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ABSTRACT 

The two objectives are to increase concrete's qualities while lowering construction costs. 

Additionally, e-waste is a global issue that affects both wealthy and underdeveloped countries. 

The reason is that, except from a few conventional methods, there is no alternative way to 

dispose of electronic waste. E-waste is typically disposed of by incineration or landfill, but 

landfills require a large land area and can also seep pollutants into the groundwater. In contrast, 

burning produces air pollution. Therefore, incorporating E-Waste in concrete is a better concept 

than using these conventional techniques. Several researchers have studied the use of E-Waste 

in concrete. They conduct strength and durability tests on the E-Waste they use as coarse 

aggregate, fine aggregate, admixture, and other materials in their study. Research suggests that 

raw resources could be substituted by e-waste. In the current study, ABS plastic is used in 

various percentages to replace coarse aggregate, including 5%, 10%, 15%, and 20%. A concrete 

structure's lifespan is between 50 and 100 years. But ten years after completion, and 

occasionally much sooner, the structure begins to deteriorate. After a given number of years, the 

structure develops little cracks that might either be structural or superficial. Multiple studies 

have suggested bacterial self-healing concrete as a solution to this problem. Numerous works 

have studied the self-healing capabilities of concrete, thus in this paper we analyze the strength 

characteristics of self-healing bacterial concrete by mixing bacteria (Bacillus Subtilis) with 

calcium source.Calcium lactate was supplied as a calcium source at 5% and 10%, respectively, 

while Bacillus subtilis bacteria were added at 3% and 5%, respectively, in the study. Therefore, 

the study addresses the economic aspects of both building and upkeep. A comparison of earlier 

studies using ANN and MLR models in relation to e-plastic waste as coarse aggregate 

demonstrates that ANN model is significantly more accurate in predicting the strength of e-

plastic waste concrete than MLR model. 

Key Words: E-Waste ,Calcium Lactate, Bacillus Subtilis, e-plastic waste, Single, MLR model. 
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INTRODUCTION 

Usually referred to as gravel and sand, coarse and fine aggregate are chemically inert 

materials that are joined together by cement and water to form concrete, a composite 

material. Nearly all civil engineering projects, including those involving railroads, 

airports, defense installations, etc., employ concrete. Clay was once utilized by people 

as a binding agent. Later, the Egyptians began mixing lime and gypsum. At that time, 

lime started to be regarded as the main building material. Portland cement was created 

in 1824 by "Joseph Aspdin" through the burning and grinding of clay and limestone. 

Because they are inert materials and can react with other concrete constituents, 

aggregates must be carefully chosen. In aggregates, sizes smaller than 4.75mm are 

referred to as fine aggregates, whereas sizes greater than 4.75mm are referred to as 

coarse aggregate. More water is needed to fully hydrate concrete, therefore curing was 

taken into consideration at this point. Technically, the Calcium-Silicate-Hydrate gel, 

often known as C-S-H gel, is created following 

This stage took around 6-7 hours to complete, and the pace of strength development is 

faster than it was in the first. In the third stage, which occurs towards the end and 

completes hydration, less heat is produced and the rate of strength development is 

slower. 

India came in third with 3.2 million tonnes of E-Waste output, after the US and China. 

According to that, India's production of e-waste surged by more than 43% between 2017–

18 and 2019–20. E-waste surged by more over one million tonnes in three years, which is 

far greater than Supriyo's (2020) prediction of 0.7 million tonnes. 

 

OBJECTIVE OF THEWORK 

 

The goal of this study was to lessen the environmental contamination that is caused by plastics 

from e-waste, which is bad for both the environment and human health. In a similar manner, 

self-healing concrete, a new method, and waste materials were introduced in an effort to lower 

the cost of concrete building. 

The study's aims are as follows: 

 
 

  Examine the impact of partially substituting coarse aggregate with e-waste 

plastic on the strength of concrete. 

  Test the impact of calcium lactate, a calcium supply for bacteria, on the 
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strength of concrete. 

  Test the impact of bacteria (Bacillus Subtilis) and calcium lactate on the 

strength of concrete. 

  To establish the ideal proportion of calcium lactate and bacteria in the 

concrete mix. 

  Add E-Waste plastic and bacteria to the concrete mix together with the calcium 

source to see how that affects the concrete's strength. 

  To assess the savings and costs of concrete construction. 

  To do results analysis based on prior literature 

 

Result:- 

1. TestresultofCement 

In the study OPC 43 grade is used for concrete mix design. Table 4.1 is showing theresults 

obtained by testing of cement. All the test results of cement were obtained asperspecified 

inIS 8112-20. 

 
Table1Testresultof OPC43gradeCement 
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2. TestresultofAggregate 

TestofFineaggregateaswellasCoarseaggregateisdoneinthefollowingformats.Theresults of 

fineandcoarseaggregatearedonein the section 4.3.1and 4.3.2. 

 
TestresultsofFineAggregates(Sand)-Table4.2and4.3isshowingthePropertiesof 

sand.Figure4.1 showsthegradingoffine aggregate. 

 
Table2 Resultoffineaggregate 

 

 
Fromtheabovesieveanalysis,itisconfirmedthatthefineaggregatebelongstoZONE2 

Table3Grading offineaggregateas persieveanalysis 
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Fig.1Gradingoffineaggregate 

 
 

TestresultsofCoarseAggregates-ResultsofTestofCoarseaggregatesisgivenin Table 4.4 to 

4.8, Table 4.4 provides the properties of Aggregate used and Table 

4.5toTable4.8givesthevariousgradingofcoarseaggregates.TheFigures4.2to4.5givesgradingof 

coarse aggregate. 

 
Table4TestResultsof CoarseAggregate 

 

Test Result 

SpecificGravity 2.91 

Waterabsorption 0.61% 

CrushingValue 21.90% 

Impactvalue 10.02% 

Abrasionvalue 20.20% 

Density 1743.2Kg/m3 
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120.0% 
Gradingof20mmAggregate 

100.0% 

100.0% 

 

80.0% 

73.9% 

60.0% 

 

40.0% 
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Table5Gradingof 20mmAggregate 
 

 

 
Sieve 

 
Weight 

Retained(Gram) 

 

 
%Retained 

 
Cumulative 

%Retained 

 

 
%Passing 

40 0 0% 0% 100.00% 

20 2610 26% 26% 73.90% 

10 6980 70% 96% 4.10% 

4.75 410 4% 100% 0.00% 

Total 10000    

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Grading of 20mm 

aggregateTable4.6Gradingof10mmAggregate 
 

 

Sieve 
Weight 

Retained(Gram) 

 

%Retained 
Cumulative 

%Retained 

 

%Passing 

20mm 0 0% 0% 100.00% 

10mm 590 12% 12% 88.20% 

4.75mm 4096 82% 94% 6.28% 

2.36mm 145 3% 97% 3.38% 

pan 169 3% 100% 0.00% 

Total 5000 
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Fig.3Gradingof10mmaggregate 

 
 

Table7Gradingof MixedAggregate 
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Fig.4GradingofMixedaggregate10mmand 20mm 

 
 

Table8Grading of allin aggregate 
 

 
SieveSize 

Aggregate(66

%) 

Sand(34%) BlendedProporti

on 

DesiredPropor

tion 

40mm 100.00% 100.00% 100.00% 100 

20mm 86.95% 100.00% 91.39% 95 to 100 

4.75mm 3% 94.80% 34.30% 30 to 50 

600µ 0% 57.80% 19.65% 10 to 35 

150µ 0% 5.20% 1.77% 0 to6 
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Fig.5GradingofAllinAggregate 

TestsonConcrete 

Mainlytwotestsareconductedonconcrete.Firstworkabilitytestforfreshconcreteandstrengthtest 

for hardconcrete. 

1. Concrete Workabilitytest 

2. ConcreteCompressivestrengthtest 

3. ConcreteSplitTensilestrengthtest 

 
WorkabilityTest 

Workability is how easily the fresh concrete can mixed, placed, and finished. 

TheWorkability of concrete is determined through slump cone test, as per IS 1199. 

Slumptest is conducted over fresh concrete. The slump mould has Top diameter of 

100mmand Bottom of 200mm. height of mould is 300mm as per the IS Code 1199. 

Aftermixing of concrete that is filled in cone in three layers and each layer is compacted 

25timesbythetampingrod.Lengthoftempingrodis600mmwithdiameterof16mm.Thevarioussl

ump values areshown in Table4.9 for all typeof mixproportion. 

 
Table9ValueofSlumpfordifferentconcretemixes 
 

 

 
Mix 

 

E-

Waste(R) 

 

Bacteria(B) 

 

Calcium 

Lactate(L) 

 

Slump(mm

) 

C 0% 0% 0% 78 

R1 5% 0% 0% 80 

R2 10% 0% 0% 83 

R3 15% 0% 0% 85 

R4 20% 0% 0% 88 

B1 0% 3% 0% 81 

B2 0% 5% 0% 88 

L1 0% 0% 5% 76 

L2 0% 0% 10% 72 

L+B 0% 3% 5% 79 

L+B+R 10% 3% 5% 84 
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Results of Concrete Testing using E-Waste as a Partial Replacement of 

Coarse Aggregate 

Compressive Strength test results by replacement of coarse aggregates by E-Waste isshown 

in the Table 4.10 and Fig 4.6 as well as the results of split tensile strength testareshown in 

Table 4.11and Fig. 4.7. 

Table 10 Concrete Compressive Strength with E-Waste Used to Replace Coarse 

Aggregates 

 

Mix 

 
E-Waste(%) 

Compressive Strength(MPa) 

7 days 28 days 

C 0% 28.41 41.19 

R1 5% 28.83 41.78 

R2 10% 29.41 42.96 

R3 15% 28.38 40.3 

R4 20% 27.82 39.17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.6Compressive strength over 7 and 28 days with varying E-Waste content
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Table11Concrete's Split Tensile Strength When Coarse Aggregates Are 

Replaced With E-Waste 

 

 

Mix 

 

 
E-Waste(%) 

 
Split Tensile Strength(MPa) 

7 days 28 days 

C 0% 3.77 4.29 

R1 5% 3.89 4.38 

R2 10% 3.96 4.44 

R3 15% 3.89 4.38 

R4 20% 3.71 4.24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7 Split tensile strength over 7 and 28 days with varying e-waste content
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TestResults ofConcretebyadditionofCalciumLactate 

CompressiveStrengthtestresultsbyadditionofCalciumLactateisshownintheTable 

4.12 andFig4.8aswellastheresultsofsplittensilestrengthtestareshowninTable 

4.13 andFig.4.9. 

 
 

Table 12 Results of Concrete's Compressive Strength Test after Calcium Lactate 

Addition 

 

 
 

Mix 

 

 
CalciumLactate(

%) 

 
Compressive Strength(MPa) 

7 days 28 days 

C 0% 28.41 41.19 

L1 5% 28.34 40.36 

L2 10% 21 30.48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.8Compressive strength over 7 and 28 days at various calcium lactate percentages
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Table 13 Concrete's split tensile strength after being strengthened with calcium 

lactate 

 

 

 

 

 
Mix 

 

 

 

 
CalciumLactate(%) 

 

 

 

SplitTensileStrength(MPa) 

 

7 days 

 

28 days 

 

C 
 

0% 
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4.29 

 

L1 
 

5% 
 

3.88 
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Fig.9Compressive strength at different calcium lactate percentages after 7 and 28 

days 

TestResultsofConcretebyadditionofBacteria(BacillusSubtilis)Compressive 

Strength test results by addition of Bacteria (Bacillus Subtilis) is shownin the Table 4.14 

and Fig 4.10 as well as the results of split tensile strength test areshownin Table 4.15 

andFig. 4.11. 

Table14Results of Concrete's Compressive Strength Test after Bacteria Addition 

 

 

 

 

 

Mix 

 

 

 

Bacteria(Bacillus 

Subtilis)(%) 

 

 

 
Compressive Strength(MPa) 

7 days 28 days 

C 0% 28.41 41.19 

B1 3% 31.17 43.91 

B2 5% 26.73 37.48 
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Fig.10Compressive strength at different percentages of bacteria (Bacillus Subtilis) 

for 7 and 28 days 

Table15Concrete's split tensile strength test results when bacteria are added 
 

 

 

 

 

 
Mix 

 

 

 

 
Bacteria(Bacillus 

Subtilis)(%) 

 

 

 
SplitTensileStrength(MPa) 

 

7 days 

 

28 days 

C 0% 3.77 4.29 

B1 3% 3.97 4.58 

B2 5% 3.69 4.21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.11Split tensile strength at 7 and 28 days with different bacterial concentrations 

(Bacillus Subtilis) 
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Test Result of Concrete by combined Bacteria (Bacillus 

Subtilis)andCalciumLactate 

TopreparetheconcretebycombiningBacteria(BacillusSubtilis)andCalciumLactatewetookthe

optimumpercentagesoftheBacillusSubtilisandCalciumLactatefromtheprevious mixes 

prepared. Through them we got to know that 3% Bacteria gives themaximum strength and 

in the same way 5% Calcium Lactate gives the maximumstrength. So here a mix is 

prepared consists of 5% calcium Lactate and 3% Bacteria.The results are as follows. 

Compressive strength test results are shown in Table 4.16andFig4.12and 

splittensilestrengthtest isgivenin Table4.17 andFig. 4.13 

 
Table 16 Results of Concrete's Compressive Strength Test after Adding Calcium 

Lactate and Bacteria 

 

 
Mix 

 
 

Calcium Lactate(%) 

 
 

Bacteria(%) 

 
Compressive Strength(MPa) 

7 days 28 days 

C 0% 0% 28.41 41.19 

L1 5% 0% 28.34 40.36 

B1 0% 3% 31.17 43.91 

B+L 5% 3% 30.28 43.13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 7 Compressive Strength at days and 28 days with Bacteria and Calcium 

Lactate
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Table 17 Concrete's split tensile strength after being strengthened with calcium 

lactate and bacteria 

 

 
 

Mix 

 

 
Calcium Lactate(%) 

 

 
Bacteria(%) 

 

SplitTensileStrength(MPa) 

7 days 28 days 

C 0% 0% 3.77 4.29 

L1 5% 0% 3.88 4.42 

B1 0% 3% 3.97 4.58 

B+L 5% 3% 4.41 5.08 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 13 Split tensile strength over 7 and 28 days when bacteria and calcium lactate are 

added
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Test Result of Concrete by combined Bacteria (Bacillus 

Subtilis),CalciumLactateandE-Waste 

To prepare the concrete by adding Bacillus subtilis, Calcium Lactate and E-Waste weuse 

optimum of all these. Which is 3% for Bacteria (Bacillus Subtilis), 5% CalciumLactate, 

and 10% of E-Waste. The results are as follows. Compressive strength testresults are 

shown in Table 4.18 and Figure 4.14 and Split Tensile strength test resultsareshown in 

Table 4.19andFigure4.15. 

 
Table 18 Concrete's compressive strength after being tested with calcium lactate, 

bacteria, and e-waste 

 
 

Mix 

 
Calcium 

Lactate(%) 

 
Bacteria(%) 

 
E-

Waste(%) 

Compressive 

Strength(MPa) 

7 days 28 days 

C 0% 0% 0% 28.41 41.19 

L1 5% 0% 0% 31.17 43.91 

B1 0% 3% 0% 28.34 40.36 

B+L 5% 3% 0% 30.28 43.13 

B+L+R 5% 3% 10% 31.93 44.87 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.14Compressive strength for 7 and 28 days after introducing bacteria, calcium 

lactate, and e-waste
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Table 19 Concrete's split tensile strength was tested with the addition of calcium lactate, 

bacteria, and e-waste. 

 

 
Mix 

 

 
Calcium 

Lactate(%) 

 

 
Bacteria(%) 

 

 
E-

Waste(%) 

 
Split Tensile 

Strength(MPa) 

7 days 28 days 

C 0% 0% 0% 3.77 4.29 

L1 5% 0% 0% 3.97 4.58 

B1 0% 3% 0% 3.88 4.42 

B+L 5% 3% 0% 4.41 5.08 

B+L+R 5% 3% 10% 4.52 5.16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 15 Split tensile strength over 7 and 28 days when bacteria, calcium lactate, and e-

waste are added 
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Conclusion- 

The experimental study's results can be used to reach the following conclusions: 

 

The study examined the effects of incorporating various additives into concrete and assessed their 

impact on compressive strength and split tensile strength. Coarse aggregates were replaced with E-

plastic waste at different percentages. 

The results showed that the maximum strength was observed when coarse aggregates were 10% 

replaced with E-plastic waste. Compared to ordinary concrete, this replacement led to a 4.30% increase 

in compressive strength and a 3.50% increase in split tensile strength. 

However, it was noted that as the replacement percentage of coarse material with E-plastic waste 

increased beyond 10%, the strength started to decline. 

Another aspect investigated was the addition of bacteria to concrete. When bacteria were added, the 

split tensile strength improved by 6.76% and the compressive strength increased by 6.6%. However, 

beyond a bacteria percentage of 5%, the strength began to decline. 

Furthermore, the study looked into the effects of adding 5% calcium lactate to concrete. This resulted in 

a decrease of 2.02% in compressive strength but an increase of 3.03% in split tensile strength. However, 

when the percentage of calcium lactate was increased to 10%, both compressive and split tensile 

strengths declined. 

Additionally, the combination of calcium lactate and bacteria in concrete showed positive results. 

Compressive strength and split tensile strength increased by 5% and 3%, respectively, resulting in 

increases of 4.71% and 18.41%, respectively. 

Finally, the study examined the combined effects of E-plastic waste, bacteria, and calcium lactate in 

concrete. The addition of 10%, 3%, and 5% of E-Plastic, Bacteria, and Calcium Lactate, respectively, led 

to an 8.93% increase in compressive strength and a 20.28% increase in split tensile strength compared 

to ordinary concrete. 

It is essential to note that these results provide valuable insights into the potential of these additives to 

enhance concrete strength, but further research is necessary to optimize their application in real-world 

construction scenarios. 

 

The cost of construction was reduced by 3.44% by using E-Waste Plastic aggregates in place of 

coarse aggregate. 

 

Cost research reveals that 10% of coarse aggregate can be replaced with e-waste to save $55,600 

per km of road length. 
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Analysis reveals that the Multiple Linear Regression (MLR) model with R2=0.8948 predicts 

experimental compressive strength values less accurately than the Artificial Neural Network (ANN) 

with R2=0.9998. 

 

It is possible to replace coarse aggregate with E-Plastic waste, bacteria, and calcium lactate when 

strength standards are taken into account. Consequently, it can be said that using E-Plastic Waste as 

coarse aggregate in concrete is a possibility. 

 

REFERENCES 

 

1. IS:10262(2019).ConcreteMixProportioning-

Guidelines.NewDelhi:BureauofIndianStandards.https://civiconcepts.com/wp-

content/uploads/2020/11/4.IS-10262-2019-New-Mix-design.pdf 

 

2. IS:1199 (1959). Methods of Sampling and Analysis of Concrete. New Delhi: Bureau of 

IndianStandards. 

 

3. IS:2386 (1963). Methods of Test For Aggregate For Concrete. New Delhi: Indian 

StandardsInstitution.https://law.resource.org/pub/in/bis/S03/is.2386.5.1963.pdf. 

 

4. IS:383(2016).CoarseandFineAggregatesforConcrete-

Specification.BUREAUOFINDIANSTANDARDS.http://skgcgroup.com/wp-

content/uploads/2020/02/IS%20383-2016.pdf. 

 

5. IS:516 (1959) Methods of Tests For Strength of Concrete.New Delhi: Bureau of 

IndianStandards. 

 

6. IS:5816 (1999) Splitting Tensile Strength Of Concrete-Method of Test. New Delhi: Bureau 

OfIndianStandards. https://www.iitk.ac.in/ce/test/IS-codes/is.5816.1999.pdf. 

 

7. IS:8112 (2013) Ordinary PortlandCement, 43 Grade— Specification Bureau Of 

IndianStandards.https://www.iitk.ac.in/ce/test/IS-codes/is.8112.2013.pdf. 

 
8. Abishek Kumar A. A, Eveena Stephen, Merin George, Ansaf muhammad, Naveen 

Charles.2020.EvaluationofStrengthandDurabilityPropertiesforVariousAmountofBacillusSubtil

isBacteria in Concrete. International Journal of Engineering Research & Technology 

(IJERT)548-551.http://www.ijert.org. 

 

9. Aditya Tadimeti, Jeff Sutton. 2020. The Effects of Different Aquatic Environments on the 

Rateof Polyethylene Biodegradation by Bacillus subtilis. Journal of Emerging Investigators ll: 

1-7.www.emerginginvestigators.org. 

 
10. Ahirwar, Sunil, Pratiksha Malviya,Vikash Patidar, and Vikash KumarSingh. 

2016."AnExperimentalStudyonConcretebyusingEWasteaspartialReplacementforCourseAggre

gate." IJSTE - International Journal of Science Technology & Engineering | Volume 3 

|Issue047-13.www.ijste.org. 

 

11. Balde,C.P,Forti,Kuehr,andStegmann.2017.TheGlobalE-

WasteMonitor2017.Bonn/Geneva/Vienna:UnitedNationsUniversity 

(UNU),InternationalTelecommunicationUnion(ITU)&InternationalSolidWasteAssociation(IS

http://skgcgroup.com/wp-content/uploads/2020/02/IS%20383-
http://skgcgroup.com/wp-content/uploads/2020/02/IS%20383-
http://www.iitk.ac.in/ce/test/IS-codes/is.5816.1999.pdf
http://www.iitk.ac.in/ce/test/IS-codes/is.8112.2013.pdf
http://www.ijert.org/
http://www.emerginginvestigators.org/
http://www.ijste.org/


 

92 
© 2023, IRJEdT Volume: 05 Issue: 08 | Aug-2023 

WA).https://www.itu.int/en/ITU-D/Climate-Change/Documents/GEM%202017/Global-E-

Waste%20Monitor%202017%20.pdf. 

 

12. Bennett, Natalie. 2021. Twitter. june 29. 

https://twitter.com/natalieben/status/1409902839434973184. 

 

13. C. Manvith Kumar Reddy, B. Ramesh, Macrin D, Kanth reddy. 2020. "Influence of 

bacteriaBacillus subtilis and its effects on flexural strength of concrete." Materials Today: 

Proceedings1-6.doi:https://doi.org/10.1016/j.matpr.2020.07.225. 

 

14. 2019-20.CentralPollutionControlBoardAnnualReport.Delhi,India:MinistryofEnvironment,

Forest & Climate

Change.https://cpcb.nic.in/openpdffile.php?id=UmVwb3J0RmlsZXMvMTI0M18xNjE2NTYxOT

AxX21lZGlhcGhvdG8xMTgzNi5wZGY=. 

http://www.itu.int/en/ITU-


 

 

15. 2021.CentralPublicWorksDepartment.Delhi:GovernmentofIndia.https://cpwd.gov.in/Publi

cation/DSR_2021_VOL_I_ENGLISH_Dir.pdf. 

 
16. 2021. Children and digital dumpsites: E-Waste exposure and child health. Geneva: 

WorldHealthOrganization.file:///C:/Users/91942/Downloads/9789240023901-eng.pdf. 

 

17. 2016.CNNInternational.February 5.https://edition.cnn.com/2016/02/05/asia/gallery/mumbai-

deonar-garbage-dump/index.html. 

 

18. Dawande, Bharat, Devansh Jain, and Gyanendra Singh. 2015. "Utilization of E-Waste as 

aPartial Replacement of Coarse Aggregate in Concrete." International Journal for 

ScientificResearch &Development6-9.www.ijsrd.com. 

 

19. F. Khademi, K. Behfarnia. 2016. "evaluation of concrete compressive strength using 

artificialneuralnetworkandmultiplelinearregressionmodels."internationaljournalofoptimiza

tionincivilengineering423-432. https://www.researchgate.net/publication/297532369. 

 
20. Forti, Vanessa, Cornelis peter Balde, Ruediger Kuehr, and Garam Bel. 2020. The Global 

E-WasteMonitor2020.Rotterdam:WorldHealthOrganization,1-

120.http://ewastemonitor.info/wp-content/uploads/2020/12/GEM_2020_def_dec_2020-

1.pdf. 

 

21. Gavhane, Aditya, Dinesh Sutar, Shubham Soni, and Praveen Patil. 2016. "Utilisation of E -

Plastic Waste in Concrete." International Journal of Engineering Research & Technology 

594-601.http://www.ijert.org. 

 

22. HenkM.Jonkers,ErikSchlangen.2008."Developmentofabacteria-

basedselfhealingconcrete."TailorMadeConcreteStructures–Walraven&Stoelhorst425-

430.https://www.researchgate.net/publication/267716612. 

 

23. 2018."IndiaEnvironmentPortal."http://www.indiaenvironmentportal.org.in/.March22.http://

www.indiaenvironmentportal.org.in/files/file/E- 

%20Waste%20(Managment)%20Amendment%20%20Rules,%202018.pdf. 

 

24. 2021.InternationalE-Wasteday14October2021.October14.https://weee-forum.org/iewd-

about/. 

 

25. jogi,PavanKumar,andT.V.SVaraLaxmi.2021."Selfhealingconcretebasedondifferentbacteria

: A review." MaterialsToday Proceedings 1246-

1252. 

doi:https://doi.org/10.1016/j.matpr.2020.08.765. 

 

26. Joseph, Jacob. 2013. A Gentle Introduction to Neural Network. 

https://clevertap.com/blog/neural-networks/. 

 

27. Kumar,K.Senthil,andK.Baskar.2014."ResponseSurfacesforFreshandHardenedPropertiesof

ConcretewithE-

Waste(HIPS)."JournalofWasteManagement(HindawiPublishingCorporation) 1-

15.doi:10.1155/2014/517219. 

 

28. Manatkar, Pravin A., and Ganesh P. Deshmukh. 2015. "Use Of Non-Metallic E-Waste As 

ACoarseAggregate In AConcrete."InternationalJournalof Research in 

http://www.ijsrd.com/
http://www.researchgate.net/publication/297532369
http://ewastemonitor.info/wp-content/uploads/2020/12/GEM_2020_def_dec_2020-1.pdf
http://ewastemonitor.info/wp-content/uploads/2020/12/GEM_2020_def_dec_2020-1.pdf
http://www.ijert.org/
http://www.researchgate.net/publication/267716612
http://www.indiaenvironmentportal.org.in/
http://www.indiaenvironmentportal.org.in/files/file/E-
http://www.indiaenvironmentportal.org.in/files/file/E-
http://www.indiaenvironmentportal.org.in/files/file/E-


 

 

EngineeringandTechnology242-246. doi:10.15623/ijret.2015.0403040. 

 
29. Manjunath, Ashwini. 2016. "Partial replacement of E-plastic Waste as Coarse-aggregate 

inConcrete."InternationalConferenceonSolidWasteManagement.Bangalore:ProcediaEnviro

nmentalSciences. 731-739.doi:10.1016/j.proenv.2016.07.079. 

 

30. Meltem Özturan, Birgül Kutlu, Turan Özturan. 2008. "Comparison Of Concrete 

StrengthPrediction Techniques With Artificial Neural Network Approach." Building 

Research Journal56:23-36. 

 


