5281/zenodo.7022797

REFERENCES

1. ACI A.(2010). 522R-10. Report on Pervious Concrete, American Concrete Institute, Farmington Hills,
%&:higan.

2. Ajamu, S. O., Jimoh, A. A., & Oluremi, J. R. (2012). Evaluation of Structural Performance of Pervious
Concrete in Construction. International Journgl of Engineering and Technology, 2(5), 829-836.

3. Alzahra, S. R., Taryana, D., & Masitoh, F. (2021). Identifikasi Lapisan Akuifer Kawasan Dalararmko
Mulyo, Desa Suko Mulyo, Kecamatan Sepaku, Kabupaten Penajam Paser Utara, Kalimantan Timur. Jurnal

egrasi dan Harmoni Inovatif Ilmu-Ilmu Sosial, 1(11), 1239-1256.
4. Aoki, Y., Sr Ravindrarajah, R., & Khabbaz, H. (2012). Properties of Pervious Concrete Containing Fly
sh. Road Materials and Pavement Design, 13(1), 1-11.

5. Barnhouse, P. W., & Srubar III, W. V. (2016). Material Characterization and Hydraulic Conductivity
Modeling of Macroporous Recycled-Aggregate Pervious Concrete. Construction and Building
Materials, 110, 89-97.

6. Bhutta, M. A. R., Hasanah, N., Farhayu, N., Hussin, M. W, bin Md Tahir, M., & Mirza, J. (2013).
Properties of Porous Concrete from Waste Crushed Concrete (Recycled Aggregate). Construction and
Building Materials, 47, 1243-1248.

7. Bhutta, M. A. R., Hasanah, N., Farhayu, N., Hussin, M. W, bin Md Tahir, M., & Mirza, J. (2013).
Properties of Porous Concrete from Waste Crushed Concrete (Recycled Aggregate). Construction and

uilding Materials, 47, 1243-1248.
8. Chindaprasirt, P., Hatanaka, S., Chareerat, T., Mishima, N., & Yuasa, Y. (2008). Cement Paste
aracteristics and Porous Concrete Properties. Construction and Building materials, 22(5), 894-901.
9. Cosi¢, K., Korat, L., Ducman, V., & Netinger, I. (2015). Influence of Aggregate Type and Size on

Properties of Pervious Concrete. Construction and Building Materials, 78, 69-

10. Cui, X., Zhang, J., Huang, D., Liu, Z., Hou, F., Cui, S., ... & Wang, Z. (2017). Experimental Study on the

Relationship between Permeability and Strength of Pervious Concrete. Journal of Materials in Civil
Engineering. 29(11),04017217.

11. Debnath, B., & Sarkar, P. P. (2020). Characterization of Pervious Concrete Using Over Burnt Brick as

Coarse Aggregate. Construction and Building Materials, 242, 118154, .
34

12. Elizondo-Martinez, E. J., Andrés-Valeri, V. C., Jato-Espino, D., & Rodriguez-Hernandez, 1. (2020).

Review of Porous Concrete as Multifunctional and Sustainable Pavement. Journal of Building
Engineering, 27, 100967.

13. m()nd()-Meu'linez, E. I., Andres-Valeri, V. C., Rodriguez-Hernandez, I., & Castro-Fresno, D. (2019).

Eﬂp—asal of a New Porous Concrete Dosage Methodology for Pavements. Materials, 12(19), 3100.

14. Faisal, G. H., Jacel, A. J.. & Al-Gasham, T. S. (2020). BOD and COD Reduction using Porous Concrete

Pavcmcnlﬁfasc Studies in Construction Materials, 13, e00396.

15. Fu,T.C., Yeih, W ., Chang,J. I., & Huang,R. (2014). The Influence of Aggregate Size and Binder Material

on the Properties of Pervious Concrete. Advances in Materials Science and Engineering, 2014.

16. Huang, 1., Luo,Z., & Khan, M. B. E. (2020). Tmpact of Aggregate Type and Size and Mineral Admixtures

on the Properties of Pervious Concrete: An Experimental Investigation. Construction and Building
Materials, 265, 120759.

@ 17141V 17.108




5

eybeld

REPORT

ISSN 1533-9211

7.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

DOI 10.5281/zenodo.7022797

Kaplan,G.,Gulcan, A ., Cagdas, B., & Bayraktar, O.Y. (2021). The Impact of Recycled Coarse Aggregates
Obtained from Waste Concretes on Lightweight Pervious Concrete Properties. Environmental Science and

&lluti()n Research, 28(14), 17369-17394.,

Lang, L., Duan, H., & Chen, B. (2019). Properties of Pervious Concrete Made from Steel Slag and
&gncsium Phosphate Cement. Construction and Building Malcria&?09 . 95-104.

Li,L.G. Feng,J.].,Zhu,J., Chu, S. H., & Kwan, A. K. H. (2021). Pervious Concrete: Effects of Porosity
mPermeability and Strength. Magazine of Concrete Research, 73(2), 69-79.

Lian, C., Zhuge, Y., & Beecham, S. (2011). The Relationship between Porosity and Strength for Porous
amcn:tc. Construction and Building Materials, 25(11), 4294-4298.

Liu, H., Luo, G., Gong, Y., & Wei, H. (2018). Mechanical Propertics, Permeability, and Freeze—Thaw
Eistance of Pervious Concrete Modified by Waste Crumb Rubbers. Applied Sciences, 8(10), 1843.

Liu, J., Ren, F., & Quan, H. (2021). Prediction Model for Compressive Strength of Porous Concrete with
wv-Grade Recycled Aggregate. Materials, 14(14), 3871.

Lu,J. X, Yan, X., He, P, & Poon, C. 5. (2019). Sustainable Design of Pervious Concrete using Waste
ﬁss and Recycled Concrete Aggregate. Journal of Cleaner Production, 234, 1102-1112.

Manahiloh, K. N., Muhunthan, B., Kayhanian, M., & Gebremariam, S. Y. (2012). X-Ray Computed
Tomography and Nondestructive Evaluation of Clogging in Porous Concrete Field Samples. J. Mater. Civ.
Eng, 24(8), 1103-1109.

Matar, P., & Barhoun, I. (2020). Effects of Waterproofing Admixture on the Compressive Strength and
Emcalbility of Recycled Aggregate Concrete. Journal of Building Engineering, 32, 101521.

McCain, G. N., & Dewoolkar, M. M. (2010). Porous Concrete Pavements: Mechanical and Hydraulic
Eperties. Transportation Research Record, 2164(1), 66-75.

Moretti, L., Di Mascio, P., & Fusco, C. (2019). Porous Concrete for Pedestrian Pavements. Water, 1 1(10),
2105.

Park, 5. B., Seo, D. §., & Lee, J. (2005). Studies on the Sound Absorption Characteristics of Porous
Concrete based on the Content of Recycled Aggregate and Target Void Ratio. Cement and Concrete
Esearch, 35(9), 1846-1854.

Pereira, M., Carbajo, J., Godinho, L., Amado-Mendes, P., Mateus, D., & Ramis, J. (2019). Acoustic
Behavior of porous concrete. Characterization by Experimental and Inversion Methods. Materiales De
alslruccién. 69(336), 202-202.

Sdnchez-Mendieta, C., Galdn, J. J., & Martinez-Lage, 1. (2021). Physical and Hydraulic Properties of
Porous Concrﬁ Sustainability, 13(19), 10562.

Tamai, H. (2015). Enhancing the Performance of Porous Concrete by Utilizing the Pumice
Aggregate. Procedia EnginccrinﬁZS, 732-738.

Tijani, M. A., Ajagbe, W. O., Ganiyu, A. A., & Agbede, O. A. (2019). Effect of Aggregate Type on
Properties of Pervious Concrete. Journal of Modern Technology and Engineering , 4(1), 37-46.

Toghroli, A., Shariati, M., Sajedi, F., Ibrahim, Z., Koting, S., Mohamad, E. T., & Khorami, M. (2018). A
Review on Pavement Porous Concrete using Recycled Waste Materials. Smart Struct. Syst, 22(4), 433-
440.

@ 17161V 17.108




Seybeld

REPORT

PR DOI 10.5281/zenodo.7022797

34. Wu,M.H.,Lin,C. L., Huang, W. C., & Chen, J. W. (2016). Characteristics of Pervious Concrete using
Incineration Bottom Ash in Place of Sandstone Graded Material. Construction and Building Materials, 111,

618-624.

35. Wu,R.,Shi, S., Shen, Y., Hu, C., Luo, M., Gan, Z., & Wang, Z. (2022). Effects of Different Factors on
EPcrformancc of Recycled Aggregate Permeable Pavement Concrete. Materials, 15(13), 4566.

36. Yahia, A., & Kabagire, K. D. (2014). New Approach to Proportion Pervious Concrete. Construction and
alilding Materials, 62, 38-46.

37. Yang, H., Liu,R., Zheng, Z., Liu, H., Gao, Y., & Liu, Y. (2018). Experimental Study on Permeability of
Concrete. In IOP Conference Series: Earth and Environmental Science (Vol. 108, No. 2, p. 022067). IOP

Publiﬁ]g.

38. Yao, Y.(2018). Blending ratio of Recycled Aggregate on the Performance of Pervious Concrete. Frattura
ﬁlntegritii Strutturale, 12(46).

39. Yazici, S., & Mardani-Aghabaglou, A. (2017). Effect of Aggregate Grain Size Distribution on Properties
of Permeable Concrete. Journal of Fundamental and Applied Sciences, 9(1), 323-338.

40. Zhang, F., Li, N., Guo, M., & Chi, X. (2014). Coarse Aggregate Effects on Compressive Strength and
Permeability Coefficient of Non-Fine Concrete. Electron. J. Geotech. Eng., 19, 8905-8913.

41. Zhu, H., Wen, C., Wang, 7., & Li, L. (2020). Study on the Permeability of Recycled Aggregate Pervious
Concrete with Fibers. Materials, 13(2), 321.

@ 1716 1V17.108




ANALYSIS OF THE EFFECT OF AGGREGATE GRAIN SIZE ON
COMPRESSIVE STRENGTH AND PERMEABILITY OF POROUS

CONCRETE

ORIGINALITY REPORT

19, 12, 8. O

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

ikee.lib.auth.gr

Internet Source

T

iptek.its.ac.id

Internet Source

T

Grazina Juodeikiene, Darius Cernauskas,
Karolina Trakselyte-Rupsiene, Elena Bartkiene
et al. "Acoustic-Based Screening Method for
the Detection of Total Aflatoxin in Corn and
Biological Detoxification in Bioethanol
Production", Frontiers in Microbiology, 2020

Publication

T

Jasim M. Mhalhal, Manal A. Alawsi, Thaar S.
Al-Gasham. "Decays in strength, ductility,
stiffness, and toughness of RC corbels due to
fire exposure", IOP Conference Series:
Materials Science and Engineering, 2021

Publication

T

researchoutput.ncku.edu.tw

Internet Source

T




Submitted to University of Western Sydney

Student Paper

(K

B B

bic-pk.ceon.rs

Internet Source

T

leomsociety.org

Internet Source

T

journal.trunojoyo.ac.id

Internet Source

(K

—
o

Submitted to Eastern Mediterranean

University
Student Paper

T

—
—

Mehmet Cetin, Hakan Sevik, Ismail Koc, llknur
Zeren Cetin. "The change in biocomfort zones
in the area of Mugla province in near future
due to the global climate change scenarios",
Journal of Thermal Biology, 2023

Publication

T

V. Prahatheswaran, P. Chandrasekaran.
"Experimental study on use of light weight
aggregate incorporated in SCC with
limecrete", European Journal of
Environmental and Civil Engineering, 2022

Publication

T

www.civilejournal.org

Internet Source

T




Agus Susanto, Dessi A. Koleva, Klaas van
Breugel. "The Effect of Water-to-Cement Ratio
and Curing on Material Properties of Mortar
Specimens in Stray Current Conditions",
Journal of Advanced Concrete Technology,
2017

Publication

T

—
(Op

Submitted to Krida Wacana Christian

University
Student Paper

T

—
o

www.matec-confe rences.org

Internet Source

T

avesis.ege.edu.tr
InternetSourcge <1 %
Submitted to Queen's University of Belfast
Student Paper Q y <1 %
Zhengyu Fei, Shixue Liang, Yiging Cai, Yuanxie <'I
: : %
Shen. "Ensemble Machine-Learning-Based
Prediction Models for the Compressive
Strength of Recycled Powder Mortar",
Materials, 2023
Publication
vuir.vu.edu.au
Internet Source <1 %
Submitted to Queensland University of <1 o

Technology

Student Paper



x\:eerg;tsgu(r)cts.uts.edu.au <1 o
gi?nmﬁred to University of Hong Kong <1 o
SStiE)nzr;;Ft)E?d to Victoria University College <1 o
Y dueduen <75
e oy-um.ac.(d <7«
e el com <7
Joosumentin <7
giEnZnP;EEred to University of Sheffield <1 o
||£r?tcjlr1:2t.ieufcr;anticscholar.org <1 o
iili)nrtrgigred to University of Teesside <1 o
gigmigred to University of Waikato <1 o
Iirfzefr(r?ert'rsroﬁcsedeIaconstruccion.revistas.csic.es <1 o




W
B

repositorio.unican.es

Internet Source

<1%

www.pubfacts.com
InternetSE))urce <1 %
WwWWw.X-mol.com
Internet Source <1 %
Tae-Beom Min, In-Sung Cho, Han-Seung Lee. <1
%
"Fundamental Study on the Strength
Development of Cement Paste using
Hardening Accelerator and High-Early-
Strength Cement", Journal of the Korea
Institute of Building Construction, 2013
Publication
www.mpurban.gov.in
InternetSourE)e g <1 %
Christine Peirce, Debbie A. Navin. "The <1 o
RAMESSES experiment-V. Crustal accretion at ’
axial volcanic ridge segments-a gravity study
at 57°45'N on the slow spreading Reykjanes
Ridge", Geophysical Journal International,
2002
Publication
html.rhhz.net
Internet Source <1 %
Eduardo Javier Elizondo-Martinez, Valerio <1 o

Carlos Andres-Valeri, Jorge Rodriguez-



Hernandez, Daniel Castro-Fresno. "Proposal
of a New Porous Concrete Dosage

Methodology for Pavements", Materials, 2019

Publication

Ming Yao Pan, Bo Li. "T cell receptor
) L . < |9
convergence is an indicator of antigen-specific
T cell response in cancer immunotherapies”,
Cold Spring Harbor Laboratory, 2022
Publication
adoc.tips
InternetSouI?ce <1 %
real-j.mtak.hu
InternetJSource <1 %
repository.uksw.edu
InteﬁletSourcey <1 %
vdoc.pub
InternetSEurce <1 %
B Ahmadi, W AI-Khaja. ."U.tilization of paper <1 o
waste sludge in the building construction
industry", Resources, Conservation and
Recycling, 2001
Publication
N H Abd Halim, H Md Nor, R P Jaya, A <1 o

Mohamed, M H Wan Ibrahim, N | Ramli, F M
Nazri. "Permeability and Strength of Porous
Concrete Paving Blocks at Different Sizes



Coarse Aggregate", Journal of Physics:
Conference Series, 2018

Publication

Submitted to University of East London <1
%

Student Paper

B
O

docplayer.com.br <'] o

Internet Source

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



