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Available online: 30 June 2025 and concrete. The sand is mined from riverbeds, which results in

environmental impacts. The environmental effects can be reduced by

substituting a low-cost replacement material for sand. The low-cost

material used in this study is Recycled Low Density Poly Ethylene (R-

Sand replacement, R-LDPE, mortar,  LDPE) plastic powder. The R-LDPE is replaced in mortar and concrete

concrete, seepage, RCPT mixes from 5% to 30%. This study conjectures that the R-LDPE's
excellent water-repellent properties will make the mortar and concrete
less pervious to water. In this study, the selected mortar mix for testing
is 1:3, and the concrete mix for testing is M-45. The mortar and concrete
samples are tested for compression, flexure, conventional seepage, and
the Rapid Chloride Permeability Test (RCPT). The suitable R-LDPE
replacement percentage concerning the volume of the sand is identified
as 15% for compression, flexure, conventional seepage, and RCPT tests.
The conjecture of this study fails as R-LDPE particles make the mortar
and concrete samples porous. The testing mortar and concrete samples
containing 15% R-LDPE replacement are suitable for making porous
concrete.
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1. Introduction

Mortar and concrete are inevitable composite materials for construction. The sand is a vital ingredient for the
preparation of mortar and concrete. The sand mining in riverbeds is causing environmental impacts. The low-cost
substitute material for sand will reduce environmental impacts caused by sand mining [1]. The low-cost substitute
material used in this study is Recycled Low Density Poly Ethylene plastic powder (R-LDPE). The acronym for Low
Density Poly Ethylene is LDPE which is classified under the polyethylene group of plastics [2]. People use LDPE
for industrial, commercial, and domestic purposes. Things like polythene bags, wraps, squeezable bottles, milk
cartons, bowls, buckets, cable insulations, flexible pipes, and many articles of daily use are manufactured with
LDPE plastic. A huge quantity of LDPE is available for recycling because of daily usage. The cost of R-LDPE is low
when compared to LDPE. The R-LDPE substitute for sand in mortar and concrete will minimize the environmental
impact. Therefore, the R-LDPE is a low-cost substitute for sand replacement. The R-LDPE replaces sand in the 1:3
ratio mortar and M-45 grade concrete [3] [4].

2. Materials and Methods

A 1:3 mix ratio (one part cement to three parts fine aggregate) is used to test the mortar mix. The mortar test is a
preliminary step to the concrete mix design for M-45. The M-45 concrete mix design begins with the selection and
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testing of basic materials. Ordinary Portland Cement (OPC) 43 grade is used for this study. Fine aggregate is
sourced from the Sone River in Bihar, India, while coarse aggregate is sourced from Pakur, Jharkhand, India.
Potable water is used for concrete blending, and the sand replacement material R-LDPE is sourced from the plastic
industry. All material tests for the mix design are conducted in the concrete laboratory of the National Institute of
Technology Patna. The properties of OPC 43-grade cement are tested according to Indian Standard (IS)
specification IS 8112:2013 [5], and the results are shown in Table 1. Compressive strength tests of the cement are
performed at intervals of 3, 7, and 28 days, with results tabulated in Table 2. Aggregates are tested following IS
specification IS 383:1970 [6], and the findings are presented in Table 3. According to IS 383:1970, the sieve
analysis is conducted on five kilograms of coarse aggregates, and the results are detailed in Table 5.

Table 1 Physical properties of cement

Characteristics Values obtained  Standard values

Normal consistency 29% -

Initial setting time 36 min. Not less than 30
min

Final setting time 570 min. Not greater than
600 min

Fineness 2% <10%

Specific gravity 3.10 3.15

Table 2 OPC grade 43 cement compressive strength

No. of Values obtained Standard values

Days (N/mm?) (N/mm?)
3 26.72 23

7 36.89 33

28 51.43 43to 58

Table 3 Coarse aggregate physical properties

Characteristics Values
Type Crushed
Maximum size 20 mm
Specific gravity 2.71

Water absorption  0.5%

Table 4 Fine aggregate physical properties

Characteristics Values
Type River sand
Maximum size Passing 4.75 mm

Specific gravity 2.68
Water 1.0%
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Table 5 Coarse aggregate sieve analysis results

IS sieve Weight retained  Cumulative Cumulative Finer
size (mm) (gm) weight retained weight (%) (%)
(gm)
40 0 0 0 100
20 1400 1400 28 72
12.5 3010 4410 88.2 11.8
10 450 4860 97.2 2.8
4.75 140 5000 100 0
PAN 0 5000 100 0

IS 383:1970 tests for fine aggregate are carried out, and the test results are shown in Table 4. One kilogram of
the fine aggregate sample is subjected to sieve analysis, and the results are tabulated in Table 6 according to the
values of the size of the fine aggregate and weight retained in the sieve. According to Table 6 of IS 383:1970, the
sand is identified as being from Zone III. The Zone III sand is suitable for reinforced cement concrete.

Table 6 Fine aggregates sieve analysis results

IS sieve size Retained weight =~ Cumulative weight Cumulative Finer
(mm) (gm) (gm) weight (%) (%)
4.75 21 21 2.1 97.9
2.36 57 78 7.8 92.2
1.18 251 335 33.5 66.5
600 87 422 42.2 57.8
300 503 925 92.5 7.5
150 59 984 98.4 1.6
75 9 993 99.3 0.7
Pan 7 1000 100 0.0

Sieve analysis is performed on the sand substitute material R-LDPE. Sieve analysis of 100 grams of R-LDPE is
performed to determine its fine-grained nature. The results are presented in Table 8. The inference from Table 8
shows the conformity of materials to sub-millimeter size. The physical property test results of R-LDPE are shown

in Table 7.

Table 7 R-LDPE physical properties

Characteristics Values

Type Powdered
Maximum Size <300u
Specific Gravity 0.55

Water Absorption 0%

Melting Point 120°C - 160°C

The significant physical properties of the R-LDPE used in this study are its melting point and specific gravity,
which are mentioned in Table 7. The R-LDPE has lower tensile strength and density. The R-LDPE is highly resilient,
resistant to corrosion, and insulates from heat, cold, and noise. The preferable chemical property of the R-LDPE is
resistance to alcohol, bases, dilute and concentrated acids. R-LDPE material can be used in place of sand in mortar
and concrete, as the aforementioned properties are suitable. The chemical admixture FOSROC CONPLAST SP430
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G8 is used in the concrete mix design of M-45 to reduce water content, permeability, shrinkage, and creep to
improve concrete strength. As per Indian Standard specification IS 9103:1999 [7] the specific gravity is 1.25, and
chloride content is nil.

Table 8 R-LDPE Sieve analysis results

IS sieve  Retained Cumulative Cumulative Finer
size (mm) weight (gm) weight (gm) weight (%) (%)
4.75 0 0 0 100
2.36 0 0 0 100
1.18 0 0 0 100
600 0 0 0 100
300 52 52 52 48
150 44 96 96 4

75 3 99 99 1
PAN 1 100 100 0

2.1 Mix Proportion M-45

The concrete mix proportion of M-45 is carried out using Indian Standard specifications IS 10262:2009 [8], IS
456:2000 [9], IS 383:1970, and IS 2386 (Part 3):1963 [10]. The Indian standard for mortar testing recommends a
mix of 1:3. The study is adapted for the mixed proportion given in Table 9.

Table 9 Proportion of concrete blend M-45

Water Cement Fine Coarse aggregate R-LDPE Admixture
aggregate
0.36 1 1.7 2.7 5% to 30% 8x103
(by
volume)

2.2 Methodology

The focal point of this study is to ascertain the suitable R-LDPE substitute level in the mortar and concrete by
replacing sand. This study conjectures that the R-LDPE used in the sand replacement may block pores in the
mortar and concrete to make it less permeable to water. The permeability is tested using cubes of sample sizes 15
cm x 15 cm x 15 cm for mortar and concrete through a conventional seepage test. The permeability is also tested
using the Rapid Chloride Permeability Test (RCPT) method with a cylinder sample size of 10 cm diameter x 5 cm
height for mortar and concrete. The study is carried out by commencing compression, flexure and seepage tests.
The compression tests are performed with sample sizes of cube 7.06 cm x 7.06 cm x 7.06 cm for mortar and 15 cm
x 15 cm x 15 cm for concrete. The flexure test is performed with prism sample sizes 4 cm x4 cm x 16 cm for mortar
and 10 cm x 10 cm x 50 c¢m for concrete. The methodology is explained as work flow diagram in Fig. 1. The mortar
and concrete batch are prepared with 5% R-LDPE substitution to the volume of sand. The successive batch of
mortar and cement cubes are substituted with a 5% increment of R-LDPE up to 30% to the volume of sand. The
mortar and concrete batch of R-LDPE substitutions to the volume of sand are 5%, 10%, 15%, 20%, 25% and 30%.
A mortar R-LDPE substitution batch consists of 10 cubes, one prism, and one RCPT sample. Three mortar cubes
are tested per interval at 3, 7, and 28 days from the date of casting. A mortar cube sample is tested for permeability
after 28 days from the date of casting. One mortar prism is tested after 28 days for flexure. One mortar cylinder
sample is subjected to RCPT after 28 days. The mix design M-45 concrete samples are prepared and tested at 7,
14, 21, and 28 days for compression. The flexure and permeability test of concrete follows similar methods used
for mortar. All the casted samples are demoulded after 24 hours and preserved in curing at 27°C in water until
recommended testing intervals.
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Fig. 1 Work flow diagram

2.3 Seepage Tests

The conventional seepage test follows Indian Standard specification IS 3085:1965 [11]. The equipment contains
a concrete cube-shaped chamber linked to a pressurized water cylinder. The concrete cube is left to dry at room
temperature for 24 hours. After drying for 24 hours, the sidewalls of the equipment are coated with water sealant
polyethylene terephthalate with a concrete cube in its place inside the equipment. This assembly is left
undisturbed for 24 hours, and polyethylene terephthalate will allow water only to seep through the top and
bottom of the concrete cube inside the equipment. Fig. 2 (a) shows the process diagram of the conventional

seepage test.
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Fig. 2 Seepage Tests (a) Conventional procedure; (b) Rapid Chloride Permeability Testing procedure
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According to the American Society for Testing and Materials specifications ASTM C 1202-19, the RCPT
measures how many chloride ions can get through the sample in 6 hours. Place the sample between the two steel
terminals, which are connected to a 60V direct current. The opposite side of a sample of steel terminal is immersed
in 3% sodium chloride (NaCl) solution, and the other side is immersed in 0.3 M sodium hydroxide (NaOH) solution.
The quantity of charge passing across the sample provides a direct correlation to seepage. Figure 2(b) shows the
process diagram of RCPT.

3. Results and Discussion

The test results for mortar and concrete are as follows.

3.1 Compressive Strength

Figure 3 shows the compressive strength of OPC-43 grade mortar mix (1:3) with 5% to 30% R-LDPE replacing the
volume of sand. The results show that the favourable percentage of R-LDPE replacement is 15%. Beyond 15%, the
strength of the mortar mix reduces considerably, which is obvious from Table 10. Table 10 shows the strength of
mortar mix 1:3 with 5% to 30% of R-LDPE replacement to the volume of sand. Table 10 and Fig. 3 also show the
relationship between the curing periods of samples and the strength achieved at the respective intervals of testing

Table 10 Compressive strength of mortar mix 1:3
Compressive 0% 5% 10% 15% 20% 25% 30%

strength of R-LDPE  R-LDPE  R-LDPE  R-LDPE  R-LDPE  R-LDPE  R-LDPE
(N/mm?)  (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?)

Days of curing

3 days 23.5 23.71 24.12 24.32 23.69 22.71 22.15
7 days 34 34.54 35.19 35.84 34.84 32.58 31.46
28 days 43.8 44.08 45.12 46.73 44.03 42.1 40.89

o

£ 50

ET T ] . I

7 45 Y XTI Attt & ‘

£ RS

fn 40 =0 =3 days

g 35 .___-.-----"""'".""“o-..._ --o--7 days

j: ‘.‘.--u__‘ .

: 30 ....‘....28 days

2

w

(="

= 20

8 0% 5% 10% 15% 20% 25% 30%

% of R-LDPE replaced by volume of sand

Fig. 3 Compressive strength of mortar mix 1:3

Table 11 Compressive strength of concrete M-45

Compressive 0% 5% 10% 15% 20% 25% 30%
strength of R-LDPE  R-LDPE  R-LDPE  R-LDPE R-LDPE R-LDPE  R-LDPE
(N/mm?)  (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?) (N/mm?)

Days of curing

7 days 35.81 37.54 38.21 39.2 38.03 35.83 33.71
14 days 44.14 44.85 46.1 47.95 46.23 43.41 40.93
21 days 49.87 50.85 52.4 55.02 52.89 48.78 46.41
28 days 54.1 55.2 56.95 59.41 55.67 52.12 50.21
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Fig. 4 Compressive strength of concrete M-45

Figure 4 shows the compressive strength of OPC-43 grade concrete mix M-45 with 5% to 30% R-LDPE replacing
the volume of sand. The results show that the favourable percentage of R-LDPE replacement is 15%. Beyond 15%,
the strength of the mortar mix reduces considerably, which is obvious from Table 11. Table 11 shows the strength
of concrete mix M-45 with 5% to 30% of R-LDPE replacement to the volume of sand. Table 11 and Fig. 4 also show
the relationship between the curing periods of samples and the strength achieved at the respective intervals of
testing.

3.2 Flexural Strength

Figure 5 shows the flexural strength of OPC-43 grade mortar mix (1:3) with 5% to 30% R-LDPE replacing the
volume of sand. The results show that the favourable percentage of R-LDPE replacement is 15%. Beyond 15%, the
strength of the mortar mix reduces considerably, which is obvious from Table 12. Table 12 shows the strength of
mortar mix 1:3 with 5% to 30% of R-LDPE replacement to the volume of sand. Table 12 and Fig. 5 also show the
relationship between the curing period of samples and the strength achieved.

Figure 6 shows the flexural strength of OPC-43 grade concrete mix M-45 with 5% to 30% R-LDPE replacing
the volume of sand. The results show that the favourable percentage of R-LDPE replacement is 15%. Beyond 15%,
the strength of the mortar mix reduces considerably, which is obvious from Table 13. Table 13 shows the strength
of concrete mix M-45 with 5% to 30% of R-LDPE replacement to the volume of sand. Table 13 and Fig. 6 also show
the relationship between the curing periods of samples and the strength achieved.

Table 12 Flexural strength of mortar mix 1:3

Flexural 0% 5% 10% 15% 20% 25% 30%
strength of R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE
(N/mm?) (N/mm?) (N/mm2?) (N/mm?) (N/mm?) (N/mm?) (N/mm?2)

Days of curing

28 days 3.41 3.89 4.16 4.45 3.81 3.7 3.56
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Table 13 Flexural strength of concrete M-45

Flexural 0% 5% 10% 15% 20% 25% 30%
strength of R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE

Days of curing (N/mm?) (N/mm?) (N/mm?) (N/mm2) (N/mm?) (N/mm?) (N/mm?)
28 days 6.51 7.18 8.26 9.35 8.23 7.18 6.5

3.3 Seepage Test

The results of the conventional seepage test of OPC 43-grade mortar mix 1:3 after 28 days from casting are shown
in Fig. 7 and tabulated in Table 14. The results show that the R-LDPE in mortar increases water permeability in
the mortar mix 1:3. As the contentment of R-LDPE increases, the porosity of the sample parallelly increases. The
inference from the seepage tests shows that replacing R-LDPE with sand makes the sample porous. The conjecture
of this study fails because the R-LDPE replacement to the volume of sand makes the concrete porous and increases
permeability. R-LDPE's excellent waterproofing properties make it suitable for finished plastic products. But fine
R-LDPE particles are not blocking the voids in the composite mortar mix. The increase in R-LDPE percentage
increases the porosity of the sample, which is shown in Fig. 7 and Table 14, ensuring the validity of the results.
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Table 14 Permeability of mortar mix 1:3

Days of 0% 5% 10% 15% 20% 25% 30%
curing R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE

28days 3.41E-05 3.66E-05 3.90E-05 4.32E-05 5.85E-05 7.82E-05 1.00E-04

1.20E-04
1.00E-04 o
8.00E-05 ef
6.00E-05 o

4.00E-05 JRP o0 28 days

Permeability in cm/s

2.00E-05

0.00E+00
0% 5% 10% 15% 20% 25% 30%

% of R-LDPE replaced by volume of sand

Fig. 7 Permeability of mortar mix 1:3

The results of the conventional seepage test of the OPC-43 grade concrete mix M-45 after 28 days from casting are
shown in Fig. 8 and tabulated in Table 15. The results show that the R-LDPE in concrete increases water
permeability in the concrete mix M-45. As the contentment of R-LDPE increases, the porosity of the sample
parallelly increases. The inference from the seepage tests shows that replacing R-LDPE with sand makes the
sample porous. Aforesaid, the conjecture of this study fails as R-LDPE makes the concrete mixture porous. The
inference from the seepage tests shows that replacing R-LDPE with sand makes the sample porous. The increase
in R-LDPE percentage increases the porosity of the sample, which is explained in Fig. 8, and Table 15 ensures the
validity of the results.

Table 15 Permeability of concrete M-45

Days of 0% 5% 10% 15% 20% 25% 30%
curing R-LDPE R-LDPE  R-LDPE R-LDPE  R-LDPE R-LDPE R-LDPE
28 days 2.40E-07 6.25E-07 6.71E-07 7.21E-07 7.96E-07 8.49E-07 9.50E-07

1.00E-06
9.00E-07
8.00E-07 e
7.00E-07 )
60007 £

5.00E07  § w0 28 days
4.00E-07 |
3.00E-07

2.00E-07
0% 5% 10% 15% 20% 25% 30%

% of R-LDPE replaced by volume of sand

.
. et

Permeability in cm/s

)

Fig. 8 Permeability of concrete M-45
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3.4 Rapid Chloride Permeability Test

Figure 9 shows and Table 16 tabulates the RCPT test results for the OPC-43-grade concrete mix M-45. Table 16
shows that the concrete becomes porous by replacement of R-LDPE to the volume of sand. The normal concrete
with 0% R-LDPE shows 2400 coulombs of charge discharged between the two terminals. After the addition of R-
LDPE, the discharge of charge between the terminals increases more than double-fold. The ratio between
conventional permeability tests and the RCPT (Kscm/Ko) shows slight variations in the graph. Nevertheless, the
ratio value increases proportionally to the percentage of R-LDPE increase. Figure 10 shows the ratio between
conventional permeability tests and the RCPT. The R-LDPE increase proportionally increases porosity in the
sample, leading to an increase in the exchange of charges between the terminals. The sample analysis showcases
that when the quantity of R-LDPE increases, that results in increased porosity, causing the increase in seepage.

Table 16 RCPT of concrete M-45

Days of 0% 5% 10% 15% 20% 25% 30%
curing R-LDPE  R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE R-LDPE
28 days 2400 5200 5470 5586 5768 5925 6017

Kscm/Ko 0.1 0.12 0.123 0.129 0.138 0.143 0.158

6500
ot I o TRLRR o
5300 e @t o

5000
4500 |
- @+ 28 days
3500 :

3000 |

2500 5

2000
0% 5% 10% 15% 20% 25% 30%

% of R-LDPE replaced by volume of sand

Charge passed in Coulombs

Fig. 9 RCPT of concrete M-45
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Fig. 10 Permeability to RCPT ratio Kscm/Ko
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3.5 Significance of the Study

The study of the R-LDPE replacement to the volume of sand with a 5% increment up to 30% aids us in identifying
a suitable replacement percentage of R-LDPE plastic powder in mortar and concrete. The flexure tests show the
flexural strength achieved by using R-LDPE [13]. The seepage test and RCPT evaluate the permeability nature of
the mortar and concrete [14, 15]. This study proves that using R-LDPE plastic powder [16, 17] can create porous
concrete in an eco-friendly way. The porous concrete is suitable for pavement, paver blocks, garden tiles, and plant
pot making [18, 19, 20]. The mortar and concrete mix using LDPE wastes will reduce environmental impact and
pave the way for the reuse of waste as raw material [21, 22, 23]. Substituting up to 15% of sand with R-LDPE will
reduce the environmental impact of low-density plastics [5, 24]. Replacing 15% of sand with R-LDPE does not
compromise the compressive and flexural strengths of mortar and concrete.

4. Conclusions

Using R-LDPE as a replacement for sand in mortar and concrete provides amicable results. The inferred results
show the favourable replacement limit lies between 15% and 20%. The further replacement percentages of R-
LDPE show a reduction in compressive and flexural strength. The seepage test and RCPT show that both the
mortar and concrete became porous, resulting in water seepage. The seepage test to RCPT ratio shows similar
results. The flexural strength anomalies are because of the distribution of R-LDPE particles in the concrete. The
conjecture of this study fails, as the R-LDPE plastic particles fail to block pores in the concrete. This property of R-
LDPE particles results in porous mortar and concrete. 15% R-LDPE replacement by sand volume is the suitable
substitution percentage for mortar and concrete. The mortar and concrete prepared using 15% of R-LDPE
replacement can be used for laying porous roads, which will aid in effective water seepage to the water table.
Using a 15% R-LDPE replacement for sand allows manufacturers to make paver blocks, garden tiles, and plant
pots with effective draining and seepage of excess water. The 15% R-LDPE usage will reduce the pollution impact
of waste LDPE on the environment.
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