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Abstract 
 
Among various waste materials, plastic waste merits extraordinary 

consideration due to its non-biodegradable attribute which makes a great deal 

of issues in the natural living environment. The motivation behind this 

venture is to assess the chance of utilizing granulated plastic waste materials 

to halfway fill in for the Fine aggregate in the manufacturing of concrete. 

Therefore Low Density Polypropylene (LDPP) granules can be converted to 

fine aggregates after pulverization and sieving. In other hand, the 

accessibility of natural fine aggregate (river sand) is on highly crisis scenario 

and the sources have been drained beyond breaking point. To overcome both 

the issues, this research deals with manufacturing of concrete possessing of 

M-30 grade with Manufacturing Sand (M-Sand) and LDPP as supplanting 

materials for fine aggregates. This research was carried out in different 

constituent of LDPP from 5% to 30% with variation of 2.5% in each mix, 

according to this M-Sand proportion modified in between 15% to 30% to 

reach absolute 100% of fine aggregate constituents in the mix. The 

comparative study was made with all the replacement blends with 

conventional concrete in the aspects of fresh and hardened concrete 

properties. The outcome exhibits with higher range than the conventional  
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concrete and optimum range of replacement was determined. This prompts 

an effective management of plastic waste, thereby the reducing one of the 

environmental issue plastic waste accumulation. 
 

Keywords: M-Sand, river sand, fine aggregate, hardened concrete, LDPP 

 

 

1 Introduction 
 

 Initially, concrete was utilized during the Roman Empire and it was an 

antiquated construction material. Concrete was the second most devoured 

substance on the planet after water. Plastic is a typical artificial material with 

steady polymer which is light in weight so that discovers its application in 

everyday life. The absence of appropriate removal strategies for plastic waste 

is one of the primary dangerous issue looked by the present world [1]. In 

India, every year solid waste generating roughly about 40 million tons and it 

expanding consistently at a pace of 1.5 to 2% yearly. Today sustainability 

has reached top in infrastructural development industry. The profitable 

utilization of waste material speaks to reducing a portion of the issues of 

waste administration [2]. The reuse of wastes shows the significance in 

various perspective ways like protect and maintain the natural assets that are 

not renewed and also it diminishes the contamination in the environment [3]. 

The enhancement in the manufacturing of concrete can lessen the 

utilization of natural materials [4]. With increment in the need of aggregates 

particularly fine aggregate and reduction in its accessibility, there is prompt 

requirement for finding reasonable choices which can be supplant somewhat 

or totally [5]. The usage of supplementary materials that brings solution for 

plastic waste management and depletion of natural construction material 

(river sand) [6, 7] which concentrates in this research work with the 

underneath methodology as figured out in the   fig.1 

 

 

 

 

 

 
  Fig. 1: Methodology of the work 
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2 Literature Survey 

 

Sreenath S., Harishankar S., (2016) investigated for the presentation of a 

ground type of LDPP as a substitute for the fine aggregate in the basic 

concrete. The conventional concrete possess the grade of M25 was intended 

as per standards.Impact of partial substitution of fine aggregate with ground 

LDPP to make a few test blends with difference of 5% to maximum variation 

of 20%. Strength quality tests were directed in the research facility to 

evaluate the quality properties of control and adjusted blocks of cement 

concrete. Blend with 10% of LDPP substitution invigorated better outcomes 

in the test results and in this way, the use of LDPP should be possible 

effectively [8]. 

Shyam S., Drishya P. (2018) worked on the fractional supplanting of M-

sand with High Density Polyethylene (HDPE) powder. An examination done 

between traditional concrete and cement concrete with HDPE powder to 

consider the durability and strength qualities. The rate supplanting of M-sand 

with HDPE powder was 5%, 10%, 15%, 20%. The ideal level of substitution 

by HDPE powder as far as functionality and strength quality resulted as 5%. 

In the case of durability constrains estimated the concrete with HDPE 

powder shown phenomenal quality [9]. 

Jaivignesh B., Sofi A. (2017) research about the alteration of normal 

aggregate in concrete with plastic aggregate consists of blended plastic 

waste. A few tests are led, to distinguish the properties and nature of concrete 

utilizing plastic waste. Alteration of fine aggregate content with plastic fine 

aggregate with varying proportions and for every substitution of fine 

aggregate proportion supplanting additionally led for natural coarse 

aggregate with plastic coarse aggregate. With prior experience introducing of 

0.3% steel fiber by cement weight to improve the strength quality and bond 

among the concrete and plastic aggregate. The recognized outcomes from 

concrete utilizing plastic aggregate shows that decrease in quality mostly 

because of poor bond quality of plastic aggregate included with cement 

concrete [10]. 

Suganthy P. et al. (2013) gathered pre-owned plastics, softened and 

pounded so as to get granules of plastic. Concrete cubes of M25 mix were 

made up to 100% replacement with variation of 25% for natural sand by 

pulverized plastic material. Volumetric proportioning was embraced since 

the thickness of plastic material was excessively low. The fresh property test 

and compression property test were resolved and contrasted with customary 

cement. The water cement proportion was additionally found to increment 

with the extent of plastic. Therefore 25% of sand replaced by plastic can be 

embraced so dumping of utilized plastic should be possible in the inadequacy 

of natural aggregates can be overseen viably [11] 
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3 Materials Used And Their Properties 

 

Different constituent materials acquainted for this research includes OPC 

53 grade cement, natural coarse aggregate, natural fine aggregate (river 

sand), supplementary fine aggregate materials like Manufacturing Sand (M-

Sand), Low Density Polypropylene (LDPP) plastic granules and water. OPC 

53 grade cement possessing 29% of normal consistency and 7.6mm of 

soundness was opted for the entire work and confirmed to Indian Standard 

specifications [12]. Usage of natural fine aggregates passing through 

standard sieve of 4.75mm (Zone-II) and free from clay, silt, chloride 

contamination. Natural coarse aggregate going through sieve of 20mm and 

holding on sieve of 12.5mm was utilized [13]. Angular aggregates are 

preferred. Flaky and elongated aggregates should be avoided as far as 

possible.  

Replacement materials like M-Sand and LDPP used in the place of 

natural fine aggregate (River Sand). Manufacturing Sand (M-Sand) attaining 

specific gravity of 2.62 originated from local suppliers was consumed [14, 

15]. Low Density Polypropylene (LDPP) finds application in engineering 

with its stiffness and rigidity. Also shows good chemical resistance. 

Polypropylene is normally tough and flexible. It possesses higher softening 

point (170
0
C) than other well-known plastics like polyethylene. The waste 

LDPP articles are pulverized to get it in a ground form. The ground LDPP 

sieved to get the particles which will pass through 4.75mm sieve.The sieved 

LDPP particles used as a substitute of natural sand.  

The properties of LDPP are collected from suppliers are presented in 

Table 1 and Fig. 2 shows LDPP samples. 

Table 1: Properties of low density polypropylene 

 

  

 

 

 

               

 

 

 

 

 

 

 

 

   Fig. 2: Low Density Polypropylene (LDPP) 
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4 Investigation Work 

4.1 Mix Configuration 

 

The mix configuration was done according to IS:10262-2009 

specification for M30 Grade concrete with water cement proportion (w/c) 

about to 0.45 [16]. The blend extents are shown up from configuration and 

amount of material needed are prescribed in Table 2. 
   

Table. 2: Mix configuration for M30 grade concrete 

 

Description Cement  F.A. C.A. w/c 

Proportion 1 1.55 2.50 0.45 

Weight per 

volume 

(kg/m³) 

438 680 1096 197.10 

 

In the designed mix proportions, control concrete (C1) was prepared with 

100% river sand. Cement and coarse aggregate content was undeviating in all 

the blends with stable water-cement ratio. Concrete mixes (P0, P5, P7.5, P10, 

P12.5, P15) was prepared with 70% of river sand along with various 

fractions of M-Sand and LDPP in decreasing and increasing proportions 

respectively. Secondly, concrete mixes (P20, P22.5, P25, P27.5, P30) 

outlined with 50% of river sand and balance 50% of fine aggregate content 

was renewed by M-Sand and LDPP at constant rate of reduction [17] and 

further more addition in proportions individually are showcased in Table 3. 

 
Table. 3: Mix proportions for various blends of M-Sand and LDPP 
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4.2 Test on Fresh Concrete Property 
 

 The various fresh concrete properties like consistency, workability, time 

required for transforming are concentrated by leading tests like compaction 

factor test, slump test, vee-bee test, flow test, Kelly ball test [18]. In this 

research, fresh concrete property test was performed by utilizing slump test. 

This test was led for all the concrete blends including conventional cement 

concrete blend. 

 
4.3 Preparation of Test Specimens 

 

Specimens of size 150x150x150mm cubes for compression test, 150mm 

diameter with 300mm height cylindrical specimens for split tension test and 

500x100x100mm prism specimens for flexural strength test were prepared to 

deliberate the various strength behaviours for all the blends in respective 

moulds. 

 
4.4 Test on Hardened Concrete Properties  

 
The primary goal of this current investigation was to examine the 

hardened properties of concrete on fractional supplanting of natural fine 

aggregates by M-Sand and LDPP, especially with the cylinder, cube and 

prism specimen samples for different stages of curing periods. 

Hardened properties of concrete was evaluated using the various test 

conducted from Universal Testing Machine (UTM) [19]. The load was 

allowed consistently without stun until the obstruction of the specimen 

sample to the loading case. The allowable maximum load at failure of the 

specimen sample was recorded to determine the strength properties of the 

concrete. 

 

5 Results and Discussion 

For all the concrete blends results are achieved and disquisition was 

made with respective to concrete properties. 

5.1 Fresh Concrete Property 

 
To anticipate the fresh concrete property, slump test was performed as 

the fast course of action for workability of cement concrete blends and the 

slump values are tabulated in Table 4. 
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                     Table. 4: Slump values and workability of concrete 

 

 
 

 

 

 

 

 

 

 
                                     Fig. 3: Fresh concrete property – Slump values for different concrete                               

mixes 
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From the outcomes obtained for slump test as illustrated in the fig. 3, it is 

discovered that the workability property diminishes with the increment of 

LDPP. The profoundly serviceable blends were achieved in the occurrence of 

5% to 25% of LDPP substitution for fine aggregates.  
 

5.2 Hardened Concrete Properties 

 

Properties of hardened concrete like flexure, tension and compression 

was deliberated from the testing of prism, cylinder and cube specimen 

samples. The values presented in the table 5 & table 6 are mean of three 

identical specimen samples to figure out the flexural and tensile strength of 

28days of curing age and the compression strength of 7, 14 and 28 days of 

curing ages. 
                             Table. 5: Average compressive test values of all the concrete mixes 

Mix 
7 Days Strength 

(N/mm
2
) 

14 Days Strength 

(N/mm
2
) 

28 Days Strength 

(N/mm
2
) 

C1 27.81 33.29 37.68 

P0 26.32 34.15 38.96 

P5 29.24 33.28 39.32 

P7.5 31.1 34.32 39.54 

P10 30.17 36.28 40.21 

P12.5 31.2 35.74 41.65 

P15 31.37 36.69 42.43 

P20 32.35 36.3 43.74 

P22.5 29.51 32.12 40.14 

P25 26.23 31.09 36.12 

P27.5 24.36 29.6 35.98 

P30 22.58 26.32 32.16 

 

From the outcomes acquired it is discovered that the compression 

property of concrete expanding from 32.16 to 43.74 N/mm
2
 for the 

substitution of LDPP fluctuates with 0% to 20% in the place of fine 

aggregate. At that point it is diminished to 32.16 N/mm
2
 as it arrives at 30% 

of replacement in fine aggregate as depicted in fig. 4. The blend (P0) 

demonstrated with peripheral increment in compressive strength contrasted 

with 100% river sand concrete blend (C1). The mixes with 30% of M-Sand 

and replaced by LDPP showed increase in compressive strength by 

increasing the LDPP as replacement to M sand.  
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Fig. 4: Chart representing Harden concrete property –  

Compression test values for different age of concrete curing 

 

Table. 6: Tension and Flexure test values for 28 days of concrete curing 

Mix 
28 days Tensile 

Strength (N/mm
2
)  

28 days Flexural 

Strength (N/mm
2
)  

C1 3.25 2.73 

P0 3.21 2.8 

P5 3.24 2.75 

P7.5 3.31 2.86 

P10 3.42 2.92 

P12.5 3.65 2.95 

P15 3.61 3.07 

P20 3.7 3.19 

P22.5 3.75 2.94 

P25 3.72 2.82 

P27.5 3.81 2.71 

P30 3.79 2.6 
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Tensile strength was seen in ascending order from 3.21 to 3.81 N/mm
2
 as 

for the level of substitution of fine aggregates. In both 70% and 50% of river 

sand mixes M-Sand replaced by LDPP showed increase in strength while 

increasing with LDPP. From the initial up to 20% of LDPP replacement, the 

flexural strength was gradually increasing meanwhile for the range of 20% to 

30% the same strength was decreasing drastically as represented in fig.5. 

Compared to control concrete, the mix with 70% river sand and 30% M-Sand 

showed marginal reduction in flexural strength.  

 
Fig. 5: Chart representing Harden concrete property –  

Tension and Flexure test values for 28 days of concrete curing 

 

6 Conclusion 

 

All the mixes with combined substitution of M-Sand and LDPP in the 

place of natural fine aggregate (river sand) satisfies the fresh concrete 

property as per standards. 

Aside from the blends P25, P27.5, P30 all the other various blends 

indicated increment in quality of strength while contrasting with 100% 

natural river sand at the age of  curing period of 7, 14 and 28 days. Blend in 

with half a quantity of river sand, 30% of M-Sand and 20% LDPP indicated 

most noteworthy compressive quality value of 43.74 N/mm
2
. 

In this way the concrete with LDPP supplanted shows increment in 

rigidity of flexure and tensile strength in maximum of blends when 

contrasted with customary cement concrete.  
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The blend with 50% of fine aggregate, 22.5% of M-Sand and 27.5% 

LDPP replacement demonstrated 17.23% expansion in quality contrasted 

with control concrete. It was observed that the concrete with 20% 

replacement of LDPP exhibits the maximum flexural strength of 3.19N/mm
2
. 
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