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ABSTRACT:
Aim: The objective of this study is to quantify the influence of 
plastic fiber on the tensile strength of self-compacting concrete 
using a novel microbial technique Microbial induced calcite 
precipitation. Materials and Methods: There are 2 groups 
taken for the study and a total of 18 samples were prepared per 
group with Gpower (80%). Group-1 refers to the convention-
al self-healing concrete and group-2 refers to the plastic fiber 
reinforced self-compacting. concrete. The number of samples 
was calculated using clinical software by adopting the values 
from previously published research papers. The independent 
sample T-test has been carried out using SPSS software ver-
sion 21 which shows a clear increment in the tensile strength of 
the fiber reinforced self-compacting concrete. Result: Tensile 
strength of plastic fiber reinforced self-compacting concrete 
increased by 3.73% when compared with the normal self-com-
pacting concrete. The standard deviation of the tensile strength 
of plastic reinforced bacterial concrete was 0.28965. A signifi-
cant difference between the two groups was observed with a 
p-value of 0.010 (p<0.05) Conclusion: From this experimental 
study it is concluded that the plastic fiber reinforced M20 grade 
self-healing concrete has greater tensile strength than the nor-
mal self-compacting concrete.
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INTRODUCTION: 
The right selection of building materials plays an 

important role when design a building to fall within 
the definition of sustainable development. One of the 
most common used construction materials is con-
crete. Its production causes a high energy burden in 
the environment. Concrete is susceptible to external 
factors(Stanaszek-Tomal 2020).The way to replace 
protection materials with self-protection techniques. 
The latter should be further investigated for develop-
ment of microbial self-healing concrete(Erşan et al. 
2015). The bacterial participation in fiber concrete 
beams had more significant enhancement in the ini-
tial cracking load, ultimate load, moment capacity ra-
tio, ductility ratio, and flexural toughness compared 
to associated conventional concrete (Ghoniem, Has-
san, and Aboul-Nour 2021). The crack healing ratio 
of specimens dropped in significance along with the 
extension of cracking age. When the cracking age was 
more than 60 days, the crack healing ratio was very 
small(Luo, Qian, and Li 2015). In all the techniques, 
calcium lactate is used as an organic precursor. Speci-
mens were made to each mix the quantify crack heal-
ing and to compare changes in compressive strength 
of concrete(Khaliq and Ehsan 2016).

Several research articles were published on 
self-healing concrete in the past five years. More than 
sixty articles were published in google scholar and 
around thirty in science direct. The overall water per-
meability in the bacteria series was about 10 times 
lower than that in non-bacterial series. Wet–dry cy-
cles found to stimulate self-healing in mortar speci-
mens with encapsulated bacteria. No self-healing was 
observed in all specimens stored at 95%RH, indicating 
that the presence of liquid water is an essential com-
ponent for self-healing(Wang et al. 2014).Conversely, 
the recovery of water tightness increases significance 
for specimens containing the healing agent compared 
to specimens without it, when subjected to wet-dry 
cycles. Oxygen concentration measurements and 
bacterial traces on calcite formations confirmed the 
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bacterial activity on specimens containing the healing 
agent (Tziviloglou et al. 2016) Bacterial cement stone 
specimens appeared to produce substantially more 
crack-plugging minerals than control specimens, the 
potential application of bacterial spores as self-healing 
agent appears promising (Jonkers et al. 2010)). Ther-
mogravimetric analysis showed that bacteria were 
able to precipitate CaCO3 crystals inside the cracks. 
It was seen that pure bacteria cultures are not able to 
bridge the cracks. However, when bacteria were pro-
tected in silica gel, cracks were filled completely (Van 
Tittelboom et al. 2010).This research paper seeks to 
optimize the benefits of using post consumed waste 
PET bottles in the fiber form in concrete (WPFRC).
The post consumed waste mineral water plastic bot-
tles are shredded into fibers of specific size and shape. 
Several design concrete mixes with different percent-
ages (0 % to 3 %) of waste plastic fibers for two aspect 
ratios, are casted into desire shape and size as per re-
quirement of the tests. Each specimen was cured for 
28 days (Choudhary 2018).The results show that an 
increase in fiber content improves the tensile strength 
of the concrete matrix. A high fiber content results 
in a substantial amount of fibers crossing a fractured 
section, thereby activating failure resistance mecha-
nisms (Paschalis and Lampropoulos 2017).Our team 
has extensive knowledge and research experience that 
has translate into high quality publications (Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

The influence of plastic fiber in the tensile strength 
of self compacting concrete is not very well under-
stood. Impact of microscopic organisms bacillus sub-
tilis and its consequences for split tensile strength of 
cement. This was the existing research on which the 
present research process depends. The aim of this 
study is to quantify the influence of plastic fiber on the 
tensile strength of self compacting concrete.

MATERIALS AND METHODS:
This study was done in the concrete lab, Department 

of Civil engineering and Biotechnology lab, Department 
of Bioinformatics, Saveetha School of Engineering. The 
tensile strength of concrete was tested using a cylin-
der-shape specimen. As the nominal size of aggregates 

was 20mm, 200×100mm sized cylinders were chosen for 
this study. Two groups with eighteen samples each were 
studied. Group-1 refers to the conventional self-com-
pacting concrete and group-2 refers to the plastic fiber 
reinforced self-compacting concrete. The properties of 
the fibers are mentioned in the tabel-1 given below. For 
group-1, preparation of concrete for the sample speci-
men is done manually by batching and mixing the re-
quired materials as shown below in Fig. 1. The regular 
M20 grade concrete was mixed with bacteria, superplas-
ticizer and calcium acetate to make it self-compacting. 
The moulds were filled with this concrete in three layers 
of equal height and 20 numbers of time tamping were 
done for each layer which was in the fig. 1. The process of 
vibration was also done during the process of casting, in 
order to remove the voids from the specimen. After the 
specimen preparation, they were kept at a temperature 
of 27°c. Keep in the water tank to cure for 28 days. The 
quantity of materials used to cast one cylinder is shown 
in table-2. The process was followed in the sameway for 
group 2. However, the only variation was the addition of 
3% plastic fiber to the total volume of the cement. The 
fiber was brought from nectar composites, poonamallee, 
Chennai. Bacteria used for the preparation of bacterial 
concrete was Bacillus Subtilis, belonging to the Bacillus 

Table 1
Table showing the properties of the fiber which are added for 
the group-2 samples (plastic fiber)

S.no Properties Values
1 Length 20mm
2 Color White
3 Bulk density (kg/m3) 1230
4 Melting point 260°
5 % fiber added 3%
6 Amount of fiber used to cast 18 cylinders 342.82

Table-2
Table showing the quantity of materials required to cast a single 
sample ( cylinder of dimension 200*100mm)

S.no Materials Quantity ( kg/lit)
1 Cement 0.633kg
2 Fine aggregate 1.219kg
3 Course aggregate 2.044kg
4 Water 0.27852 lit
5 Fiber (3%) 18.99 gms
6 Super plasticizer(Tec mix 550) 0.83345ml
7 Bacteria 12ml
8 Calcium acetate 0.09gms
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family. Strip of the bacteria which contains 10 spores on it 
was brought from Hi-media, T Nagar, Chennai. Materi-
als used for the preparation of bacteria were also brought 
from Hi-media, T Nagar, Chennai. Soybean casein di-
gest medium (tryptone soya bath), L-alanine (C3H7NO2) 
and manganese sulphate (MnSo4.H2O) used for growing 
bacterial culture were shown in Fig.1. Whereas, calcium 
acetate was used for calcite precipitation. 

Bacteria preparation (biological factor) The prepara-
tion of the bacteria was done at the Biotechnology and 
Molecular Techniques Laboratory in Saveetha School of 
Engineering. The type of bacteria which is used in this 
study is Bacillus Subtilis. The materials which are used for 
the growth of bacteria are soybean medai, L- alanine(C3H-
7NO2), and manganese sulphate (MnSo4H2O). At first 
mother culture was prepared in tubes with the help of 
bacteria strips shown in Fig. 2. For the largest production 
of the bacteria, this mother culture was added to the 2L 
solution. The 2L media solution preparation process was 
discussed below and shown in Fig. 2. First, the 2L reagent 
bottle is cleaned with ethanol. The required amount of dif-
ferent chemicals are added to the bottle using a weighing 
machine. 1800ml of distilled water is added to the bottle 
and then kept on the heater for the proper dissolving of 
the chemical into the distilled water. The culture flasks and 
culture medium were sterilized in an autoclave first. This 
is done to protect the bacteria from other bacteria strains 
and germs contaminating them. An autoclave is a piece 
of equipment that uses steam under pressure to destroy 
bacteria, viruses, and even spores, providing a physical 
means of sterilization. In this study, the autoclave was set 

to a temperature of 15lb/sec. After that, the reagent bottle 
with a solution is kept under the blower for cooling. When 
the process of cooling gets finished the bacteria from the 
mother culture is added to the 2L solution with the help of 
a pipet. The bacteria were grown in a shaking incubator 
after the culture with media had been sterilized. A shaking 
incubator is a device that shakes things in a tube or flask 
to mix, blend, or agitate them. This was done to ensure the 
uniform distribution of microorganisms in the culture. It 
was operated at a temperature of 37°c and at an RPM(Ro-
tation Per Minute) of 90/min and for a time period of 4 
days. 

    
                                         a)                                                                                b) 

Fig 1: a) Figure showing the batching and mixing b) superplasticizer (tec mix 550) of the concrete.

 
Fig 2: Figure showing the 2 L reagent bottle with prepared me-
dia.



Issue 25. December 2022 | Cardiometry | 1811

Bacterial content and viability in the culture were 
confirmed microscopically using a light microscope 
at 60X magnification as shown in Fig.3. The concen-
tration of cell was calculated using haeyo meter and 
was found to be 107 cells/ml. After the bacteria had 
reached a stable stage, the bacteria cells were separat-
ed from the media using a centrifugal force as shown 
in Fig.4. Centrifuge was operated at an RPM of 4000/
min and at a temperature of 27°c and for a time period 
of 10 minutes to separate bacteria from the centrifuge 
was directly added to the concrete along with calci-
um acetate. All the above were mixed and cylinders 
were casted. The specimens were kept underwater for 
28 days for curing. The temperature of the water was 
27(+/-) 2°c. The specimens were dried after 28 days of 
curing for testing. The tensile strength of the cylinder 
from both groups was found out using the compres-
sive testing machine, whose maximum load capacity 

was 2000 KN was shown in Fig. 5. This manually op-
erated machine has an accuracy of plus or minus 1. 

 

Fig 5: Figure showing the compressive testing machine when 
testing the sample.

Tabel-3
Table showing the tensile strength of the group-1 samples (con-
ventional concrete samples)

Sl.N  Strength (KN) Tensile strength (N/MM2)
1 67 3.35
2 68 3.4
3 69 3.45
4 60 3
5 67 3.35
6 61 3.05
 7 66 3.3
8 66 3.3
9 60 3
10 69 3.45
11 64 3.2
12 69 3.45
13 65 3.2
14 60 3
15 71 3.55
16 63 3.15
17 65 3.25
18 67 3.35

18 samples of group-1 i.e conventional self-com-
pacting specimens were tested and the tensile strength 
was found out. Similarly, 18 specimens of the group-2 
i.e fiber reinforced self-compacting concrete specimen 
were tested and the tensile strength was found out. 

Statistical analysis:
Results of the experimentation were analyzed us-

ing SPSS, version 21 software. Independent samples 

Fig 3: Figure showing final collection of the bacteria after mixed 
with distilled water.

Fig. 4: Figure showing the centrifuge apparatus which is used 
for separation of bacteria from the media.
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t-test was done to find the statistical significance 
between the study and control group. There was no 
dependent variable for the study, whereas the tensile 
strength, grade of concrete, water/cement ratio, grade 
of cement, days of curing were independent variables. 
Mean, Standard deviation, standard error of mean 
were also calculated with this tool for tensile strength.

RESULTS:
The mean tensile strength was found out for both 

groups. The mean tensile strength for the group-1 
samples is 3.2694N/mm2 and the mean tensile strength 
for the group-2 samples is 3.3917 N/mm2. The tensile 
strength of the plastic fiber reinforced self-compact-
ing concrete was shown in table 4. The mean tensile 
strength was found to be increased in group-2 when 
compared with group-1 samples. The percentage of 
increment in the mean tensile strength of group-2 was 
3.73%. The statistical parameters also indicate that 
the difference between the two groups appears to be 
significant. It was observed that the standard devia-
tion values for both the groups were very less. The std 
deviation for group-1 0.17162 is and for group-2 it is 
0.28965. The values of 18 samples with the addition of 
plastic fiber are detailed in Table 5. Whereas, Table 4 
displays the tensile strength values of 18 samples with-
out the addition of plastic fiber. Particulars of group 
statistics are given in Table 5. Independent samples 
t-test results were presented in Table 6. The compari-
son of mean accuracy values for two groups of plastic 
fiber reinforced self-compacting concrete and conven-
tional self-compacting concrete with p- value 0.05 and 
error bar 95% with the effective prediction was shown 
in Fig.6. The error bars with the mean accuracy detec-
tion +/- 1 SD.

Table-4
Table showing the tensile strength of the group-2 (fiber rein-
forced self-compacting concrete.)

S.no Strength (KN) Tensile strength (N/mm2)

1 70 3.5

2 77 3.85

3 60 3

4 68 3.4

5 77 3.85

6 75 3.75

7 65 3.25

8 68 3.4

9 62 3.1

10 78 3.9

11 60 3

12 63 3.15

13 69 3.45

14 69 3.45

15 68 3.4

16 62 3.1

17 66 3.3

18 64 3.2

Table-5
Represents group statistics for both sample groups. Mean 
(3.2694,3.3917), standard deviation(0.17162,0.28965), standard 
error mean (0.04045,0.06827) Group statistics

Group No Mean Std.
devia-
tion

Std.
error 
mean

Tensile 
strength

Without fiber 18 3.2694 .17162 .04045

Tensile 
strength 

With fiber 18 3.3917 .28965 .06827

Table-6:
Independent samples t-test results: No statistical significance difference observed for tensile strength in an independent sample t 
test P=0.098 as it is greater than P=0.05

Independent-samples-t-test
Tensile strength

Levene’s Test for 
Equality of Variances

t-test for Equality of Means
95% Confidence 

Interval of the Differ-
ence

F Sig. t df Sig. 
(2-tailed)

Mean Dif-
ference

Std. Error 
Difference Lower Upper

Equal Variances 
Assumed 3.474 0.071 -1.540 34 0.133  -0.12222 0.07935 -0.28349 0.03905

Equal Variances Not 
Assumed -1.540 27.626 0.134 -0.12222 0.07935 -0.28487 0.04043
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DISCUSSION:
The Percentage increase in Tensile strength of the 

plastic fiber reinforced bacterial concrete compared to 
that of bacterial concrete without fibers was found to 
be 3.73%. Addition of fibers reduces the permeability 
of concrete, which thereby has increased the tensile 
strength. The standard deviation of the tensile strength 
of bacterial concrete without fibers was found to be 
higher than that of the bacterial concrete with plastic 
fibers. It shows that the deviation of tensile strength 
from its mean value is more for the bacterial concrete 
without fibers. There was no statistical significance 
observed for plastic strength in an independent sam-
ple t test P=0.071 which was found to be greater than 
P = 0.05. As our threshold limit was 0.05, no statistical 
significance between the groups for tensile strength.

Fiber-reinforced concrete has seen a lot of use in 
recent years as a way to compensate for the weak ten-
sile and flexural strengths of concrete. The addition 
of fibres to concrete, on the other hand, enhances its 
porosity. This drawback calls for remediation tech-
niques to reduce concrete porosity and permeability 
in order to enhance its durability (Karimi and Mosto-
finejad 2020). As their cell wall is anionic, CaCO3 
accumulation on Because their surface area is large, 
the entire cell crystallises and eventually blocks pores 
and fissures.his natural induction technique is an en-
vironmentally friendly method that researchers are 
studying intensively. This manuscript reviews the ap-

plication process of bacterial healing to manufacture 
autonomous self-healing bacterial concrete. (Luhar, 
Luhar, and Shaikh 2022).Bacteria were found to in-
crease tensile strength and decrease water absorption 
and porosity of shotcrete when they were present in 
the mix design and curing solution. The specimens 
treated in the bacteria-containing solution showed the 
greatest reduction in water permeability after 28 days. 
The ability of bacteria to heal the cracks created in 
the specimens was also evaluated in the present work 
(Kalhori and Bagherpour 2017).There are certain lim-
itations for this study 1) only one type and % of fiber 
was used 2) only M20 grade concrete had used for this 
experimental study 3) bacillus subtilis bacteria is used 
for the self compacting 4) concentration for the addi-
tion of the bacteria is also limited i.e 107(Xiao 2017).

As we know that for the maintenance of construc-
tion structures it costs a lot. But by this method that 
can be reduced to some extent. It can be performed 
by adding a super plasticizer and can be tried by us-
ing different chemicals which may be helpful for the 
constructed structure. This investigation is the latest 
research that has plenty of scope in the future.

CONCLUSION:
Tensile strength of plastic fiber reinforced M20 

grade self healing concrete was 3.3917 N/mm2. The 
percentage increase in tensile strength compared to 
the bacterial concrete was 3.73%.

Fig 6: Bar chart showing the comparison of mean tensile strength of plastic fiber reinforced concrete and bacterial concrete ( in-
dependent sample t-test means= +1SD).It shows that the mean tensile strength is more in plastic fiber M20 grade self-compacting 
concrete than conventional concrete where the X-axis represents the Groups and the Y-axis represents the tensile strength of the 
samples.



1814 | Cardiometry | Issue 25. December 2022

DECLARATION:

Conflict of interest
No conflict of interest in this manuscript

Author contributions
Author GP is involved in data collection, experi-

mental study and manuscript writing. Author BR was 
involved in conceptualization, guidance and critical 
review of the manuscript. 

Acknowledgment
The author would like to express their gratitude 

towards Saveetha School of Engineering, Saveetha 
Institute of Medical and Technical Sciences(formerly 
known as Saveetha University) for providing the nec-
essary infrastructure to carry out this work success-
fully. 

Funding
We thank the following organizations for providing 

financial support that enables us to complete the study
1. Velsa Technologies.
2. Saveetha School of Engineering. 
3. Saveetha Institute of Medical and Technical Sci-

ences. 
4. Saveetha University. 

REFERENCES:
1. Antink, Christoph Hoog, Joana Carlos Mesquita 
Ferreira, Michael Paul, Simon Lyra, Konrad Heimann, 
Srinivasa Karthik, Jayaraj Joseph, et al. 2020. “Fast 
Body Part Segmentation and Tracking of Neonatal 
Video Data Using Deep Learning.” Medical & Biologi-
cal Engineering & Computing 58 (12): 3049–61.
2. Chellapa, L. R., S. Rajeshkumar, M. I. Arumugham, 
and S. R. Samuel. 2020. “Biogenic Nanoselenium Syn-
thesis and Evaluation of Its Antimicrobial, Antioxi-
dant Activity and Toxicity.” Bioinspired Biomimetic 
and Nanobiomaterials, July, 1–6.
3. Choudhary, Rahul. 2018. “A Review Paper on 
Combined Effect of Waste Glass Powder and Plastic 
Fiber on the Properties of Concrete.” International 
Journal for Research in Applied Science and Engi-
neering Technology. https://doi.org/10.22214/ijra-
set.2018.5444.
4. Erşan, Yusuf Çağatay, Filipe Bravo Da Silva, 
Nico Boon, Willy Verstraete, and Nele De Belie. 
2015. “Screening of Bacteria and Concrete Compat-

ible Protection Materials.” Construction and Build-
ing Materials. https://doi.org/10.1016/j.conbuild-
mat.2015.04.027.
5. Ghoniem, Amr, Hilal Hassan, and Louay Aboul-
Nour. 2021. “Behavior of Macro-Synthetic Fiber-Rein-
forced High-Strength Concrete Beams Incorporating 
Bacillus Subtilis Bacteria.” Latin American Journal of 
Solids and Structures. https://doi.org/10.1590/1679-
78256378.
6. Jonkers, Henk M., Arjan Thijssen, Gerard Muyz-
er, Oguzhan Copuroglu, and Erik Schlangen. 2010. 
“Application of Bacteria as Self-Healing Agent for 
the Development of Sustainable Concrete.” Eco-
logical Engineering. https://doi.org/10.1016/j.eco-
leng.2008.12.036.
7. Kaja, Rekha, Anandh Vaiyapuri, Mohamed Sher-
if Sirajudeen, Hariraja Muthusamy, Radhakrishnan 
Unnikrishnan, Mohamed Waly, Samuel Sundar Doss 
Devaraj, Mohamed Kotb Seyam, and Gopal Nambi S. 
2020. “Biofeedback Flutter Device for Managing the 
Symptoms of Patients with COPD.” Technology and 
Health Care: Official Journal of the European Society 
for Engineering and Medicine 28 (5): 477–85.
8. Kalhori, Hamid, and Raheb Bagherpour. 2017. 
“Application of Carbonate Precipitating Bacteria for 
Improving Properties and Repairing Cracks of Shot-
crete.” Construction and Building Materials. https://
doi.org/10.1016/j.conbuildmat.2017.05.074.
9. Kalidoss, Ramji, Snekhalatha Umapathy, and Usha 
Rani Thirunavukkarasu. 2021. “A Breathalyzer for 
the Assessment of Chronic Kidney Disease Patients’ 
Breathprint: Breath Flow Dynamic Simulation on the 
Measurement Chamber and Experimental Investiga-
tion.” Biomedical Signal Processing and Control 70 
(September): 103060.
10. Karimi, Nasrin, and Davood Mostofinejad. 2020. 
“Bacillus Subtilis Bacteria Used in Fiber Reinforced 
Concrete and Their Effects on Concrete Penetrabili-
ty.” Construction and Building Materials. https://doi.
org/10.1016/j.conbuildmat.2019.117051.
11. Khaliq, Wasim, and Muhammad Basit Ehsan. 
2016. “Crack Healing in Concrete Using Various Bio 
Influenced Self-Healing Techniques.” Construction 
and Building Materials. https://doi.org/10.1016/j.con-
buildmat.2015.11.006.
12. Lavanya, M., P. Muthu Kannan, and M. Arivalag-
an. 2021. “Lung Cancer Diagnosis and Staging Using 
Firefly Algorithm Fuzzy C-Means Segmentation and 
Support Vector Machine Classification of Lung Nod-



Issue 25. December 2022 | Cardiometry | 1815

ules.” International Journal of Biomedical Engineering 
and Technology 37 (2): 185.
13. Luhar, Salmabanu, Ismail Luhar, and Faiz Uddin 
Ahmed Shaikh. 2022. “A Review on the Performance 
Evaluation of Autonomous Self-Healing Bacterial 
Concrete: Mechanisms, Strength, Durability, and Mi-
crostructural Properties.” Journal of Composites Sci-
ence. https://doi.org/10.3390/jcs6010023.
14. Luo, Mian, Chun-Xiang Qian, and Rui-Yang Li. 
2015. “Factors Affecting Crack Repairing Capacity of 
Bacteria-Based Self-Healing Concrete.” Construction 
and Building Materials. https://doi.org/10.1016/j.con-
buildmat.2015.03.117.
15. Malaikolundhan, Harikrishna, Gowsik Mookkan, 
Gunasekaran Krishnamoorthi, Nirosha Matheswaran, 
Murad Alsawalha, Vishnu Priya Veeraraghavan, Sura-
paneni Krishna Mohan, and Aiting Di. 2020. “Anticar-
cinogenic Effect of Gold Nanoparticles Synthesized 
from Albizia Lebbeck on HCT-116 Colon Cancer Cell 
Lines.” Artificial Cells, Nanomedicine, and Biotech-
nology 48 (1): 1206–13.
16. Paschalis, Spyridon, and Andreas Lampropoulos. 
2017. “Fiber Content and Curing Time Effect on the 
Tensile Characteristics of Ultra High Performance Fi-
ber Reinforced Concrete.” Structural Concrete. https://
doi.org/10.1002/suco.201600075.
17. Paul, M., S. Karthik, J. Joseph, M. Sivaprakasam, 
J. Kumutha, S. Leonhardt, and C. Hoog Antink. 2020. 
“Non-Contact Sensing of Neonatal Pulse Rate Using 
Camera-Based Imaging: A Clinical Feasibility Study.” 
Physiological Measurement 41 (2): 024001.
18. Raj R, Kathiswar, Ezhilarasan D, and Rajeshkumar 
S. 2020. “β-Sitosterol-Assisted Silver Nanoparticles 
Activates Nrf2 and Triggers Mitochondrial Apoptosis 
via Oxidative Stress in Human Hepatocellular Cancer 
Cell Line.” Journal of Biomedical Materials Research. 
Part A 108 (9): 1899–1908.
19. Ramadoss, Ramya, Rajashree Padmanaban, and 
Balakumar Subramanian. 2022. “Role of Bioglass in 
Enamel Remineralization: Existing Strategies and Fu-
ture Prospects-A Narrative Review.” Journal of Bio-

medical Materials Research. Part B, Applied Biomate-
rials 110 (1): 45–66.
20. Shilpa-Jain, D. P., Jogikalmat Krithikadatta, 
Dinesh Kowsky, and Velmurugan Natanasabapathy. 
2021. “Effect of Cervical Lesion Centered Access Cav-
ity Restored with Short Glass Fibre Reinforced Resin 
Composites on Fracture Resistance in Human Man-
dibular Premolars- an in Vitro Study.” Journal of the 
Mechanical Behavior of Biomedical Materials 122 
(October): 104654.
21. S, Sudha, Kalpana R, and Soundararajan P. 2021. 
“Quantification of Sweat Urea in Diabetes Using Elec-
tro-Optical Technique.” Physiological Measurement 
42 (9). https://doi.org/10.1088/1361-6579/ac1d3a.
22. Stanaszek-Tomal, Elżbieta. 2020. “Bacterial Con-
crete as a Sustainable Building Material?” Sustainabil-
ity. https://doi.org/10.3390/su12020696.
23. Tziviloglou, E., V. Wiktor, H. M. Jonkers, and 
E. Schlangen. 2016. “Bacteria-Based Self-Healing 
Concrete to Increase Liquid Tightness of Cracks.” 
Construction and Building Materials. https://doi.
org/10.1016/j.conbuildmat.2016.06.080.
24. Van Tittelboom, Kim, Nele De Belie, Willem De 
Muynck, and Willy Verstraete. 2010. “Use of Bacte-
ria to Repair Cracks in Concrete.” Cement and Con-
crete Research. https://doi.org/10.1016/j.cemcon-
res.2009.08.025.
25. Wang, J. Y., H. Soens, W. Verstraete, and N. De 
Belie. 2014. “Self-Healing Concrete by Use of Mi-
croencapsulated Bacterial Spores.” Cement and Con-
crete Research. https://doi.org/10.1016/j.cemcon-
res.2013.11.009.
26. Wu, Shuang, Shanmugam Rajeshkumar, Malini 
Madasamy, and Vanaja Mahendran. 2020. “Green Syn-
thesis of Copper Nanoparticles Using Cissus Vitiginea 
and Its Antioxidant and Antibacterial Activity against 
Urinary Tract Infection Pathogens.” Artificial Cells, 
Nanomedicine, and Biotechnology 48 (1): 1153–58.
27. Xiao, Dong. 2017. “State-of-the-Art and Prospect 
for Self-Healing Asphalt Concrete.” AIP Conference 
Proceedings. https://doi.org/10.1063/1.4992891.


