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Abstract 

Massive infrastructure development in East Borneo has reduced the water catchment area. One of the efforts to overcome 

this is by implementing porous paving with superplasticizer and local materials to improve quality, overcome material 

scarcity, and save costs. The purpose of this study was to determine the best layer variation of porous paving using Palu and 

Senoni materials with variations of 1/4, 1/2, and 3/4 of Senoni aggregate. In this study, the test object was made in the form 

of a beam with a quality of concrete planned at K300 MPa according to the compressive strength, flexural strength, porosity, 

and permeability values tested at the ages of 7, 14, 21, and 28 days. Based on the results, the variant layer of 1/4 Senoni 

obtained maximum compressive strength, flexural strength, porosity, and permeability of 17.306 MPa, 3.984 MPa, 18.120%, 

and 0.216 cm/second at the age of 28 days, respectively. Thus categorized this combination as C quality. Which was included 

in the C quality group with an application as a pedestrian area. According to the permeability result, double-layer porous 

paving can accelerate water absorption on the surface to prevent waterlogging when it rains. The increasing variation of 

layers in double-layer porous paving affects the compressive strength, flexural strength, porosity, and permeability. 

Keywords: Paving Porous Double Layer; Senoni Material; Palu Material; Compressive Strength; Porosity. 

 

1. Introduction 

Several cities in Indonesia experience flooding problems due to high rainfall and also because the land is closed, 

which can absorb rainwater inward. One of them is in Samarinda City. Many vacant lands that previously functioned as 

water catchment areas are now covered by the construction of housing, buildings, shopping centers, and road pavements 

that mostly use asphalt or concrete. These materials have waterproof properties, which causes puddles on the road 

surface. To overcome these problems, it is necessary to create road construction using materials to increase water 

catchment areas, one of which is porous paving. 

The characteristic of porous paving with high porosity and permeability causes water to pass through the pavement, 

reducing runoff and refilling groundwater [1]. The weakness of porous paving is that it has low compressive strength. 

This is because there are cavities in the mixture [2–4]. Previous studies have been carried out to increase the compressive 

strength of porous paving, including using fly ash [5-7], using fiber [8, 9], and using porous paving, whose compressive 

strength is inversely proportional to its permeability [4, 10, 11]. To maximize the function of porosity in porous concrete, 

Manan et al. maximize the use of sand to increase the compressive strength of porous concrete [12]. 
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Porous paving with high permeability has low compressive strength; thus, a superplasticizer was used to improve 

the quality of porous paving in this study. Superplasticizer is a chemical admixture mostly used to improve 

implementation performance [5, 13, 14]. One type of superplasticizer is Sikament-NN, which can be used with a 

dose of 0.3–2.3% of the cement weight, depending on the workability and compressive strength of the planned 

concrete [10]. Based on the trend test results, the average compressive strength graph has increased by increasing 

the percentage by 1.3% and 1.8% and has decreased with the addition of 2.3% [9]. The optimum concrete 

compressive strength is obtained by adding a superplasticizer content of 2% [15]. In addition to using added materials 

to improve the quality of porous paving, using local materials as construction materials is needed to overcome 

material scarcity and save costs. 

When viewed by the number of layers, porous concrete consists of two types. The first is 1-layer porous concrete 

[16]. This type of porous concrete is more commonly used because it is easier and faster. Like the research conducted 

by Liu et al. [17] and Gomez et al. [18]. Second is two-layer porous concrete, as done by Euniza et al. This study uses 

two types of materials that have different qualities to maximize the function of each layer [19]. 

Road construction, particularly in Samarinda, still depends on the supply of materials imported from Central 

Sulawesi. Therefore, the use of local materials as alternative construction materials needs to be developed. From Table 

1, the results of testing local aggregates in East Kalimantan show that the use of Senoni aggregates in concrete mixtures 

produces the highest compressive strength value compared to aggregates from other regions. In terms of texture, Senoni 

aggregate is good for concrete mixes. 

Table 1. East Kalimantan aggregate test results (Abdi et al. (2019) [20]) 

Properties 
Coarse Aggregate 

Specification 
Senoni Log Iram Batu Besaung Penajam Sambera 

Water content 0.32% 1.10% 0.45% 0.85% 1.12% 3  5% 

Mud content 0.92% 0.98% 0.29% 1.06% 1.53% 1% 

Specific gravity 2.64 2.62 2.55 2.66 2.66 2.5  2.7 

Water absorption 0.44% 1.12% 0.88% 2.05% 2.05% Max. 3% 

Fineness modulus 7.9 7.3 8 8 8 5  8 

Mix fineness modulus 6.2 5.9 6 5.7 5.5 5  6 

Eternity 0.7% 1.40% 6.30% 8.50% 10.80% Max. 12% 

Abrasion 22.70% 25.35% 26.48% 25.71% 25.40% Max. 40% 

In addition, the long distance between Samarinda City and Palu City, which has to cross the island, causes shipping 

costs to be more expensive and the impact on Palu material prices to be more expensive compared to local materials. 

So, using local materials can save on construction costs and be more economical. Based on this, the researchers tried to 

combine the use of these materials in the manufacture of double-layer porous paving to find out the best layer variations 

using Palu and Senoni chipping materials, as well as using superplasticizer-added materials to improve the quality of 

double-layer porous paving, which will be applied to infrastructure development in Samarinda. 

2. Materials and Methods 

2.1. Methods 

In this research, several stages are needed to get results in accordance with the objectives to be achieved. The 

implementation steps are explained in the following flowchart (Figure 1). 

2.2. Materials 

A paving block is a building material made from a mixture of Portland cement, water, and aggregate with or without 

additives that do not reduce the quality of the concrete [21]. The physical properties based on the quality of concrete 

brick are shown in Table 2 [22]. There are four types of quality: A, B, C, and D, which categorized into suitable 

applications. 
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Figure 1. Research flow chart 

Table 2. Physical Properties 

Quality Application 
Compressive Strength (MPa) Wear Resistance (mm/minute) Maximum water 

absorption (%) Average Min Average Min 

A Road 40 35 0.090 0.103 3 

B Parking 20 17 0.130 0.149 6 

C Pedestrians 15 12.5 0.160 0.184 8 

D Parks 10 8.5 0.219 0.251 10 

Porous paving is concrete without sand with a void so water can pass through. Porous paving is made from a mixture 

of cement, aggregate, water, and other materials without reducing the quality of the porous paving. Material testing is 

carried out to determine the characteristics, quality, and other parameters needed in the porous paving mix design. 

Material testing is carried out on all materials used in the porous paving mixture. Results on the testing of Tonasa cement, 

Palu, and Senoni chipping are shown in Tables 3 and 4. 
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Table 3. Properties of Tonasa cement 

Properties Standard Test Method Specification Results Information 

Normal Consistency SNI 03-6826-2002 [22] 2430% 24.3% Qualify 

Setting Time SNI 03-6827-2002 [23] 45375 minutes 80 minutes Qualify 

Specific Gravity SNI 15-2531-2015 [24] 3.003.20 3.06 Qualify 

Table 4. Properties of Palu and Senoni chipping 

Properties Standard Test Method Specification 
Results 

Information 
Palu Senoni 

Specific Gravity 
SNI 03-1969-2008 [25] 

2.5  2.7 2.66 2.64 Qualify 

Water Absorption Max. 3% 1.85% 1.87% Qualify 

Fineness Modulus SNI 03-1968-1990 [26] 5  8 7.62 7.58 Qualify 

Water Content SNI 03-1971-2011 [27] Max. 2.5% 0.70% 0.70% Qualify 

Unit Weight SNI 03-4804-1998 [28] Min. 1.3 gr/cm³ 1.51 gr/cm³ 1.52 gr/cm³ Qualify 

Mud Content SNI 03-4141-1996 [29] 1% 0.75% 0.10% Qualify 

Abrasion SNI 03-2417-2008 [30] 40% 20.44% 22.07% Qualify 

The cement used to manufacture double-layer porous paving is PCC cement (Portland Cement Composite) type I 

product Tonasa. The aggregate used to manufacture double-layer porous paving is Palu and Senoni chipping from PT. 

Borneo Prima Material and PT. Bumi Sinar Kencana Company, which passed the 3/8” sieve and was retained on the 

No. 8 sieve with an aggregate size of 2.36–9.5 mm. The properties of the quality of Palu and Senoni chipping are shown 

in Table 4. 

The superplasticizer used to manufacture double-layer porous paving is Sikament-NN-type Naphthalene 

Formaldehyde Sulphonate from supplier Sika Balikpapan. The properties of Sikament-NN are listed in Table 5 [31]. 

Table 5. Properties of Sikament-NN 

Technical Data 

Type Modified Naphthalene Formaldehyde Sulphonate 

Color Dark Brown 

Specific gravity ± 1.17  1.19 kg/liter 

Age and Storage 
At least one year if stored in the original unopened 

packaging in a dry, cool and shady place 

Packaging Drums 240 kg 

Based on the results in Tables 3 to 5, testing on Tonasa cement, Palu and Senoni chipping, and Sikament-NN 

technical data indicate that the materials conform to the Indonesian National Standard for porous concrete mixtures. 

2.3. Test Preparation 

The mix design in this study refers to ACI 522R-10 for porous concrete, which uses a superplasticizer with the 

absence of fine aggregate. In the design of this porous paving mix, a composition of 1 m³ of concrete will be obtained 

for the porous paving mix with a length of 20 cm, a width of 10 cm, and a thickness of 8 cm. The design of the porous 

paving composition with various layer combinations is shown in Figure 2, and the total number of tests conducted on 

the block is shown in Table 6. 

  

(a) Paving porous full Palu (b) Paving porous full Senoni 
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(c) Paving porous double layer 1/4 Senoni (d) Paving porous double layer 1/2 Senoni 

  

(e) Paving porous double layer 3/4 Senoni (f) Paving porous mixing aggregate 25% Senoni 

  

(g) Paving porous mixing aggregate 50% Senoni (h) Paving porous mixing aggregate 75% Senoni 

Figure 2. Dimensions and variations of porous paving layers-(a) Paving porous full Palu (b) Paving porous full Senoni (c) 

Paving porous double layer 1/4 Senoni (d) Paving porous double layer 1/2 Senoni (e) Paving porous double layer 3/4 Senoni 

(f) Paving porous mixing aggregate 25% Senoni (g) Paving porous mixing aggregate 50% Senoni (h) Paving porous mixing 

aggregate 75% Senoni. 

Table 6. Total of test objects 

Variation 

Compressive Strength Flexural Strength Porosity and Permeability 

Results  Age (Days) 

7 14 21 28 7 14 21 28 7 14 21 28 

PPFP 3 3 3 3 - - - 3 - - - 3 18 

PPDL-0.25S 3 3 3 3 - - - 3 - - - 3 18 

PPMA-25%S 3 3 3 3 - - - 3 - - - 3 18 

PPDL-0.5S 3 3 3 3 - - - 3 - - - 3 18 

PPMA-50%S 3 3 3 3 - - - 3 - - - 3 18 

PPDL-0.75S 3 3 3 3 - - - 3 - - - 3 18 

PPMA-75%S 3 3 3 3 - - - 3 - - - 3 18 

PPFS 3 3 3 3 - - - 3 - - - 3 18 

Total 144 

Remarks: PPFP= Paving Porous Full Palu; PPDL-0.25S= Paving Porous Double Layer 1/4 Senoni; PPMA-25%S= Paving 

Porous Mixing Aggregate 25% Senoni; PPDL-0.5S= Paving Porous Double Layer 1/2 Senoni; PPMA-50%S= Paving Porous 

Mixing Aggregate 50% Senoni; PPDL-0.75S= Paving Porous Double Layer 3/4 Senoni; PPMA-75%S= Paving Porous Mixing 

Aggregate 75% Senoni; PPFS= Paving Porous Full Senoni. 

Based on Table 6, the total of testing porous paving and making the job mix formula following ACI 522R-10 

obtained the results of material requirements for each variation of mixture double layer porous paving, aggregate mixing, 

and porous cube from Palu and Senoni chipping materials, which are shown in Tables 7 and 8. 
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Table 7. Paving and cube porous mix design Palu chipping 

Variation Total Volume 
Material Requirements 

Cement Sikament-NN Water Palu Chipping 

KP 12 0.049 16.15 0.332 4.154 71.665 

PPFP 24 0.035 11.15 0.236 2.954 50.962 

PPDL-0.75P 24 0.026 8.862 0.177 2.215 38.222 

PPMA-75%P 24 0.035 8.862 0.177 2.215 38.222 

PPDL-0.5P 24 0.017 5.908 0.118 1.477 25.481 

PPMA-50%P 24 0.035 5.908 0.118 1.477 25.481 

PPDL-0.25P 24 0.009 2.954 0.059 0.738 12.741 

PPMA-25%P 24 0.035 2.954 0.059 0.738 12.741 

Total 63.877 1.278 15.969 275.513 

Table 8. Paving and cube porous mix design Senoni chipping 

Variation Total Volume 
Material Requirements 

Cement Sikament-NN Water Senoni Chipping 

KS 12 0.049 16.615 0.332 4.154 71.846 

PPFP 24 0.035 11.815 0.236 2.954 51.091 

PPDL-0.25S 24 0.009 2.954 0.059 0.738 12.773 

PPMA-25%S 24 0.035 2.954 0.059 0.738 12.773 

PPDL-0.5S 24 0.017 5.908 0.118 1.477 25.545 

PPMA-50%S 24 0.035 5.908 0.118 1.477 25.545 

PPDL-0.75S 24 0.026 8.862 0.177 2.215 38.318 

PPMA-75%S 24 0.035 8.862 0.177 2.215 38.318 

Total 63.877 1.278 15.969 276.209 

Making porous paving is similar to making concrete without sand. However, it is still necessary to pay attention 

to accuracy so that the porous concrete produced is in accordance with what is expected. Mixing porous concrete can 

be divided into two, manually or using a machine (Molen). The difference between making double-layer porous 

paving and mixing aggregate lies in the method of manufacture; double-layer porous paving is made in layers based 

on the planned variation of layers, while for porous mixing, the aggregates used are mixed into one homogeneous 

mixture. The samples were made using a hydraulic paving block press (250 kg/m³) and vibrated for 4 seconds using 

a vibrator until solid. The end of making porous double-layer paving and mixing aggregates is removed from the 

hydraulic press to continue curing the test specimens using burlap sacks that have been moistened with water for ± 1 

day to avoid unwanted heat of hydration and ensure hydration reactions of cement compounds, including additives, 

can take place optimally so that the expected quality of concrete can be achieved. Next, the double-layer porous paving 

and aggregate mixing were dried in the sun to reduce the volume of water contained in the sample after the treatment 

process. Samples that have been made and treated will be tested, and the data will be taken for later processing test 

results, which will later conclude the data. 

2.4. Test Method 

2.4.1. Compressive Strength 

This test aims to determine the pressure's strength at the age of 7, 14, 21, and 28 days. The compressive strength of 

the porous concrete obtained ranges from 2.8−28 MPa [15]. Compressive strength testing uses a compression testing 

machine. In general, the compressive strength of double-layer porous paving is calculated using Equation 1: 

𝑓c
′ =

P

A
  (1) 

with 𝑓’𝑐 is compressive strength (MPa), 𝑃 is maximum load (𝑁), and 𝐴 is cross-sectional area (mm2). 

2.4.2. Flexural Strength 

This test purposes to determine the flexural strength at the age of 28 days that was conducted using a hydraulic 

concrete beam testing machine. The flexural strength of the porous concrete obtained is in the range of 1–3.8 MPa [15]. 



Civil Engineering Journal         Vol. 9, Special Issue, 2023 

158 

 

In general, the flexural strength of double-layer porous paving is calculated using Equation 2 [3]. 

𝑅 =
3.P.L

2.b.d2
  (2) 

with 𝑅 is modulus of rupture (MPa), 𝑃 maximum load (N), 𝐿 is span length (mm), 𝑏 is average width of a specimen at 

the fracture (mm), 𝑑 is average depth of specimen at the fracture (mm). 

2.4.3. Porosity 

The porosity test is to determine the percentage of voids at the age of 28 days. Porosity testing is based on comparing 

the weight of water and air in the sample with the weight of the solid sample using digital and water scales. The porosity 

value of the porous concrete obtained ranges from 15–35% [15]. In general, the porosity of double-layer porous paving 

is calculated using Equation 3 [4]. 

n = 
B−A

B−C
 ×100%  (3) 

with 𝑛 is volume of permeable pore space (voids) (%), 𝐴 is mass of oven-dried sample in the air (gr), 𝐵 is mass of 

surface-dry sample in the air (gr), 𝐶  is apparent mass of sample in water (gr). 

2.4.4. Permeability 

Permeability test is to determine the speed of water flows through the sample at the age of 28 days using a 

permeability measuring machine. The permeability value of the porous concrete obtained is in the range of 0.14–1.22 

cm/second [15]. In general, the permeability of double-layer porous paving is calculated using Darcy law with the 

Equation 4. 

dq

A.dt
= k

dh

L
  (4) 

with 𝑑𝑞 is water volume (m³), 𝑑𝑡 is flow time (s), 𝐴 is cross-sectional area (m2), 𝑑ℎ is falling water height (m), 𝐿 is 

thickness of the sample (m), and 𝑘 is permeability coefficient (m/s). 

3. Results and Discussion 

3.1. Porous Paving Test Results 

Data analysis of the test results was carried out to determine the porous paving mixture's variation in the compressive 

strength, flexural strength, porosity, and permeability values. The data from the recapitulation of porous paving tests at 

the age of 28 days is shown in Table 9. 

Table 9. Recapitulation of porous paving test results at the age of 28 days 

Variation Compressive Strength (MPa) Flexural Strength (MPa) Porosity (%) Permeability (cm/second) 

PPFP 18.542 4.531 17.385 0.208 

PPDL-0.25S 16.440 3.984 18.120 0.216 

PPMA-25%S 18.102 4.453 17.436 0.209 

PPDL-0.5S 16.006 3.828 18.551 0.219 

PPMA-50%S 17.697 4.297 17.710 0.211 

PPDL-0.75S 15.623 3.672 18.978 0.222 

PPMA-75%S 17.233 4.063 17.990 0.214 

PPFS 15.265 3.594 19.111 0.223 

Based on Table 9, in the variation of full Palu porous paving, the highest compressive and flexural strength values 

are 18.542 MPa and 4.531 MPa, where the lowest porosity and permeability values are 17.383% and 0.208 cm/second. 

The variation of full Senoni porous paving obtained the lowest compressive and flexural strength values of 15.265 MPa 

and 3.594 MPa, where the largest porosity and permeability values were 19.111% and 0.223 cm/second. The variation 

of porous paving using layer and mixing methods results in compressive strength, flexural strength, porosity, and 

permeability values between the limits of the full Palu and Senoni porous paving. The variation of mixing porous paving 

with 25% Senoni aggregate obtained the highest compressive and flexural strength values of 18.102 MPa and 4.453 

MPa, while the lowest porosity and permeability values were 17.436% and 0.209 cm/second. The variation of double-

layer porous paving 3/4 Senoni obtained the lowest compressive and flexural strength values of 15.623 MPa and 3.672 

MPa, where the largest porosity and permeability values were 18.978% and 0.222 cm/second. 
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3.2. Relations Between Compressive Strength, Flexural, Porosity, and Permeability 

The relationship between compressive strength, flexural strength, porosity, and permeability of double-layer porous 
paving and aggregate mixing is used to determine the best layer variation using Palu and Senoni chipping materials and 
using superplasticizer as an added material to achieve optimum results. The relationship between the values of 
compressive strength, flexural strength, porosity, and permeability can be shown in Figures 3 to 6. 

 

Figure 3. Relations between Compressive Strength and Flexural Strength of Porous Paving 

 

Figure 4. Relations Between Porosity and Flexural Strength of Porous Paving 

 

Figure 5. Relations between Porosity and Compressive Strength of Porous Paving 

3.50

3.60

3.70

3.80

3.90

4.00

4.10

4.20

4.30

4.40

4.50

4.60

15.00 16.00 17.00 18.00 19.00

F
le

x
u

r
a

l 
S

tr
e
n

g
th

 (
M

P
a

)

Compressive Strength (MPa)

Relations Between Compressive Strenght and Flexural Strenght 

of Porous Paving

FP DL 0.25S

MA 25%S DL 0.5S

MA 50%S DL 0.75S

MA 75%S FS

3.50

3.60

3.70

3.80

3.90

4.00

4.10

4.20

4.30

4.40

4.50

4.60

16.00 17.00 18.00 19.00 20.00

F
le

x
u

r
a

l 
S

tr
e
n

g
h

t 
(M

P
a

)

Porosity (%)

Relations Between Porosity and Flexural Strenght of

Porous Paving 

FP DL 0.25S

MA 25%S DL 0.5S

MA 50%S DL 0.75S

MA 75%S FS

15.00

15.50

16.00

16.50

17.00

17.50

18.00

18.50

19.00

19.50

20.00

16.00 17.00 18.00 19.00 20.00

C
o

m
p

r
e
ss

iv
e
 S

tr
e
n

g
h

t 
(M

P
a

)

Porosity (%)

Relations Between Porosity and Compressive Strenght of 

Porous Paving

FP DL 0.25S

MA 25%S DL 0.5S

MA 50%S DL 0.75S

MA 75%S FS



Civil Engineering Journal         Vol. 9, Special Issue, 2023 

160 

 

 

Figure 6. Relations between Porosity and Permeability of Porous Paving 

Based on Figures 2 to 5, it can be concluded that the compressive strength of porous paving is directly proportional 

to the value of flexural strength but inversely proportional to the values of porosity and permeability. The greater the 

compressive strength and flexural strength of porous paving, the smaller the porosity and permeability of porous paving, 

and vice versa. This is because in the case of large pores, the friction between the aggregates will be greater and the 

bonds between the aggregates will be weaker, hence the compressive strength will decrease. As for the variation of 

porous paving using the mixing method, it has a higher compressive strength value because the aggregates are spread 

evenly and the aggregate mixture obtained is quite maximal because the aggregates bind to each other, in contrast to 

using the layer method, where there is a barrier between Senoni chipping layers and chipping Palu, so that when testing 

the compressive strength of the top layer, it first collapses, which causes the aggregate bond to become weaker and the 

compressive strength to decrease significantly. 

3.3. Porous Paving Quality Group 

Based on the calculation of the average compressive strength of all variations of porous paving, then grouping the 

quality of porous paving for each variation by SNI 03-0961-1996 is categorized into two groups, B and C, as shown in 

Table 10. 

Table 10. Quality group and implementation of porous paving 

Variation Compressive Strength (MPa) Quality Paving Porous Application Paving Porous 

PPFP 18.542 B Parking 

PPDL-0.25S 16.440 C Pedestrians 

PPMA-25%S 18.102 B Parking 

PPDL-0.5S 16.006 C Pedestrians 

PPMA-50%S 17.697 B Parking 

PPDL-0.75S 15.623 C Pedestrians 

PPMA-75%S 17.233 B Parking 

PPFS 15.265 C Pedestrians 

From the quality grouping data in Table 10, for variations of full Palu porous paving, mixing aggregates porous 

paving 25%, 50%, and 75% Senoni with compressive strength values of 18.542 MPa, 18.102 MPa, 17.697 MPa, and 

17.233 MPa are included in the B quality group with implementation as a place for parking. Variations of double -

layer porous paving 1/4, 1/2, and 3/4, as well as full Senoni porous paving with compressive strength values of 16.440 

MPa, 16.006 MPa, 15.623 MPa, and 15.265 MPa, are included in the C quality group with implementation as a 

pedestrian area. 
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4. Conclusion 

Increasing layer variation in double-layer porous paving affects compressive strength, flexural strength, porosity, 

and permeability. The larger the Senoni chipping layer above the Palu chipping layer, the smaller the compressive 

strength and flexural strength, which are inversely proportional to the greater porosity and permeability. The test results 

state that the best variation of double-layer layers is a double-layer porous paving with a 1/4 cm Senoni on the first layer 

and a 3/4 cm Palu on the second layer. Compared with other variations, the values of compressive strength, flexural 

strength, porosity, and permeability, respectively, are 16.440 MPa, 3.984 MPa, 18.120%, and 0.216 cm/second. Based 

on the requirements for the compressive strength of paving blocks in SNI 03-0691-1996 "Paving Blocks", the variation 

of the double layer porous paving 1/4, 1/2, and 3/4 Senoni with the compressive strength values of 16.440 MPa, 16.006 

MPa, and 15.623 MPa is included in the C quality group with application as a pedestrian area. 
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