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Abstract  Paving blocks are widely used in making 

parking lots, footpaths, and parks because they are easy to 

install, durable, and can be arranged in certain interesting 

patterns. This research needs to be carried out to examine 

how much influence the addition of sand to cast plastic 

waste has on the compressive strength and specific gravity 

of paving blocks. The waste used is leftover household 

consumption such as plastic bag wrapping in solid form 

and then burned to melt. The liquid is then mixed with 

sand to increase the hardness and plasticity and then 

poured into paving molds. The process of making the 

specimen is done manually with variations of the sand 

used by 0%, 7.5%, 15%, 22.5% and 30%. Each variation 

of the sample was made in the amount of 5 pieces. The 

results of the analysis show that the addition of sand to the 

plastic liquid can significantly increase the compressive 

strength of paving blocks. The highest value increase was 

obtained in the 22.5% mixture variation, which reached 

11.27 MPa. Based on SNI 03-0691-1996, these paving 

blocks are classified in the D-quality and can be used for 

parks, or other uses. 

Keywords Plastic Waste, Sand, Paving Block, 

Compressive Strength 

1. Introduction

Plastic has a big role in everyday life. Plastic is 

commonly used as a food and beverage packaging material 

because it is strong, flexible, lightweight, rust-resistant, 

easy to shape, insulating, easy to color, and cheap. The 

properties of plastic materials make it difficult to replace 

with other materials. The use of plastic materials continues 

to increase from year to year following an exponential 

series. Of course, this also results in an increase in the 

volume of plastic waste from year to year. In Indonesia, 

there are at least 64 million tons of waste piles every year. 

Based on these data, about 60 percent of the waste was 

transported and dumped to the Final Disposal Site (FDS); 

10 percent of the waste was recycled, while the other 30 

percent was not managed and polluted the environment [1]. 

It is no secret that plastic waste takes a very long time to 

decompose and blend with the soil. In addition, there are 

certain types of plastic that emit pollutants that are harmful 

and disrupt environmental health. Based on observations, 

there are some people who use plastic waste as a basic 

material for handicrafts for souvenirs, as well as for plant 

pots. 

The problem of plastic waste has also received enough 

attention from university academics. Research on efforts to 

utilize plastic waste as a construction material has been 

carried out, including as a geotextile material for 

improving soil properties, road pavement materials, 

concrete making materials, as well as basic materials for 

making paving blocks. Endaryanta and Wibowo [2] stated 

that the addition of pieces of plastic waste measuring 10 x 

10 mm and 10 x 5 mm with a content of 3% was proven to 

increase the value of the free compressive strength (qu) of 

the soil, and the shear-strength angle (φ), as well as 

increase the bond. Handayasari [3] proved that the use of 
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mineral water packaging waste as a substitute for fine 

aggregate with a variation of 5% against sand produces a 

concrete compressive strength of 22.741 MPa. Daftandar, 

et al, [4], and Wendimu, et al [5] concluded that LDPE 

plastic was able to increase the compressive strength of 

bricks compared to those using clay. Arulrajah et al, [6] 

utilized plastic waste type Linear Low Density 

Polyethylene filled with Calcium Carbonate (LDCAL), 

High Density Polyethylene (HDPE) and Low Density 

Polyethylene (LDPE) as asphalt mixture for road pavement. 

Khatib, et al [7] stated that the flexural strength of concrete 

blocks was not reduced much if the coarse aggregate was 

replaced with bottle cap waste. Lokeshwari, et al [8] 

recommended that concrete with pieces of Polypropylene 

(PP) waste as a substitute for aggregate can be used for 

brickwork, partitions, panels, as well as canal linings. 

Kusuma [9] showed that the compressive strength of bricks 

increases even though it was small when PP was used for 

aggregate substitution. Puro [10] concluded that the 

compressive strength of paving increased when plastic 

aggregate was added by 0% - 5%, but decreased when 

added by 0.75% - 1%. Saxena, et al [11] stated that the 

compressive strength, flexural strength, and elastic 

modulus of concrete tended to decrease with the increase in 

the percentage of plastic waste, but  resisted abrasion 

increases. Dadzie et al, [12] showed that the use of plastic 

bottles for walls was able to maintain room temperature 

and contribute to energy savings and the cost of providing 

artificial thermal control systems. Ghuge, et al. [13], Sultan 

[14], and Sudarno et al. [15] utilized PP plastic waste in the 

manufacture of paving blocks with plastic mixed with 

gravel. Paving with a composition of 70% plastic waste 

and 30% sand produced D quality paving blocks and this 

composition was recommended for mass production 

because it could take advantage of the volume of waste 

significantly [16]. Susilowati, et al. [17] concluded that the 

addition of plastic waste can increase the value of void 

filled with bitumen (VFB), stability, flow and Marshall 

Quotient (MQ) and reduce the value of void mix aggregate 

(VMA) and void in the mix (VIM). Surya, et al [18] stated 

that the compressive strength of paving increased by 30% 

when the composition of plastic substituted for sand was 

40%. 

Based on the explanation above, this research needs to 

be carried out to examine how much influence the addition 

of sand to cast plastic waste has on the compressive 

strength and specific gravity of paving blocks. The results 

obtained are expected to add insight into solving 

environmental problems by utilizing materials that are 

already available. This study only discusses the technical 

side, but does not mention the economic value of the 

mixture obtained. 

2. Materials and Methods 

The plastic used comes from plastic crackle bag waste 

collected from landfills in Boyolali, Indonesia. In addition 

to plastic, the main material used is sand taken from 

Karanganyar, Indonesia and sifted through a sieve with a 

diameter of 4.75 mm. Based on SNI 03-0691-1996 [19], 

paving blocks are mixtures made of Portland Cement (or 

similar hydraulic adhesives), water and aggregates with or 

without other additives. This mixture is grouped into 4 

quality categories, namely: A quality for roads, B quality 

for parking lots, C quality for pedestrian facilities, and D 

quality for parks and other uses. The value of the physical 

properties of each quality can be seen in Table 1. 

Some of the basic equipment used is molds made of 

thick iron plates, presses made of thick iron plates with 

screws and wooden coasters, compressive strength testing 

machines with an accuracy of 1 kN, and dial gauges. The 

test object was made with a size of 21 x 10.5 x 5 cm with 

variations in the proportion of sand compared to cast 

plastic waste of 0%, 7.5%, 15%, 22.5% and 30%. Each 

variation of the test object was made in the amount of 5 

pieces. The stages of making the test object can be seen in 

Figure 1. After the test object is hard, then it is cut with a 

cutting tool from the initial size to a size of 5 x 5 x 5 cm. 

The piece is then subjected to a compressive strength test 

as shown in Figure 2. 

The compressive strength of paving blocks is calculated 

using Equation 1. The Fpav value represents the 

compressive strength of the paving block (MPa), Pmax is the 

maximum load (N), and A is the cross section of the test 

object (mm2). 

fpav = 
𝑃𝑚𝑎𝑥
𝐴

                     (1) 

3. Results and Discussion 

3.1 Specific Gravity and Compressive Strength 

Based on the test results obtained data on specific 

gravity and compressive strength of the paving test object, 

these values can be seen in Figure 3 and Figure 4. 

 

Figure 1.  Steps of making the specimen 
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Table 1.  Physical properties of paving blocks 

Quality Size (mm) Compression Strength (MPa) 
Wearing Resistance 

(mm/minutes) 

Max Average Water 

Absorption 

  Average Min Average Min % 

A 210x105x50 40 35.0 0.090 0.103 3 

B 210x105x50 20 17.0 0.130 0.149 6 

C 210x105x50 15 12.5 0.160 0.184 8 

D 210x105x50 10 8.5 0.219 0.251 10 

 

Figure 2.  Compressive strength test 

 

Figure 3.  The relationship between sand content (%) and specific gravity 
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Figure 4.  The relationship between sand content (%) and compressive strength  

Figure 3 shows that the addition of sand to the mixture 

increases the value of the specific gravity of paving blocks. 

However, until the addition of 15% sand, the specific 

gravity of the test object did not show a significant increase. 

Only at the addition of 22.5%, the value increased sharply 

to 1.25 gr/cm3 or 13.6% from the start. This also happened 

when the 30% sand content changed to 1.36 gr/cm3 or 23.6% 

from the original. When compared with the specific gravity 

of normal paving blocks, with cement and sand assembling 

materials, which is 2.38 gr/cm3, it can be said that the value 

obtained is smaller. 

Figure 4 shows that the addition of sand content in the 

paving mixture increases the compressive strength of 

concrete. Even so, the average value of each variation is 

different, the largest is found at 22.5%, which is 11.27 MPa 

(up 108.7%). The values obtained range from 5.4 MPa to 

11.27 MPa. When compared with the compressive strength 

of paving with cement and sand which is 20,110 MPa, the 

value is much smaller. 

3.2 Brittleness Level 

Brittleness is a material property that indicates the size 

of the plastic deformation of the material before it breaks. 

Deformation itself is a change in the shape or size of an 

object due to the influence of forces or changes in 

temperature. The degree of brittleness in this study was 

measured by its deformation ability, namely the size of the 

shortening of the test object before it was crushed. The 

smaller the deformation ability, the more brittle the 

specimen. Vibration can be seen in the reading of the 

shortening of the test object on the dial gauge. The results 

of the comparison of mixed variations (%) with shortening 

(mm) can be seen in Figure 5. 

Based on Figure 5, it can be seen that the addition of 0% 

sand content will increase the deformation value up to a 

certain point. After reaching the optimum, the addition of 

sand will reduce the deformation. The deformation value 

without sand was 2.36 mm, increased to 22.5% by 5.31 mm, 

then decreased when added 30% to 4.10 mm. This shows 

that the greater the addition of sand to the paving blocks of 

plastic waste, the greater the level of brittleness until it 

reaches the optimum level, then the level of brittleness 

decreases. The above conditions indicate that the presence 

of sand is very influential in inhibiting the formation of 

initial cracks on the test object. Therefore, additional force 

or load is required to initiate the initial crack. The existence 

of this additional load causes the initial cracking load to be 

greater, and in the end the compressive strength of the 

specimen also becomes greater. This is in accordance with 

the results of the compressive strength test as shown in 

Figure 4. 

3.3 Paving Block Quality Evaluation 

Based on Table 1 and the paving strength values 

obtained, the quality class of each variation can be 

identified. The results are shown in Table 2. 



2934 Utilization of Cast Plastic Waste for Paving Block with Sand Mixture  

 

 

Figure 5.  The relationship between sand content (%) and deformation (mm) 

Table 2.  Paving block quality classification 

Sand content 

(%) 

Average Compression 

Strength (MPa) 
Quality Function 

0 5.40  Not feasible 

7.5 10.55 D For parks and other uses 

15 9.44 D For parks and other uses 

22.5 11.22 D For parks and other uses 

30 9.28 D For parks and other uses 

 

Based on Table 2, it can be seen that in general the 

compression strength of paving blocks is at D quality level 

with a minimum compressive strength of 8.5 MPa and an 

average of 10 MPa. Therefore, it can be said that plastic 

waste can be used for parks and other uses, if it is added 

with sand in the mixture. If it is not added (0% content), the 

mixture is not feasible because it does not meet the 

specifications, the value is only 5.40 MPa. 

4. Conclusions 

Based on the results of the analysis it can be concluded 

that the addition of sand to the cast plastic paving block 

mixture is proven to increase the specific gravity of paving. 

The addition of sand can increase the density by 23.6%, 

and increase the compressive strength of paving 108.7% 

from the initial conditions. In addition, the presence of sand 

in the mixture generally increases its brittleness. The 

deformation value obtained increased to 22.5% level by 

5.31 mm, then decreased to 4.10 at 30% addition. Referring 

to the standards used, the compressive strength of paving 

with sand is classified as D quality which can be used for 

parks and other uses. This study used the gradation of sand 

grains which are included in the very fine category 

(modulus value of 1.053). Therefore, in order to improve 

the mechanical properties of paving better, it is highly 

recommended to use sand with a coarser grain gradation. 
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