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Abstract 
 

Pervious concrete or non-fine concrete is a simple form of lightweight 

concrete made by eliminating fine aggregates. As a result of not using a fine 

aggregate in pervious concrete, a cavity was created, which is filled with air 

and can be passed through by water. This cavity reduced the concrete's 

density and reduced the amount of area that needs to be covered by a cement 

paste, thereby reducing its compressive strength.  Thus, this research aimed 

to determine the compressive strength and permeability of a variation of the 

pervious concrete mixture with various replacement materials. In increasing 

the compressive strength of pervious concrete and the increase in 

permeability, this research utilized waste materials. The waste materials were 

coconut shell ash and coconut shell. These materials were expected to 

strengthen the coarse aggregate bonds, so it is expected to increase the 

compressive strength along with the increase in permeability. This research 

used a laboratory model test with six samples for each variation. Thus, this 

research replaced part of the coarse aggregate with coconut shell with 

percentage 0%, 2,5%, 5%, 7,5%, 10% and partially replace cement with 

coconut shell ash with percentage 0%, 2,5%, 5%, 7,5%. 
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1 Introduction 
 

In construction, concrete is a composite building material made from a 

combination of aggregate and cement binder [1]. However, the function of 

concrete is not limited to a material to withstand the load's compressive 

strength as a structural element [2]. A lot of concrete has been modified 

through various measurements, and various types of concrete are formed 

based on their function with special abilities according to their respective 

functions. 

According to [3], non-fine concrete is called permeable concrete or 

pervious concrete. It is concrete from a mixture of cement, coarse aggregate, 

and water with added material or admixture.  Moreover, pervious concrete is 

formed using a small amount of fine aggregates or eliminates fine aggregates 

[4].  

The weakness of pervious concrete is the compressive strength that tends 

to be low [5]. This is caused by the cavities in the pervious concrete, so it has 

permeability capability by eliminating fine aggregates on concrete mixtures. 

However, because there is no fine aggregate filler, pervious concrete does not 

have a strong enough bond between the coarse aggregates. Thus, it results in 

a low compressive strength [6]. 

In some areas, it is difficult to obtain material for the manufacture of 

concrete. So, this research was done by using agricultural waste materials 

that are coconut shell and coconut shell ash. Coconut shell serves as a partial 

replacement material of coarse aggregate, and coconut shell ash serves as 

partial replacement material of cement for mixed material of pervious 

concrete. Moreover, suppose the use of ash and coconut shells can improve 

the characteristics of previous concrete. It is also expected to reduce the 

impact of environmental pollution and have economic value-added because 

those materials are recycled waste. Previously, coconut shell ash was once 

applied to conventional concrete and increased the compressive strength of 

concrete to a maximum at a percentage of cement replacement by 7.5% [7]. 

Similarly, the coconut shell can increase the conventional concrete 

compressive strength to a maximum of 5% of coarse aggregate material 

replacement [8].  

In Indonesia, the use of porous concrete has not yet been felt. Porous 

concrete is still unsuitable for high-intensity pavements and requires high 

compressive strength [9]. 

This is because of the absence of fillers in porous concrete such as fine 

aggregate to have cavities that make porous concrete have a permeability. 

Therefore, the absence of fine aggregates causes a lack of bonding 

between coarse aggregates in porous concrete, which results in decreased 

compressive strength of the concrete [10], [11]. However, the use of porous 

concrete in terms of function has an essential role for the environment.  



                             
 

 

 

 

The Influence of Ash and Coconut Shell on Compressive Strength and Permeability 

Characteristics of Pervious Concrete 686 

 

Therefore, further research is needed on porous concrete to strengthen the 

bonds between coarse aggregates in terms of coarse aggregate and cement 

materials, which are expected to increase porous concrete's permeability and 

compressive strength. 

This research used a combination of ash and coconut shell on a pervious 

concrete mixture. So it is expected that the use of these materials can 

increase the compressive strength of pervious concrete, which is one of the 

weaknesses of pervious concrete. Besides increasing the compressive 

strength, the combination of a mixture of ash and coconut shell can also 

increase porosity, permeability and reduce the density of porous concrete [8]. 

Furthermore, this research aimed to determine the compressive strength 

and permeability of a variation of the pervious concrete mixture with various 

replacement materials. This research also wanted to find out the variations of 

replacement materials that increase the compressive strength and 

permeability of pervious concrete. 

 The benefit of this research is to obtain pervious concrete with a high 

absorption rate and maximum compressive strength with a variation of 

coarse aggregate replacement material and cement replacement material 

variation. It is hoped that pervious concrete results from this research can be 

applied to light facilities such as the hard drainage layer in the exterior mall 

area, the surface layer of the park, the floor for the zoo area, and the livestock 

area. 

 

2 Research Methods 
 

This research used laboratory model test. There were six samples for 

each variation. Table 1 shows the variation of specimen. 
Table 1 Variation of Specimen 

 

  

CSA Percentage 
Total 

0% 2.5% 5% 7.5% 10% 

 

Aggregate 

Percentage 

of 

Coconut 

Shell  

0% 6 6 6 6 6 30 

2.5% 6 6 6 6 6 30 

5% 6 6 6 6 6 30 

7.5% 6 6 6 6 6 30 

  120 

 
                    2.1 Material 

    

       The coarse aggregate size used in this study was from 2.5 mm to 12.5 

mm, which is the size of no. 8 in standard ASTM C33 [12]. As a substitute 

for coarse aggregate, the material to be used is coconut shell. The coconut  
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shells that will be used are clean from their flesh and dried in the sun or oven. 

The coconut shell is then crushed into small flakes with a maximum size of 

12.5 mm x 12.5 mm. So, the size of the coconut shell is uniform with coarse 

aggregate size. 

  The cement that used for this research is Portland Cement Composite 

(PCC). Then, coconut shell ash, which is used as a substitute for some 

cement, is the ash leftover from burning coconut shell and has passed filter 

no. 200. The ash was also from the combustion of coconut shell, which is 

CSA or coconut shell containing silica or SiO2 compounds. So, CSA can be 

pozzolan [13]. 

 

                   2.2 Steps of Making and Testing Variations of Test Materials 
 

Calculation of Pervious Concrete Mix Design refers to the calculation of 

ACI 522R-10 [4 ]. Samples consisted of six samples for each variant, and 

there were 20 variations. So, the sample total was 120 pieces. 

 The cylindrical specimen's dimensions for the compressive strength test 

are 15 cm in diameter and 30 cm in height. The specimen's dimensions for 

density, porosity, and permeability tests are 10 cm in diameter and 20 cm in 

height. The specimen mixture was filled into the mold in three layers, and 

each layer was compressed by evenly puncturing 15 times. After the mixture 

sitting for about 24 hours and hardens, the sample mold was removed. 

 Then for the treatment of specimens was performed with curing method. 

Curing method was performed to soak the specimen into a water tub. The 

purpose of curing is to ensure the hydration process occurs in the concrete 

[14]. 

Before the permeability test, it was necessary to calculate the density by 

weighing the specimen. The next process was calculating the porosity of the 

pervious concrete specimen. In calculating its porosity, it was necessary to 

parameterize the specimen's weight when it is dry, the weight of the 

specimen with water, the volume of the specimen, and the density of the 

water type. The porosity calculation was done by using the following 

equation:  

wVol

WW
P




 12

    (1)      

 Where P is the total porosity (%); W1 is the weight in water (kg); W2 is 

dry weight (kg); Vol is the sample volume (cm
3
); and ρw is the water density. 

 The next step is the permeability test. This permeability test refers to 

ACI 522R-10 with the falling head permeater tool as shown in Figure 1. 

Furthermore, the calculation of permeability coefficient was obtained by 

entering the time data into the Darcy law equation: 

HAt

QL
k 

   (2)  

Where k is the permeability coefficient (cm/s); Q is the quantity of water 

collected (cm
3
); H is the water level (cm); A is the area of the sample (cm

2
); 

and T is time (s). 
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 After the permeability test, the next step is a compressive strength test. 

Compressive strength test was performed when the specimen aged 28 days 

with a compressive strength tester. 

 

 
 

Figure 1 Falling Head Permeater for Permeability Test of Pervious Concrete 

(Source: Research Documentation) 

 
3 Results and Analysis 
  
3.1 Proportional of Pervious Concrete 

 
Table 2 Proportional of Pervious Concrete Mixture 
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ervious concrete mix design is a pervious concrete proportional calculation 

to find out the need of the pervious concrete material. The material needs of 

coarse aggregates, cement, and water, as well as  
 

 

No. Coconut 

Shell  (%) 

Coconut 

Shell Ash 

(%) 

Coarse 

Aggregate 

(kg) 

Coconut 

Shell (kg) 

Cement 

(kg) 

Coconut 

Shell Ash 

(kg) 

Water 

(kg) 

1 0 0 1341,00 0,00 279,2 0 111,9 

2  2,5 1341,00 0,00 272,22 6,98 111,9 

3  5 1341,00 0,00 265,24 13,96 111,9 

4  7,5 1341,00 0,00 258,26 20,94 111,9 

5  10 1341,00 0,00 251,28 27,92 111,9 

6 2.5 0 1307,48 33,53 279,2 0 111,9 

7  2,5 1307,48 33,53 272,22 6,98 111,9 

8  5 1307,48 33,53 265,24 13,96 111,9 

9  7,5 1307,48 33,53 258,26 20,94 111,9 

10  10 1307,48 33,53 251,28 27,92 111,9 

11 5 0 1273,95 67,05 279,2 0 111,9 

12  2,5 1273,95 67,05 272,22 6,98 111,9 

13  5 1273,95 67,05 265,24 13,96 111,9 

14  7,5 1273,95 67,05 258,26 20,94 111,9 

15  10 1273,95 67,05 251,28 27,92 111,9 

16 7.5 0 1240,43 100,58 279,2 0 111,9 

17  2,5 1240,43 100,58 272,22 6,98 111,9 

18  5 1240,43 100,58 265,24 13,96 111,9 

19  7,5 1240,43 100,58 258,26 20,94 111,9 

20  10 1240,43 100,58 251,28 27,92 111,9 
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replacement materials such as coconut shells, and coconut shell ash, have 

been calculated and presented in Table 2. 

 From Table 2, the aggregate requirement decreases as the percentage of 

coarse aggregate replacement with coconut shell increases. Similarly, the 

need for cement decreases as the percentage increase of cement replacement 

with coconut shell ash. Conversely, the need for coconut shell and coconut 

shell ash increases as the percentage increases. Furthermore, water needs are 

not affected by the percentage of coconut shell or coconut shell ash. 

 

3.2  Effect of Variation Mixture of Ash and Coconut Shell on 
Pervious Concrete Characteristic Test Results 
  

Test results of density test, porosity, compressive strength, and 

permeability of specimens have been summarized and can be seen in Table 

3. Table 3 shows that the increasing percentage of ash and coconut shell use 

increases the percentage of porosity and permeability of specimens. 

Conversely, density decreases with increasing percentage of ash and coconut 

shell use. Increased compressive strength occurs in the use of ash of coconut 

shell by 2.5% ie from 4.94 MPa to 7.85 MPa, then the compressive strength 

of the test object decreases. Increased maximum compressive strength 

occurs in the use of coconut shell with 2.5% percentage and 0% ash from 

4.94 MPa to 8.35 MPa, then the compressive strength of the test object 

decreases. 

 From Table 3, it can be seen also that mixed combination of coconut 

shell with coconut shell ash did not increase compressive strength. This can 

be clearly seen in the variation. 7 in Table 3, wherein the compressive 

strength of the specimen decreases as its porosity increases due to the shrink 

process of coconut shell material. As a result of the aggregate development 

process, the dimensions of the coconut shell aggregate increase so as to 

allow for pressure by the coconut shell aggregate in the mixture during the 

process of mixing and treating the specimens by soaking. Conversely after 

the concrete is soaked for 28 days, and dried for a day before the 

compressive strength test, it is possible to occur aggregate shrinkage due to 

evaporation of water in the concrete. This will result in the diminution of the 

aggregate dimensions of the coconut shell and enable the creation of new 

cavities in the space it occupies during the development process. Therefore, 

it can be concluded that the combination of coconut shell mix with coconut 

husk ash is not suitable to increase the compressive strength of the 

specimen. 

   Generally, as the pervious concrete strength increases, the pervious 

concrete permeability decreases, and vice versa. However, in increasing the 

use of coconut shell from 0% to 2.5% found the compressive strength of the 

specimen increases with the increase of permeability. The enhancement of 

the compressive strength occurred from 4.94 MPa to 8.35 MPa, and 

increased permeability from 0.382 cm / s to 0.417 cm/s. 
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Table 3 Data Test Result of Specimen 

 

No. Coconut 

Shell  

(%) 

Coconut 

Shell 

Ash (%) 

Density 

(kg/m
3
) 

Porosity 

(%) 

Compressive 

Strength 

(MPa) 

Permeability 

(cm/s) 

1 0 0 1754,24 17,18 4,94 0,382 

2  2,5 1779,7 17,82 7,85 0,38 

3  5 1696,97 18,14 5,08 0,398 

4  7,5 1677,88 19,52 4,18 0,403 

5  10 1673,64 19,73 3,07 0,406 

6 2.5 0 1746,82 21,85 8,35 0,417 

7  2,5 1708,64 24,82 6,08 0,445 

8  5 1705,45 23,86 4,9 0,449 

9  7,5 1695,91 24,82 3,86 0,46 

10  10 1711,82 25,14 2,67 0,465 

11 5 0 1737,27 25,45 4,46 0,46 

12  2,5 1711,82 25,45 3,67 0,46 

13  5 1639,7 26,94 3,1 0,518 

14  7,5 1603,64 28 2,67 0,536 

15  10 1663,03 27,36 1,56 0,527 

16 7.5 0 1660,91 27,36 4,37 0,584 

17  2,5 1616,36 28 3,26 0,589 

18  5 1610 28,64 2,82 0,594 

19  7,5 1603,64 29,27 1,63 0,62 

20   10 1599,39 30,12 1,24 0,639 

 

 

3.3 The Effects of Mixture of Ash and Coconut Shells on 
Pervious Concrete Characteristics 
 

3.3.1 The Effect of Ash and Coconut Shell Mixture to Density and 
Porosity 

 

The effect of mixture of ash and shell on parameter relation between 

density with porosity has been presented in graphical form in Figure 2. From 

Figure 2, it can be seen that the higher the porosity increase, the density will 

also decrease. 

Decrease of specimens weight of the specimen occurs, because of the 
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lightness of the coconut shell as a coarse aggregate replacement material. In 

addition, as written in a journal entitled "Characteristic Lightweight 

Concrete Using Coconut Shell as Substitute Aggregate of Coarse" (2010), 

porosity increase can be caused by coconut shell aggregate development and 

shrinkage process of coconut shell resulting in changes of coconut shell 

dimension from mixing to the treatment process speciment. 

 

 
 

Figure 2 Graph of the Relationship between Density and Porosity 
 

3.3.2 The Effect of Ash and Coconut Shell Mixture to 28 Days and 
Density 

 

The influence of a mixture of ash and shell on the relationship between 

the parameters of the compressive strength of the concrete age of 28 days 

with the density has been presented in graphic form in Figure 3. From Figure 

3, although the degree of slope of the linear pattern is slightly different, but 

the earlier study with the results still have in common. 

 

 
 

Figure 3 Graph of the Relationship between Compressive Strength and Density 
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The similarity of the respective research that, with increasing density 

concrete, the compressive strength increases as well according to [4]. The 

difference, some point to the results of the study have a compressive 

strength similar to previous studies, but the density of research currently 

tend to be lighter than previous studies. The lighter weight of the research 

results may be due to partial replacement of coarse aggregates with by 

coconut shell and partial replacement of cement with coconut shell ash. Due 

to the coconut shell weighs and the coconut shell lighter than the coarse 

aggregate weights. 
 

3.3.3 The Effect of Ash and Coconut Shell Mixture to 
Compressive Strength and Porosity 
 

The effect of mixture of ash and shell on the parameter relation between 

compressive strength of the concrete age of 28 days old concrete with 

porosity has been presented in graphic form in Figure 4. Looking at Figure 

4, although the degree of slope of the linear pattern is slightly different, but 

the earlier study with the results still have in common. 

 
 

Figure 4 Graph of the Relationship between Compressive Strength and Porosity 

 

       From the graph of each study in Figure 4, it is explained that the higher 

porosity, the compressive strength of pervious concrete decrease. [15] 

obtained results as in Figure 4 because they were influenced by rough 

aggregate size variations. While [10] obtained the results as in Figure 4 

because it is influenced by a variety of coarse aggregate sizes, and the 

thickness of cement paste.  

 

3.3.4 The Effect of Ash and Coconut Shell Mixture to Porosity 
and Permeability 

 

The effect of ash and coconut shell mixture on parameter relation 

between permeability and porosity has been presented in graph form in 

Figure 5. Figure 5 shows that the three studies have different degrees of 

slope of linear line. 
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Figure 5 Graph of the Relationship between Permeability and Porosity 

 

Although each study has different degrees of slope, Figure 5, still shows 

that the higher the porosity the higher the permeability. Although the 

percentage of porosity is the same, it does not mean that the permeability is 

the same. This is because the pervious concrete pores are not necessarily 

directly connected, so the water does not flow down directly. However, the 

increase in permeability is affected by the percentage of porosity [4]. 
 

3.3.5 The Effect of Ash and Coconut Shell Mixture to 
Compressive Strength and Permeability 

 

The effect of mixture of ash and shell on parameter relation between 

compressive strength with permeability has been presented in graphic form 

in Figure 6. Figure 6, shows that along with increasing compressive strength, 

porous concrete permeability capability decreases. Likewise, on the 

contrary, as the increasing of permeability, the compressive strength of 

pervious concrete decreases. This can be due to the concrete density, where 

the more dense concrete the percentage of porosity decreases. Because of the 

low porosity percentage, the permeability will be low [4]. 

 

 
 

Figure 6 Graph of Relationship between Permeability and Compressive Strength 
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In this study was found, where permeability increases along with the 

increase in compressive strength. This happens to a combination of a 0% 

coconut shell with 0% ash mixture to a combination of a coconut shell of 

2.5% with 0% ash mixture. The data of the test results can be seen in Table 

3. 

 
3.4  Charactheristic of Crack in Speciment after Compressive 

Strength Test 
 

 Characteristics of cracking of specimens from before until the specimens 

have been tested for compressive strength will be discussed. In Figure 7 

shows the condition of the specimen before the compressive strength test. 

When testing the compressive strength, the specimens in this study tend to 

begin to  

crack in the middle of the test specimen. Figure 8 shows, in the red circle is 

the cracked model of the specimen when in a compressive strength test the 

crack starts at the center of the specimen. From the crack, the test object 

starts to crumble in the middle of the test specimen which can be seen in 

Figure 9.  

 

 
 

Figure 7 Condition of Specimen before Being Compressive Strength Test 

(Source: Research Documentation) 

 

 
 

Figure 8 Condition of Specimen When Being Compressive Strength Test 

(source : research documentation) 
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Figure 9 Condition of Specimen after Compressive Strength Test 

(Source: Research Documentation) 

 

4 Conclusions 
 

Based on the results of the analysis obtained the results of the analysis as 

follows, increased compressive strength of pervious concrete by partial 

replacement of cement with coconut shell ash only occurs in 0% coconut 

shell mixture with ash percentage from 0% to 2.5% ie from 4.94 MPa to 

7.85 MPa. Furthermore, the compressive strength decreases in the 

percentage of shell ash over 2.5% ie the compressive strength is below 7.85 

MPa. Increased maximum compressive strength of pervious concrete occurs 

with partial replacement of coarse aggregate with coconut shell of 0% to 

2.5% without cement replacement with coconut shell of 4.94 MPa up to a 

maximum of 8.35 MPa. Furthermore, the compressive strength decreases in 

the percentage of coconut shell above 2.5% ie the compressive strength is 

below 8.35 MPa. 

As coconut shell and coconut shell ash percentage increase, porosity and 

permeability continue to increase and density getting lighter. Increased 

maximum permeability of pervious concrete occurs in variation of partial 

replacement percentage of coarse aggregate with coconut shell of 7.5% and 

partial replacement percentage of cement with coconut shell ash as 10%. 

As the permeability increases, the compressive strength should be 

decrease. However, in the aggregate replacement variation with the coconut 

shell percentage of 0% to 2.5%, the compressive strength increases with 

increasing permeability. The compressive strength increases from 4.94 MPa 

to 8.35 MPa and permeability increases from 0.382 to 0.417 cm/s. After that 

the compressive strength decreases from the percentage of the shell 2.5% 

upwards the compressive strength is below 8.35 MPa, while the permeability  

increases steadily from the percentage of coconut shell 0% upwards with 

permeability coefficient starting from 0.382 cm/s. 
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The shape of pervious concrete destruction is always brittle, and starting 

from the center of the test specimen, so the possibility of pervious concrete 

tension is too weak. Since the probability of pervious concrete tension is too 

low, it is less suitable to be used as a rigid pavement. Specimen of variation 

coconut shell mixture 2.5% and ash 0% included in the quality of concrete 

K100, so it can still and suitable for light facilities Combination between 

coconut shell with coconut shell ash does not match, because it does not 

increase compressive strength. 

Although the shrinkage of coconut shell aggregates causes enlargement 

of cavities on the specimen causing a decrease in compressive strength, but 

on other characteristics increases such as increased porosity, permeability 

and density getting lighter. 
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