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ABSTRACT
Aim: This study’s objective is to determine how polypropylene 
fibre impacts self-healing concrete’s flexural strength. Materials 
and Methods: Investigation was divided into two groups, with 
each group preparing 18 samples with Gpower (80 percent). 
Group-1 denotes conventional self-healing bacterial concrete, 
while Group-2 denotes polypropylene fibre reinforced self-heal-
ing bacterial concrete. The number of samples was determined 
using clinical software and values taken from previous research 
publications. The independent sample T-test, performed us-
ing SPSS software version 21, demonstrates a substantial in-
crease in the flexural strength of the fibre reinforced self-healing 
concrete. Result: In comparison to conventional self-healing 
bacterial concrete, polypropylene fibre reinforced self-healing 
bacterial concrete has a 19% higher flexural strength. The sig-
nificance of the events was 0.354 (p>0.05), indicating that there 
was no significant statistical difference. The flexural strength of 
polypropylene reinforced bacterial concrete had a standard de-
viation of 0.79623. Conclusion: According to the findings of 
this experiment, M20 grade self-healing bacterial concrete rein-
forced with polypropylene fibre has a stronger flexural strength 
than regular self-healing bacterial concrete.
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INTRODUCTION:
The second most often utilised material in con-

struction is concrete. The primary components are 
cement, coarse aggregate, fine aggregate, and water. 
These components are fully mixed to create concrete. 
Self-healing concrete was created by adding micro-
organisms to regular concrete. (Pourfallahi, Nohe-
goo-Shahvari, and Salimizadeh 2020). Such bacteria 
are added to concrete at a precise concentration, im-
proving the concrete’s durability and strength (Pache-
co-Torgal et al. 2017). Bacterial concrete is a substance 
that may properly repair concrete cracks (Ven-
kataswamy Ramakrishnan, Ramesh, and Bang 2001). 
Bio calcification is a process in which organisms se-
crete calcium precipitation in the form of CaCO3, 
which fills gaps in concrete (Kannan et al. 2014). There 
is a significant demand for high performance concrete 
to reduce repair and rehabilitation costs, in addition 
to how bacteria affect the porosity and permeability of 
self-healing concrete. (Akın 2021) There are various 
applications where it can help in enhancing the dura-
bility of concrete mixtures, reducing corrosion for the 
reinforced steel beneath the concrete, and self-healing 
the fracture at an early stage (Li et al. 2018). Several re-
search publications on self-healing concrete have been 
published in the last five years. More than sixty arti-
cles have been published in Google Scholar, while ap-
proximately thirty were published in Pubmed. When 
self-healing techniques are used to address infrastruc-
ture durability and sustainability, the results reveal 
long-term usage (Jena et al. 2020). The use of bacterial 
mineral precipitation to improve concrete durability is 
a unique technique.

In concrete fracture and fissure repair using mi-
crobial induced calcite (CaCO3) precipitation (V. 
Ramakrishnan and Panchalan 2003; Ratnakaram et 
al. 2003). When microorganisms were utilised in a 
sulphate environment, the durability of concrete im-
proved (Nosouhian, Mostofinejad, and Hasheminejad 
2016).Our team has extensive knowledge and research 
experience that has translate into high quality publica-
tions(Chellapa et al. 2020; Lavanya et al. 2021; Raj R et 
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al. 2020; Shilpa-Jain et al. 2021; S et al. 2021; Ramadoss 
et al. 2022; Wu et al. 2020; Kalidoss et al. 2021; Kaja et 
al. 2020; Antink et al. 2020; Paul et al. 2020; Malaikol-
undhan et al. 2020)

The role of polypropylene fibre in self-healing con-
crete flexural strength is not fully understood. The 
impact of the bacteria on the concrete’s split tensile 
strength. This was the earlier study that served as the 
foundation for the current research. This study seeks 
to determine how polypropylene fibre affects the flex-
ural strength of self-healing concrete.

MATERIALS AND METHODS:
This research was done at the Saveetha School of 

Engineering’s Concrete Lab (Department of Civil En-
gineering) and Biotechnology Lab (Department of 
Bioinformatics). For the purpose of evaluating flex-
ural strength of the concrete, a prism-shaped speci-
men was used. Because the aggregates’ nominal size 
was 19mm, prisms with dimensions of 500x100x100 
mm were utilised for this study. There were two sets 
of eighteen samples each. Group-1 denotes traditional 
self-healing bacterial concrete, while Group-2 denotes 
polypropylene fibre reinforced self-healing bacterial 
concrete. The qualities of the fibres are listed in table-1 
below. (Gokulnath, Ramesh, and Sivashankar 2020)

For group-1, the concrete for the sample specimens 
is prepared manually by batching and mixing the nec-
essary materials, as indicated in Fig. 1. To produce it 
self-healing, normal M20 grade concrete was mixed 
with microorganisms and calcium acetate. The moulds 
were filled with this concrete in three levels of equal 
height, with 25 tampings for each layer, as shown in 

fig.1. The vibration method was also used during the 
casting process to remove voids from the specimen. 
After preparation, the specimens were maintained in 
the curing tank for 28 days at a temperature of 27oC. 
Table-2 shows the amount of materials necessary to 

 

Fig. 1: Figure showing the batching and mixing of the concrete, the casting of the samples in the lab using the moulds and other 
required tools

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

S.no properties values
1 length 20mm
2 Unit weight 0.9-0.91gm/cm3

3 colour white
4 Chemical conductivity 0.2(w/m/k)
5 Melting point 175oC
6 Reaction with water hydrophobic
7 % of fiber added 3%
8 Amount of fiber used to cast 18 prisms 1088.64gms

Table 2
Table showing the quantity of materials required to cast a single 
sample(prism of dimension 500x100x100mm)
S.no material quantity(kg/lit)

1 cement 2.016kg
2 Fine aggregates 3.36kg
3 Coarse aggregates 6.3kg
4 fiber(3%) 60.48gms
5 water 0.88704lit
6 bacteria 26.6112ml
7 Calcium acetate 0.2gms
8 Superplasticizer (Tec-Mix 550)  10.08 ml
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cast one prism. The procedure was followed in the 
same way for group 2. However, the only variation was 
the addition of 3% polypropylene fibre to the total vol-
ume of the cement.

Bacteria preparation (biological factor) The 
preparation of the bacteria was done at the Biotech-
nology and Molecular Techniques Laboratory in 
Saveetha School of Engineering. The type of bacteria 
used in this research was Bacillus Subtilis. The mate-
rials which are used for the growth of the bacteria are 
soybean medium, L-alanine (C3H7NO2), and manga-
nese sulphate (MnSo4H2O). At first mother culture 
was prepared in tubes with the help of bacteria strips 
shown in Fig. 2. For the large production of the bacte-
ria, this mother culture was added to the 2L solution. 
The 2L media solution preparation process was dis-
cussed below and shown in Fig. 2.

First, the 2L reagent bottle is cleaned with ethanol. 
The required amount of different chemicals are added 
to the bottle using a weighing machine. 1800ml of the 
distilled water is added in the bottle and then kept on 
the heater for the proper dissolving of the chemicals 
into the distilled water. The culture flasks and culture 
medium were sterilised in an autoclave first. This is 
done to protect the bacteria from other bacterial strains 
and germs contaminating them. An autoclave is a piece 
of equipment that physically sterilises objects by using 
steam under pressure to kill bacteria, viruses, and even 
spores. In this study, the autoclave was set to a tempera-
ture 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 incu-
bator once the media culture had been sterilised. An 
incubator that shakes contents in a tube or flask in or-
der to mix, blend, or agitate them is known as a shaking 
incubator. This was done to make sure that the bacteria 
were distributed evenly throughout the culture. For a 
period of four days, it was run at a temperature of 37 °C 
and a rotational speed of 90 rpm.

Fig 3 displays microscopically verified bacterial 
content and vitality in the culture using a microscope 
at a 60X magnification.. The concentration of cells was 
calculated using haecyometer and was found to be 107 
cells/ml was shown in Fig. 4. After the bacteria had 
reached a stable stage, the bacteria cells were separated 
from media by using a centrifuge machine. As seen in 
Fig. 5, a centrifuge is a device which uses centrifugal 
force to separate different fluid constituents. To sepa-
rate the bacteria from the culture media, a centrifuge 
was run for 10 minutes at a speed of 4000 RPM, at 
a temperature of 27°C. Calcium acetate and bacteria 
extracted from the centrifuge were added directly to 
the concrete. Prisms were cast after mixing the afore-
mentioned materials. For 28 days, the samples were 
submerged in the water for cure. The water’s tempera-
ture was 27 (+/- 2°C). After 28 days of curing, the sam-
ples were dried in preparation for testing. The flexural 
strength of prisms from both groups was found out 
using the flexural testing machine, whose maximum 
load capacity was 250 kN was shown in Fig. 6. This 
manually operated machine has an accuracy of plus 
or minus 1.

Fig. 2: Figure showing the growth of bacteria in a 100 ml tube, represents the 2L reagent bottle with prepared media.
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Fig. 3: Figure showing the bacteria under a microscope, final collection of the bacteria after being mixed with distilled water

Fig. 4: Graph representing the growth of the bacteria at a concentration of 107 cells/ml. It shows that the bacteria growth is con-
stant up to 6hrs then it starts growing up to the maximum level then again at a certain point it comes to the constant position.

 

Fig. 5: Figure showing the centrifuge apparatus which was used 
for separation of the bacteria from the medium.

 

Fig.6: Figure showing the flexural testing machine at the time 
of sampling testing which was used to find the maximum load 
undertaken by the specimens
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18 specimens of group-1 i.e conventional self-heal-
ing specimens were tested and the flexural strength 
was found out. Similarly, 18 specimens of the group-2 
i.e polypropylene fiber-reinforced self-healing con-
crete specimen were tested and the flexural strength 
was found out.

Statistical analysis:
SPSS version 21 was used to analyse the experi-

ment’s findings. unbiased samples A t-test was used to 
ascertain the statistical significance between the study 
and control groups. There was no dependent variable 
in the study; instead, flexural strength, concrete grade, 
water/cement ratio, cement grade, and days of curing 
were all independent variables. The mean, standard 
deviation, and standard error of the mean for flexural 
strength were also determined using this method.

RESULTS
The mean flexural strength for both groups was de-

termined. The group-1 samples have a mean flexural 
strength of 7.83333 N/mm2, while the group-2 sam-
ples have a mean flexural strength of 9.3888 N/mm2. 
Table 3 shows the flexural strength values for ordinary 

self-healing bacterial concrete. Table 4 shows the flexural 
strength of the polypropylene fibre reinforced self-heal-
ing bacterial concrete. When comparing group-2 sam-
ples to group-1 samples, the mean flexural strength was 
found to be higher in group-2. The percentage increase 
in group-2’s mean flexural strength was 19.85 %. Ac-
cording to the statistical parameters, There seems to be 
a significant difference between the two groups. Both 
groups’ standard deviation values were determined to 
be quite small. The standard deviation for group-1 is 
0.19268 and for group-2 it is 0.79623. The values were 
taken when the fiber (polypropylene) is added 3% for 
group-2. Flexural strength values of 18 samples with the 
addition of polypropylene fibre are detailed in Table 5. 
Whereas, Table 4 displays the flexural strength values of 
18 samples without the addition of polypropylene fiber. 
Particulars of Group statistics are given in Table 5. The 
outcomes of the independent samples t-test are shown in 
Table 6. In Fig. 7, with a p-value of 0.05 and an error bar 
of 95%, the mean accuracy values for the two groups of 
polypropylene fibre reinforced self-healing concrete and 
traditional self-healing concrete were compared. The er-
ror bars show a +/- 1 SD mean accuracy detection.

Table 4
Table showing the flexural strength of the group-2 (fiber rein-
forced self-healing bacterial concrete)

Flexural strength of the fiber-reinforced self-healing con-
crete(group-2)

S.no Weight 
(Kg)

Collapse 
load (KN)

Flexural 
strength 
(N/mm2)

Average flex-
ural strength 

(N/mm2)
1 13.986 20 10

9.3888 
N/mm2

2 13.525 20 10
3 13.796 18 9
4 13.201 20 10
5 13.306 18 9
6 13.975 19 9.5
7 13.216 22 11
8 14.007 20 10
9 13.363 20 10
10 13.197 18 9
11 13.498 19 9.5
12 13.980 19 9.5
13 13.787 17 8.5
14 12.531 18 9
15 12.122 20 10
16 13.788 15 7.5
17 13.451 17 8.5
18 13.320 18 9

Table 3
Table showing the flexural strength of the group-1 samples 
(conventional concrete samples)

Flexural strength of the conventional concrete(group-1)
S.no Weight 

(Kg)
Collapse 
load (KN)

Flexural 
strength 
(N/mm2)

Average 
flexural 
strength 
(N/mm2)

1 12.20 18 9

7.8333 
N/mm2

2 13.90 16  8
3 12.80 16 8
4 13.90 14.5 7.25
5 13.12 16 8
6 13.50 18 9
7 12.80 12.5 6.25
8 13.92 16.5 8.25
9 12.98 15 7.5
10 14.62 12 6
11 12.82 17 8.5
12 13.77 19  9.5
13 13.68 16.5 8.25
14 13.08 16.5 8.25
15 12.62 14 7
16 12.52 17 8.5
17 13.54 13.5 6.25
18 12.72 15 7.5
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Table 5
Table showing the comparison of group-1 and group-2 which 
shows the increment in the mean flexural strength of the 
group-2 by 19.85 %. Here the difference between the std devi-
ation is 0.19268 (Group statistics)

groups N mean std.de-
viation

Std. 
error 
mean

Flexural 
strength 
(N/mm2)

Without fiber 18 7.8333 0.98891 0.23309
With fiber 18 9.3889 0.79623 0.18767

DISCUSSION
The traditional self-healing concrete samples were 

found to be heavier than the fiber-reinforced self-heal-
ing concrete samples. However, when flexural strength 
is compared, the polypropylene fibre reinforced 

self-healing bacterial concrete samples had a higher 
value. This clearly shows that polypropylene fiber-re-
inforced self-healing bacterial concrete outperforms 
traditional self-healing concrete samples.

Flexural strength and modulus healing and recov-
ery ratios of the two self-healing components with fi-
bres were higher than those of traditional self-healing 
concrete. (Li et al. 2018). The strength and deflection 
capability of polypropylene fiber-reinforced self-heal-
ing concrete were dramatically increased through 
the introduction of fibres with high aspect ratios. 
(Kim et al. 2019). The polypropylene fiber-reinforced 
self-healing mixes studied were found to be perfect 
for crack repair (Kassimi, El-Sayed, and Khayat 2014). 
Mechanical experiments have shown that the inclu-
sion of a healing agent has no negative effects on the 

Table 6
Table showing the mean, standard deviation, and significance difference of group-1 and group-2 has shown here. There is a sig-
nificant difference between the two groups since p<0.05 (independent sample T-test)

Levene’s test 
ofequality of 

variance

t-Test for equality of members

f sig t df Sig 
(2-tailed)

Mean dif-
ference

std.error 95% confidence inter-
val of the difference
lower upper

Flexural 
strength

Equal variances 
assumed

 0.885  0.354 -5.198 34 0.000 -1.55556 0.29925 -2.16371 -0.94740

Equal variances 
not assumed

-5.198 32.519 0.000 -1.55556 0.29925 -2.16473 -0.94638

Fig. 7: Bar chart representing the comparison of mean flexural strength of polypropylene fiber reinforced concrete and bacterial 
concrete ( independent sample t-test means= ±1 SD). It shows that the mean flexural strength is more in polypropylene fibre re-
inforced M20 grade self-healing concrete than conventional self-healing concrete where the X-axis represents the Groups and the 
Y-axis represents the flexural strength of the samples.
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matrix; the strength may rise or decrease depending 
on the fibre used (Xu and Yao 2014). There are few 
factors that would affect the flexural strength are 1)
water-cement ratio 2)air voids 3)aggregate size 4)wa-
ter penetration (Meharie 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-healing 4)concentration for the addition of 
the bacteria is also limited i.e 107 (Xiao 2017).

As we all know, the cost of maintaining built struc-
tures is exorbitant. However, with this strategy, that 
can be mitigated to some amount (Flores, n.d.). It can 
be done by adding a fantastic plasticizer and experi-
menting with various substances that may be benefi-
cial to the produced construction (Flores, n.d.; Ghosh 
2009).This examination is the most recent study, and 
it has a lot of potential in the future.

CONCLUSION
This study compared the flexural strength of the 

polypropylene fibre reinforced self-healing concrete 
with ordinary self-healing concrete. The following 
conclusion can be taken from the experimental study. 
In this paper, it was discovered that adding polypro-
pylene fibre to self-healing concrete can boost its 
strength. Flexural strength increased by 19.85 % as 
a percentage. It was discovered to be promising for 
the construction of a structure with this form of con-
crete, which may extend the service life of the built 
structure.
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