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ABSTRACT 

The aim is to reduce the cost of construction and enhance the properties of the concrete. Also, E-Waste is a global problem for both developing and developed 

nations. The reason is, there is no method of disposal of E-Waste other than some traditional ones. Landfill and incineration are commonly used for disposal of E-

Waste but, landfill needs a wide landmass and also pollute the groundwater by leaching. On the other hand, incineration cause air pollution. So, using E-Waste in 

concrete is the better idea as compared to these traditional methods. Different researchers worked over the utilization of E-Waste in concrete. In their research, they 

use E-Waste as coarse aggregate, fine aggregate, admixture and so on, and perform both strength and durability test over them. The researches show the possibility 

of substitution of raw materials with E-Waste. In the present study coarse aggregate is replaced by ABS plastic with various percentages which are 5%, 10%, 15% 

and 20%. Concrete structures have a lifespan of about 50-100years. But, deterioration of structure starts in 10years and sometimes within a year of the construction. 

Small cracks are generated into the structure after certain years which are either structural cracks or superficial cracks. To deal with this the various researches 

shows bacterial self-healing concrete. The self-healing ability of concrete was discussed in various papers so in this paper we are conducting an analysis on strength 

properties of self-healing bacterial concrete by adding bacteria (Bacillus Subtilis) with calcium source. The bacteria (Bacillus Subtilis) were added at 3% and 5% 

and Calcium Lactate as calcium source was added at 5% and 10% respectively in the research. Thus, the study deals with economical aspect not only for construction 

but also for maintenance purposes.  

Introduction   

             Concrete is a composite material, consisting of chemically unreactive substances such as coarse aggregate and fine aggregate which are usually 

referred to as gravel and sand which are bonded together by cement and water. Concrete is used in almost all types of civil engineering works, railways, 

airports, defence installation etc. In ancient times people used clay as binding substances. Later on, Egyptians started using lime and gypsum together. 

That was the time when lime came to be considered as the primary construction material. In 1824 “Joseph Aspdin” burned limestone and clay grounded 

them and developed Portland cement. 

Aggregates are to be chosen very carefully because they are inert substances and any impurity in them can react with other components of concrete. In 

aggregates, the aggregates with size less than 4.75mm are considered as fine aggregates and more than 4.75mm are considered as coarse aggregate. When 

all the components are added together they form a thick paste which can be moulded to any desired shape. When mix is placed after moulding, curing is 

done. Once we added cement into concrete the hydration process initialized, due to which the water into concrete also participated in the hydration process 

and evaporated. To complete hydration concrete requires more water, from here curing came into account. Technically the C-S-H gel i.e. Calcium- 

Silicate-Hydrate gel is formed after curing, which is the main binder in concrete. 

Basically, curing is the reaction of cement and water. There are three stages of curing concrete. In the first stage the strength gain is minimum and occurs 

just after the water is added. The second stage takes place after initial setting of concrete, here the rate of strength development is more as compared to 

first stage, this stage took about 6-7 hours to complete. The final stage i.e. third stage takes place at the end in which complete hydration is done, in this 

process heat generated is less with lower rate of strength development. 

Compressive strength test is carried out using compression testing machine (CTM), grade of concrete is determined after a curing period of 28 days. The 

major portion of strength of concrete is observed after 28 days of curing thus this strength is used in almost all engineering purposes. For cement concrete 

roads we generally use the 

ultimate strength after 90 days by keeping in mind that there are very few commercial vehicles that travel on a particular span during the period of 90 

days. But, due to general practice of identifying the strengths after 28days the IRC provides the multiplying factor to determine the 90days strength 

through 28days strength. 
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Objectives of the project: 

This research focused on reducing environmental pollution generated by E-Waste Plastic which is harmful for environment as well as human health. In 

the same way tried to reduce the construction cost of concrete by using waste materials as substitute and introducing the modern technique of self-healing 

concrete. 

Following are the objectives of the study: 

• Find out the effect on strength of concrete by partial replacing coarse aggregate with E-Waste Plastic. 

• Find out the effect on strength of concrete by adding Calcium Lactate (a calcium source for bacteria) in concrete. 

• Find out the effect on strength of concrete by adding Bacteria (Bacillus Subtilis) and Calcium Lactate in concrete. 

• To determine the optimum percentage of Bacteria and Calcium Lactate in concrete mix. 

• Find out the effect on strength of concrete by adding E-Waste Plastic and Bacteria along with the calcium source in concrete mix. 

• To evaluate the cost and savings in concrete construction. 

• To analysis of results based on previous literatures 

Result & Discussions 

Table 1 Test result of OPC 43 grade Cement 

Test Result 

Specific Gravity 3.15 

initial setting time 35 minutes 

final setting time 363 minutes 

7 days compressive strength 32.9 

28 days compressive strength 45.32 

Fineness 9% 

Consistency 27% 

 

Table 2 Result of fine aggregate 

 

Test Result 

Specific gravity 2.62 

fineness modulus 2.63 

Loose density 1579 kg/m3 

compacted density 1590 kg/m3 

grading zone 2 

From the above sieve analysis, it is confirmed that the fine aggregate belongs to ZONE 2 

Table 3 Grading of fine aggregate as per sieve analysis 

 

S. No. 

 

Is Sieve 

 

Weight 

Retained 

Cumulative 

Weight Retained 

Cumulative 

Percent Retained 

Cumulative 

Percent Passing 

1 10mm 0 0 0% 100% 

2 4.75mm 26 26 5% 95% 

3 2.36mm 53 79 16% 84% 

4 1.18mm 79 158 32% 68% 

5 600µ 53 211 42% 58% 

6 300µ 158 369 74% 26% 

7 150µ 105 474 95% 5% 

8 PAN. 26 500   

 Total 500  263%  
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Fig. 1 Grading of fine aggregate 

Table 4 Test Results of Coarse Aggregate 

Test Result 

Specific Gravity 2.91 

Water absorption 0.61% 

Crushing Value 21.90% 

Impact value 10.02% 

Abrasion value 20.20% 

Density 1743.2 Kg/m3 

 

Table 5 Grading of 20mm Aggregate 

 

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 aggregate 
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Table 6 Grading of 10mm Aggregate 

 

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    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Grading of 10mm aggregate 

Table 7 Grading of Mixed Aggregate 

 

Sieve Size 

Aggregate Size Blended Aggregate  

Desired Proportion 

 

20mm (50%) 

 

10mm (50%) 

 

40mm 

 

100.0% 

 

100.00% 

 

100.00% 

 

100 

 

20mm 

 

73.9% 

 

100.00% 

 

86.95% 

 

90 to 100 

 

10mm 

 

4.1% 

 

88.20% 

 

46.15% 

 

25 to 55 

 

4.75mm 

 

0 

 

6.28% 

 

3.14% 

 

0 to 10 
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Fig. 4 Grading of Mixed aggregate 10mm and 20mm 

Table 8 Grading of all in aggregate 

 

 

Sieve Size 

Aggregate (66%) Sand (34%) Blended Proportion Desired 

Proportion 

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 to 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Grading of All in Aggregate 

Table 9 Value of Slump for different concrete mixes 

 

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 
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L1 0% 0% 5% 76 

L2 0% 0% 10% 72 

L+B 0% 3% 5% 79 

L+B+R 10% 3% 5% 84 

 

Table 10 Compressive Strength of Concrete with Coarse Aggregate Replacement by E-Waste 

 

 

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. 6 7 days and 28 days Compressive Strength at varying percentage of E-Waste 

 

Table 11 Split Tensile Strength of Concrete with Coarse Aggregate replacement by 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 
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Fig. 7 7 days and 28 days Split Tensile Strength at varying percentage of E- Waste 

Table 12 Compressive Strength Test Results of Concrete by adding calcium Lactate 

 

 

 

Mix 

 

 

Calcium Lactate (%) 

 

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. 8 7 days and 28 days Compressive Strength at varying percentage of Calcium Lactate 
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Table 13 Split Tensile Strength Test Results of Concrete by adding calcium Lactate 

 

Mix 

 

Calcium Lactate (%) 

Split Tensile Strength (MPa) 

 

7 days 

 

28 days 

 

C 

 

0% 

 

3.77 

 

4.29 

 

L1 

 

5% 

 

3.88 

 

4.42 

 

L2 

 

10% 

 

3.28 

 

3.79 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9 7 days and 28 days Compressive Strength at varying percentage of Calcium Lactate 

Table 14 Compressive Strength Test Results of Concrete by adding Bacteria 

 

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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 7 days and 28 days Compressive Strength at varying percentage of Bacteria (Bacillus Subtilis) 
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Table 15 Split Tensile Strength Test Results of Concrete by adding Bacteria 

 

Mix Bacteria (Bacillus Subtilis) 

(%) 

Split Tensile Strength (MPa) 

 

7 days 

 

28 days 

C 0% 3.77 4.29 

B1 3% 3.97 4.58 

B2 5% 3.69 4.21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 7 days and 28 days Split Tensile Strength at varying percentage of Bacteria (Bacillus Subtilis) 

 

Table 16 Compressive Strength Test Results of Concrete by 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 days and 28 days Compressive Strength by adding Bacteria and Calcium Lactate 
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Table 17 Split Tensile Strength Test Results of Concrete by adding calcium Lactate and Bacteria 

 

Mix 

 

Calcium Lactate (%) 

 

Bacteria (%) 

Split Tensile Strength (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 7 days and 28 days Split Tensile Strength by adding Bacteria and Calcium Lactate 

 

Table 18 Compressive Strength Test Results of Concrete by adding 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 
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Fig. 14 7 days and 28 days Compressive Strength by adding Bacteria, Calcium Lactate and E-Waste 

 

Table 19 Split Tensile Strength Test Results of Concrete by adding 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 7 days and 28 days Split Tensile Strength by adding Bacteria, Calcium Lactate and E-Waste 

Conclusions  

Following conclusions can be drawn from this experimental study- 
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1. Optimum strength seen at the 10% replacement of Coarse Aggregates with E- Plastic Waste. By replacement of 10% of coarse 

aggregate the compressive strength and split tensile strength increased by 4.30% and 3.50% as compared to conventional concrete. 

2. Coarse Aggregate replacement with E-Plastic Waste, the strength increases up to 10% replacement, further on increasing the 

replacement percentage strength starts decreasing. 

3. On adding bacteria up to 3% compressive strength increased by 6.6% whereas the split tensile strength increased by 6.76% as compared 

to conventional concrete. by increasing the percentage up to 5% of bacteria the strength starts decreasing. 

4. Addition of Calcium Lactate by 5% decreases the compressive strength by 2.02% while the split tensile strength increases to 3.03% 

by comparing conventional concrete. At the other hand on increasing the Calcium Lactate to 10% both compressive as well as split 

tensile strength decreases. 

5. Addition of Calcium Lactate and Bacteria together by 5% and 3% gives increase in Compressive Strength and split tensile strength up 

to 4.71% and 18.41%. 

6. By adding E-Plastic, Bacteria and Calcium Lactate by 10%, 3% and 5% increases compressive and split tensile strength by 8.93% and 

20.28% as compared to conventional concrete. 

7. By replacement of Coarse aggregate with E-Waste Plastic aggregates the cost of construction decreased up to 3.44%. 

8. Cost analysis shows that by replacement of 10% of coarse aggregate with e- plastic waste saves ₹55600 per Km of Road length. 
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