
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Addition of Gravel in the Manufacture of Paving Block with Water
Absorption Capability
To cite this article: Sri Wiwoho Mudjanarko et al 2020 IOP Conf. Ser.: Earth Environ. Sci. 498 012031

 

View the article online for updates and enhancements.

This content was downloaded from IP address 178.171.89.161 on 16/06/2020 at 18:37

https://doi.org/10.1088/1755-1315/498/1/012031


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

IConCEES 2019

IOP Conf. Series: Earth and Environmental Science 498 (2020) 012031

IOP Publishing

doi:10.1088/1755-1315/498/1/012031

1

 
 
 
 
 
 

Addition of Gravel in the Manufacture of Paving Block with 
Water Absorption Capability 

Sri Wiwoho Mudjanarko1*, Eko Julianto2, Dani Harmanto3 and Firdaus Pratama 
Wiwoho4  
 
1 Department of Civil Engineering, Narotama University, Surabaya, Indonesia 
2 Department of Piping Engineering, Shipbuilding Institute of Polytechnic Surabaya, Surabaya, 
Indonesia 
3 Derby University, Derby, United Kingdom 
4 Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia 
*Corresponding author: sri.wiwoho@narotama.ac.id 

Abstract. Paving block is one of elements that normally used in the pavement. Paving block can 
be easily made and apply to the road, parking area and yard. Innovations for paving block are 
carried out according to their intended application. One of them is paving block with water 
absorption capability to overcome the problem of flooding in Indonesia, especially in urban areas 
and densely populated during the rainy season. The production of paving block must follow the 
methods and materials as required by SNI 03-0691-1996, especially in the preparation of 
mixture, cement: sand/gravel: water. Paving block was designed to absorb water. The use of the 
materials is adjusted to achieve the quality of paving block. Specimens of sand paving block 
(PN) were prepared using sand (69.5%) + cement (30%) + water (0.05%). Meanwhile, specimens 
of gravel paving block (PK) were prepared using gravel (59.5%) + sand (10%) + cement (30%) 
+ water (0.5%). The results indicate that gravel paving block able to absorb water within 4 
seconds/litre/cm2 and the compressive strength meet the requirement of SNI 03-0691-1996. 

1. Introduction 
Indonesia, as known as one of the developing countries in Asia, is required to be more creative and 
innovative in the field of construction. Especially, in the concrete manufacturing technology. Some 
innovations were carried out in the manufacturing of paving block to overcome puddles. Many factors 
cause the occurrence of stagnant water and flooding, namely the amount of rain and water infiltration to 
the ground. If the amount of rain is greater than the power of land absorption, then there will be puddles 
and floods. Surface water conditions are influenced by macro and micro land use, where if the land use 
in the upper area does not support water infiltration into the soil it will cause flooding [1]. Various 
studies on innovation paving have been done in the manufacture of environmentally friendly paving 
between a mixture of plastic, bamboo, polyolefin fibres and others [2-15]. Paving is very easy to make 
and construct which basically use for parking lots and so on. The use of technology will make it easier 
to construct paving. Researchers are interest in making new breakthroughs to overcome the water in the 
road, garden and yard which often leaves water in the rainy season. This study aims to determine the 
absorption capacity of paving block to reduce inundation water and to evaluate the compressive strength 
of paving block at the age of 14 and 28 days. The benefits of this study to promote paving block that 
can be used by communities to reduce rainwater as it has a good water absorption. 
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2. Paving block 

2.1. Definition 
The paving block, as shown in Figure 1, is a concrete block pavement. It is a modern version of granite 
block. Paving block is generally used for small roads or vehicle alignments. If paving block us used for 
many services, fractional or surface recovery problems can be minimized. 
 

 
 

Figure 1. Paving block.  

2.2. Classification of paving block  
The classification of paving block is based on the making method or production, which can be named 
as (i) Paving block press manual/hand, (ii) Paving block press vibras/vibrating machine, and (iii) Paving 
block press hydraulic. Paving block press manual/hand is basically produced manually by hand. This 
type of paving block includes the type of concrete class D (K50-100). In accordance with its low quality, 
this type of paving block has a low selling value. While for its use, paving block press manual/hand 
generally used for non-structural such as home pages, sidewalks and environmental treatments with low 
loads. Figure 2 shows the paving block press manual/hand. 
 

 
 

Figure 2. Paving block press manual/hand. 
 

On the other hand, paving block press vibras/vibrating machine is produced with a vibrating system 
press machine and generally has a concrete quality class C-B (K150-250). Figure 3 shows the paving 
block press vibras/vibrating machine, while Figure 4 shows the mixer for paving block. In its use, paving 
block press vibras/vibrating machine is widely used as an alternative pavement in the house garage and 
parking lot. Pervious concrete is identified under this type of paving block [1]. Pervious concrete is a 
mixture of concrete by reducing or eliminating fine aggregate in its mix proportion. According to ACI 
522 R-10 [16], pervious concrete has an air cavity between 15% to 25%, the drain rate of 81 to 703 
litres/min/m2 and maximum value of 28 MPa compressive strength. Therefore, pervious concrete can 
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serve as a water catchment area and pavement. Previous concrete is associated with standard paving 
grade D with average limit compressive strength of 100 kg/cm2 for the park and has porosity value/drain 
rate of 247.37 and 226.76 litres/min/m2.  

Meanwhile, paving block press hydraulic is manufactured by using hydraulic press machines with 
compressive strength above 300 kg/cm². This type of paving block can be categorized as paving block 
with mutton grade B-A (K300-450). The use of paving block press hydraulic is for non-structural and 
structural purposes that has function for the heavy blocks above, such as road area to the surface of the 
ground plate. 

 

 
 

Figure 3. Paving block press vibras/vibrating machine. 
 

 
 

Figure 4. Mixer of paving block. 

2.3. Quality and its application  
Based on SNI 03-0691-1996 [17], paving block (concrete brick) is a composition of building materials 
made from a mixture of Portland cement or hydraulic adhesive material like water and aggregates with 
or without other material that does not reduce the quality of concrete brick. The quality of paving block 
can be specified by the compressive strength, wear resistance and water absorption. Table 1 shows the 
quality of paving block as required by SNI 03-0691-1996 [17].  

Paving block with good quality has high strength and low absorption rate (percentage of water 
absorption). Therefore, larger quality characteristics is for strong pressure, while smaller for the 
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percentage of water uptake. The higher the value of strong pressure, the better the paving block. As for 
the percentage of water absorption, the lower its value, the stronger the paving block that can produced. 
Based on SNI 03- 0691-1996 [17], paving block with the lowest quality (quality D) at least has 
compressive strength of 8.5 MPa and maximum percentage of water absorption of 10%. Through the 
design of the level setting on the top layer of paving block with additional ingredient of rice husk ash, it 
is expected to increase the strong pressure value and reduce the percentage value of its water uptake. 

 
Table 1. The quality of paving block.  

Type 
Compressive Strength (MPa) Wear Resistance Water Absorption 

Average Minimum Average Minimum (Average Maximum) 
A 40 35 0,090 0,103 3 
B 20 17 0,130 0,149 6 
C 15 12,5 0,160 0,184 8 
D 10 8,5 0,219 0,251 10 

 
SNI 03-0691-1996 [17] recommended that the quality requirements of paving block (concrete brick) 

as follows: (i) Visible nature - concrete brick is required to has  flat surface with no cracks and defects, 
as well as the corners and ribs are not easily trimmed with the strength of the fingers, (ii) Size - the shape 
and size of concrete brick for the floor depends on the agreement between the consumer and the 
manufacturer but the minimum nominal thickness size is 60 mm with ± 8% tolerance, (iii) Physical 
properties - concrete brick for the floor must have physical strength that can be calculated using 
Equations (1) and (2), and (iv) Resistance to sodium sulphate - concrete bricks must be tested and not 
allowed to be disabled, where the maximum allowable weight loss is 1%. 
 

c
Pf
L

 (1) 

  
where fc is the compressive strength, P is compressive load (N) and L is the area width press (mm2).  
 

100   
 

A
A BW

B
 (2) 

 
where WA is the water absorption, A is the weight of ordinary concrete brick and B is the weight of dry 
concrete brick. 

3. Methods and materials 
The methods used in this study are specified as follows: (i) The specimens are made with 2 variations, 
each of which consists of 4 test objects using normal paving and paving test specimens with increased 
tank, (ii) The test on paving block includes the compressive strength and water absorption, (iii) The sand 
used is ordinary sand which has a mudflow of 2% (Figure 5), (iv) The aggregate used is gravel from 
sand screens which usually unused with a size of 20mm (Figure 6), (v) The water used is PDAM water, 
(vi) The cement used is the Gresik Portlandtozzolan Cement (PPC) (Figure 7), and (vii) The tests are 
carried out at the age of 14 days (4 holes) and 28 days (4 holes). Figures 8 and 9 display the tests in term 
of compressive strength and water absorption.  

The preparation of specimens starts with an examination of the materials (sand, cement and gravel). 
In this study, the water content for the SSD condition is 4.2%. The production of paving block in divided 
into sand paving block (PN) using sand (69.5%) + cement (30%) + water (0.05%) and gravel paving 
block (PK) using gravel (59.5%) + sand (10%) + cement (30%) + water (0.5%). The details of mix 
proportion for sand paving block (PN) and gravel paving block (PK) can be referred in Tables 2 and 3, 
respectively.  
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Figure 5. Sand. 
 

 

Figure 6. Gravel aggregate. 
 

 
 

Figure 7. Cement. 
 

Tabel 2. Mix proportion for sand paving block (PN). 

Material Composition (%) 
Sand 69,5 

Cement 30 
Water 0,5 

 
Tabel 3. Mix proportion for gravel paving block (PK).  

Material Composition (%) 
Sand 10 

Cement 30 
Aggregate 59,5 

Water 0,5 
 
 

 
 

Figure 8. Test for compressive strength 
 

 

Figure 9. Test for water absorption. 
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4. Results and discussion  
Figure 8 shows the physical condition of paving block with the addition of gravel. The addition of gravel 
is intended to enhance the water absorption ability. It was found that the presence of gravel on gravel 
paving block (PK) influences the amount of water that able to flow at 1 litre/4 seconds. The greater the 
composition of gravel, the more cavities can be obtained but contribute to the smaller value of 
compressive strength. On the other hand, Figure 9 shows the compressive strength of paving block for 
sand paving block (PN) and gravel paving block (PK). The test for compressive strength was conducted 
using a hydraulic press machine. It can observe that the obtained compressive strength is comply with 
the requirement of SNI 03-0691-1996. As paving block is produced manually, the compressive strength 
for sand paving block (PN) achieved 158 kg/cm2 at the age of 14 days and 259 kg/cm2 at the age of 28 
days. Gravel paving block (PK) has the compressive strength of 81 kg/cm2 at the age of 14 days and 111 
kg/cm2 at the age of 28 days. Sand paving block (PN) consists of dense materials which directly affect 
the compressive strength compared gravel paving block (PK) which has cavities. 
 

 
 

Figure 10. Physical condition of paving block.  
 

 
Figure 11. Compressive strength of paving block. 

 

5. Conclusion  
The tests on the paving block revealed the results of compressive strength with value of 111kg/cm2. This 
is reached the target of compressive strength as lowest requirement by SNI 03-0691-1996 is setup at 
100kg/cm2. Based on the results, gravel paving block (PK) that can permeate water is classified into 
quality D. This type of paving block can be applied to non-structural parts in the construction such as 
land cover in city parks, home yards and other places. 



IConCEES 2019

IOP Conf. Series: Earth and Environmental Science 498 (2020) 012031

IOP Publishing

doi:10.1088/1755-1315/498/1/012031

7

 
 
 
 
 
 

6. References 
 
[1] Anoraga B T T, Mudjanarko S W and Kurniawan F 2015 Desain perkerasan jalan ramah 

lingkungan menggunakan pervious concrete untuk jalan setapak dan area parkir Proc. Seminar 
Nasional Forum in Res. Sci. Technol. (Palembang) 

[2] Limantara A D, Purnomo Y C S and Mudjanarko S W 2017 Pemodelan sistem pelacakan lot 
parkir kosong berbasis sensor ultrasonic dan internet of things (IoT) pada lahan parkir diluar 
jalan Proc. Semnastek (Indonesia)  

[3] Sholikhin R and Mudjanarko S W 2017 Analisis karakteristik parkir di satuan ruang parkir Pasar 
Larangan Sidoarjo Teknika: Eng. Sci. J. 1 145-150 

[4] Mudjanarko S W, Purworusmiardi T and Parasian S 2015 Parking usage model with simulation 
program in Surabaya City Proc. Narotama Int. Conf. on Civil Eng. (Surabaya). 

[5] Kurniawan F, Mudjanarko S W and Ogunlana S 2015 Best practice for financial models of PPP 
projects Procedia Eng. 125 124-132  

[6] Wiwoho M S, Machicky M and Nawir R 2017 Bamboo waste as part of the aggregate pavement 
the way green infrastructure in the future MATEC Web of Conf. 138 03013 

[7] Ikhwan Setiawan M, Dhaniarti I, Hasyim C, Atamaja W M T, Utomo W M and Sugeng S 2018 
Correlations analysis of airport sustainability and local government budget Int. J. Integrated 
Eng. 10 230-240  

[8] Slamet W, Made K, Tubagus P, Agus S and Wiwoho M S 2017 Internet of things (IoT) as green 
city economic development smart transportation system MATEC Web of Conf. 138 07015 

[9] Yulmida D A, Mudjanarko S W, Setiawan M I and Limantara A D 2017 Analisis kinerja parkir 
sepanjang Jalan Walikota Mustajab Surabaya UKaRsT 1 39-46  

[10] Irwan J M, Asyraf RM, Othman N, Koh H B, Annas M M K and Faisal S K 2013 The mechanical 
properties of PET fiber reinforced concrete from recycled bottle wastes Adv. Mater. Res. 795 
347-351 

[11] Irwan J M, Faisal SK, Othman N, Wan I M H, Asyraf R M and Annas M M K 2013 Performance 
of concrete using light waste PET fibre Adv. Mater. Res. 795 352-355   

[12] Wan Ibrahim M H, Jamaludin N, Irwan J M, Ramadhansyah P J and Suraya Hani A 2014 
Compressive and flexural strength of foamed concrete containing polyolefin Adv. Mater. Res. 
911 489-493 

[13] Limantara A D, Widodo A, Winarto S, Krisnawati L D and Mudjanarko S W 2018 Optimizing 
the use of natural gravel Brantas river as normal concrete mixed with quality fc = 19.3 MPa 
IOP Conf. Series: Earth Environ. Sci. 140 012104 

[14] Limantara A D, Winarto S, Gardjito E, Subiyanto B, Raharjo D, Santoso A and Mudjanarko S W 
2018 Optimization of standard mix design of porous paving coconut fiber and shell for the 
parking area AIP Conf. Proc. 2020 020029  

[15] Mudjanarko S W, Mayestino M and Rasid N 2017 Teknologi rekayasa material bambu dan 
additive foam concrete sebagai uji coba campuran material pembuatan paving J. Lentera: 
Kajian Keagamaan, Keilmuan dan Teknologi 3 1-10 

[16] ACI 522R-10 2010 Report on Pervious Concrete (Farmington Hills: American Concrete Institute) 
[17] SNI 03- 0691 1996 ICS 91.100.30.: Bata Beton (Paving Block) (Jakarta : Badan Standardisasi 

Nasional) 
 
Acknowledgments 
Thanks to the Ministry of Research, Technology and Higher Education and Coordination of Private 
University Region VII which has funded and provide full support in conducting this study. 
 


