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ABSTRACT
Aim: The goal of this research is to determine the effect of glass 
fibre on the flexural strength of M20 grade self-healing concrete 
utilising a unique approach called microbial induced calcite pre-
cipitation.. Materials and methods: For data collection, two 
groups of 18 samples each were produced. The first group is 
formed without the presence of glass fibre, whereas the second 
group is formed with the presence of glass fibre. Bacillus subtilis 
bacteria were cultured in the bioinformatics laboratory using 
a strain obtained from Hi media laboratories. Results: SPSS 
statistical software was used to analyse the data. The mean flex-
ural strength of bacterial concrete without fibre was 7.944 N/
mm2, while Glass fibre reinforced concrete had a mean flexural 
strength of 8.666 N/mm2. The events had a significance of 0.00 
(p<0.05). Conclusion: The flexural strength of glass fibre rein-
forced M20 grade self-healing concrete was higher than that of 
conventional M20 grade self-healing concrete prepared utilising 
a unique process of microbial induced calcite precipitation. The 
strength of Glass fibre reinforced M20 grade self-healing con-
crete increased by 9 percent.
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INTRODUCTION
Bio-concrete is a self-healing type of concrete that 

heals itself by creating calcium in the fractures, a pro-
cess known as microbial induced calcite precipitation 
(MICP). A mechanism for extending the life of con-
crete structures by self-healing fissures (Seifan and 
Berenjian 2018). A mechanism for extending the life 
of concrete structures by self-healing fissures (Van 
Tittelboom et al. 2012). Today’s world delivers vari-
ous forms of structures, most of which are high-raised 
and demand high strength, and this type of concrete 
can make it happen with low maintenance costs and 
high efficiency. It also has a good impact on its sur-
roundings and the environment (Alquier et al. 2014). 
Bacterial concrete with fiber added to it has a lot of ad-
vantages when compared to normal conventional con-
crete. Bacterial concrete automatically plugs fractures 
that have formed in the concrete structure as a result 
of several variables such as weathering and pressure 
on the structure. It extends the life of cementitious 
materials. It prevents cracks from forming in the first 
place and lowers maintenance and restoration expen-
ditures. It also reduces corrosion in steel by plugging 
cracks (Cuenca and Ferrara 2017).

Many scientists have previously conducted exten-
sive research on bacteria concrete utilising a revolu-
tionary technique called microbial induced calcite 
precipitation. Several research publications on this 
subject have been published in the recent five years. 
There are approximately sixty publications published 
in Google Scholar and approximately thirty articles 
published in Pubmed. journals.The use of bacteria as 
a self-healing agent in the production of long-lasting 
concrete, in which bacteria cement stone specimens 
appeared to produce significantly more crack-plug-
ging minerals. Minerals with potential

Bacterial spores as self-healing agents appear to be 
promising (Jonkers et al. 2010). According to mod-
elling of self-healing materials, the ability to repair 
wounds is one of the most amazing aspects of the bio-
logical system (Franzoni 2011). Self-healing materials 
are man-made materials that have the ability to mend 
themselves (Kim et al. 2019). The analysis of concrete 
durability improvement in a sulphate atmosphere us-
ing bacteria shows the investigation of concrete du-
rability improvement in a sulphate atmosphere using 
bacteria (Nosouhian, Mostofinejad, and Hashemine-
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jad 2016).Our team has extensive knowledge and re-
search experience that has translate into high quality 
publications(Chellapa et al. 2020; Lavanya et al. 2021; 
Raj R et a et al. 2020; l. 2020; Shilpa-Jain et al. 2021; S et 
al. 2021; Ramadoss et al. 2022; Wu et al. 2020; Kalidoss 
et al. 2021; KajaAntink et al. 2020; Paul et al. 2020; Ma-
laikolundhan et al. 2020)

In any of the recent papers, the impact of Glass 
fibre reinforced self-healing concrete on the flexur-
al strength of the concrete was not thoroughly rec-
ognised. Researchers have previously examined bacte-
rial concrete and discovered the effect of bacteria as a 
self-healing agent, as well as concrete properties such 
as compression strength, split tensile strength, and 
flexural strength. In this research, the flexural strength 
of Glass fibre reinforced M20 grade self-healing con-
crete was evaluated utilising a unique technique of mi-
crobial induced calcite precipitation.

MATERIALS AND METHODS
This study was conducted in the Department of 

Civil Engineering’s concrete slab. The bacteria were 
created in the Biotechnology lab of the Saveetha 
School of Engineering’s Department of Bioinformat-
ics. There were two groups prepared in all. The first is 
constructed without glass fibre, whereas the second is 
constructed with it. There were a total of 18 samples 
prepared for each group (Gokulnath, Ramesh, and Si-
vashankar 2020).

A 500 x 100 x 100 mm concrete prism was made to 
measure the bending strength of concrete. Figure 1(a) 
shows a cast concrete prism with size 500 x 100 x 100 
mm, and Figure 1(b) depicts the glass fibre employed 

in the study. Table.1 lists the properties of glass fibre. 
The fibre was obtained from nectar composites in 
Poonamallee, Chennai. Bacillus subtilis was the bacte-
ria utilised in the manufacture of biological concrete. 
Bacillus bacteria is the bacteria that belong to the ba-
cillus species. The bacterial strip, which contains 10 
spores, was recovered from the hi media in T Nagar, 
Chennai. The components for the creation of bacteria 
were also brought from hi media in T Nagar, Chennai. 
L-alanine, tryptone soya bath, soybean casein digest 

medium (C3H7NO2),Bacterial cultures were grown us-
ing manganous sulphate (Mnso4H2o). In the calcite 
precipitation procedure, calcium acetate was used. 
The bacteria were cultivated in a mother culture. Fol-
lowing that, bacteria were grown in 100ml glass tubes, 
as depicted in Fig.2. The bacteria were then prepared 
in a 2-liter jar. For a 2-liter bacteria growth, 60gms of 
soybean medium, 0.4gms of alanine, 0.2gms of Mn-
so4H2o, and 200 ml of water were employed. The 

Table 1
The properties of the fiber which are added for the group-2 
samples (Glass)
S.no properties values

1 length 20mm
2 Modulus of elasticity 72.5 Gpa
3 colour white
4 shape straight
5 Density 0.94 g/cm3

6 Reaction with water hydrophobic
7 % of fiber added 3%
8 Amount of fiber used to cast 18 prisms 1088.64 gms

 

Fig. 1. (a) The Concrete Prism of size 500 x 100 x 100mm which was casted (b) Glass fiber used for the study respectively.
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bacterium concentration was determined using a hae-
cyometer. Figure 2 depicts a two-liter media solution. 
A light microscope at 60x magnification was used to 
examine the presence and viability of bacteria in the 
culture, as shown in Fig. 3. It was observed that the cell 
concentration was 107.cells/ml. In comparison to the 

water, the percentage of bacteria added to the concrete 
was 3%. Cement. Fine aggregate, coarse aggregate and 
calcium acetate were used to make the concrete. A ce-
ment prism was created by combining cement (2.016 
kg), sand (3.3 kg), and coarse aggregate (6.3 kg). The 
table shows the amount of material needed to make a 
single prism. 2. The water-cement ratio was calculat-
ed to be 0.44. M20 was used in a concrete mixture (1: 
1.5: 3). In addition to microorganisms, calcium acetate 
was also added to the concrete. For the prism size, 30 
μm acetate is added. In the first group, specimens were 
produced without fiber additives. The second group 
was cast in the same way as the first group, except that 
it contained fibers. The second group was created by 
mixing all of the above components with fibreglass. 
The water-cement ratio was calculated to be 0.44. M20 
was a concrete mix (1: 1.5: 3). All the materials were 
combined and the prism was cast. The cast prism was 
immersed in water and cured for 28 days.

The bending strength of the prism was determined 
using a bending tester. It has the following character-
istics. The maximum load capacity was 250kN. It was 
operated manually. The punch diameter of the bend-
ing tester was 90 mm. The distance between the road 
roller and the support roller is 133mm and 400mm. 
The bending tester is shown in Figure 4. Various de-
vices were used to ensure that the bacteria were alive 
and free of contamination during the preparation pro-
cess. The prepared glass and medium are first steril-
ised in an autoclave. This is done to prevent the bacte-
ria from becoming contaminated. An autoclave was a 
device that used steam under pressure to destroy bac-
teria, viruses, and even spores, providing sterilisation 
in physical form. In this experiment, the autoclave was 
set at 121 ° C for 15 minutes at a pressure of 15 lbs / 
sec. After sterilising the jar, the bacteria were grown 
in a shaking incubator. By shaking the chemicals in a 
2 litre reagent bottle, the shaking incubator can mix, 
mix, or stir them. It was operated at 37 ° C and 90 rpm 
for 4 days. Cell concentration was determined using 
a blood cell meter. As shown in FIG. 1, the cell con-
centration was found to be 107 cells / ml. After the 
bacteria reached a stable stage, the bacterial cells were 
separated from the medium using a centrifuge. A 
centrifuge is a device that separates various compo-
nents of a liquid by centrifugal force. The centrifuge 
was operated at a temperature of 27 ° C. at a speed of 
4000 rpm for 10 minutes. The centrifuge is shown in 
Figure 6 (a). Finally, the distilled water shown in the 

Fig. 2. The growth of bacteria in a 100 ml tube and the 2L re-
agent bottle with prepared media.

Fig. 3. The bacteria under a microscope of 60X magnification 
was used to check bacterial presence and viability in the culture

Fig. 4. The manually handled flexural testing machine at the 
time of sampling testing which was used for the study
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figure was added to the extracted bacteria. 6 (b). The 
extracted bacteria were mixed with calcium acetate in 
concrete. I mixed all of the above s to create a prism. 
The sample was soaked in water for 28 days to cure. 
The water was 27 (+ /) 2 ° C. After 28 days, the samples 
were dried for testing. The sample tested is shown in 
Figure 7. Statistical evaluations were presented using 
the bar graph in Figure 8. Bending strength is 18 test 
pieces of group 1. H. Traditional self-healing sample. 
Similarly, the bending strength of 18 Group 2 test piec-
es. H. Glass fiber reinforced self-healing concrete test 
piece.

Fig. 5. 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.

   

(a)                                                                                  (b) 

Fig. 6. (a) The centrifuge apparatus which was used for separation of the bacteria from the medium (b) Final collection of the 
bacteria after being mixed with distilled water.

Fig.7. The samples after testing on which the cracks are clearly 
visible.
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Table 2
The quantity of materials required to cast a single sample (prism of dimension 500 x 100 x 100mm)

S.no Material Quantity (kg/lit)
1 cement 2.016 kg
2 Fine aggregates 3.36 kg
3 Coarse aggregates 6.3 kg
4 Glass fiber(3%) 60.48 gms
5 water 0.88704 lit
6 bacteria 26.6112 ml
7 Calcium acetate 0.2 gms

Table 3
The flexural strength value of the group-1 samples (conventional M20 grade self-compacting 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

 

Fig. 8. Bar chart representing the comparison of mean flexural strength of Glass fiber reinforced concrete and bacterial concrete 
( independent sample t-test means= ±1 SD). It shows that the mean flexural strength is more in Glass fiber reinforced M20 grade 
self-healing concrete than conventional self-healing concrete where X-axis represents the conventional self healing concrete, Glass 
fiber reinforced self healing concrete and Y-axis represents the mean flexural strength (N/mm2) of the samples.
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Statistical analysis
The results of the experiment were analyzed using 

SPSS version 26 software. Independent sample tests 
were used to determine the statistical significance of 
the study and control groups. In this study, bending 

strength, concrete quality, water / cement ratio, ce-
ment quality, and curing days were considered as in-
dependent variables. This tool was also used to cal-
culate the mean and standard deviation of bending 
strength.

Table 4
The flexural strength value of the group-2 samples (Glass fiber reinforced M20 grade self-healing concrete)

Flexural strength of the fiber-reinforced self-healing concrete(group-2)
S.no Weight (Kg) Collapse load (KN) Flexural strength (N/

mm2)
Average flexural 

strength (N/mm2)
1 13.487 20 10

8.8889 N/mm2

2 13.276 18 9
3 13.288 16 8
4 13.590 17 8.5
5 13.479 18 9
6 13.600 17 8.5
7 13.114 14 7
8 13.665 24 12
9 13.520 18 9
10 13.569 16 8
11 13.540 18 9
12 13.228 17 8.5
13 13.558 18 9
14 13.556 16 8
15 13.842 16 8
16 13.067 17 8.5
17 13.908 18 9
18 13.069 22 11

Table 5
The comparison of group-1 and group-2 which shows the increment in the mean flexural strength of group-2 by 9%. Here the 
difference between the std deviation is 0.59261

Groups N Mean Std.deviation Std. error mean
Flexural strength 

(N/mm2)
Without fiber 18 7.99 0.42618 0.09809

With fiber 18 12.9644 1.00000 0.22570

Table 6
The mean, standard deviation, and significance difference of group-1 and group-2. There is a significant difference between the 
two groups since p<0.05

Levene’s test 
ofequality of 

variance

t-Test for equality of members

f sig t df Sig(2-
tailed)

Meandif-
ference

Std. error 95% confidence interval 
of the difference

lower upper
Flexural 
strength

Equal variances 
assumed

5.250 0.028 -2.829 34 0.008 -0.72222 0.25530 -1.24105 -0.223395

Equal variances 
not assumed

-2.829 22.617 0.010 -0.72222 0.25530 -1.25071 -0.18373
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RESULTS
Average bending strength was determined for 

both groups. The average bending strength of Group 
1 specimens is 7.944 N / mm2 as shown in the table. 
As shown in Figure 3, the average bending strength of 
the Group 2 specimens is 8.666 N / mm 2. 4. Compar-
ing the Group 2 sample with the Group 1 sample, we 
found that the average bending strength of Group 2 
was high. As shown in the table, the increase in aver-
age bending strength in Group 2 was 9%. 5. Statistical 
parameters also show that there is a significant differ-
ence between the two groups. The standard deviation 
values for both groups were found to be very low. As 
shown in the table, Group1 has a standard deviation 
of 0.41618, while Group2 has a standard deviation of 
0.23570. 6. If the fiber is glass, the value was adopted.

DISCUSSION
The bending strength of the glass fiber reinforced 

self-healing grade M20 concrete in this study was high-
er than that of the conventional self-healing grade 
M20 concrete. The data were statistically analyzed and 
compared using SPSS version 26. As a result, adding 
fiberglass to regular M20 class self-healing concrete 
strengthens the concrete in terms of bending strength. 
Similar results were found in their dissertation by sev-
eral other researchers, as discussed below.

In recent years, research articles on bacterial con-
crete have shown different results regarding bend 
strength values. When the fracture of FRCC using 
synthetic fiber is less than 0.1 mm, the watertightness 
of FRCC is restored to the same level as that of unbro-
ken FRCC regardless of the fiber type (Nishiwaki et 
al. 2014). With more than double the maximum crack 
width that can be repaired, concrete self with a new 
technique of microbial-induced calcite, applying a bio-
chemical self-healing agent consisting of a combination 
of bacterial spores and calcium lactate. It can promote 
and improve repair capacity. Precipitation (Wiktor 
and Jonkers 2011). According to another article, the 
application of bacteria to the compressive and tensile 
strengths of concrete increased as the permeability, 
water absorption and corrosion of reinforcements de-
creased compared to conventional concrete (Jogi and 
Vara Lakshmi 2021). The use of polymer capsules to 
achieve the self-healing properties of concrete seems 
promising (Hilloulin et al. 2015). Both self-healing ap-
proaches investigated may apply on a real scale. with 
both positive and negative results(Van Tittelboom et al. 

2016). The utilization of glass powder addition on the 
concrete relieves the provision, affordability, quality, 
and contamination issue (Gokulnath, Ramesh, and Pri-
yadharsan 2020). There may be some factors that may 
affect the entire investigation as it’s a manual process 
and error may happen at any place and such factors are 
a selection of aggregate size, water/cement ratio, grade 
of cement, air voids, compaction during casting, etc 
(Portland Cement Association 2018).

The limitation of the study is that the fiber used in this 
study was only glass fiber and the concrete used was only 
M20 grade, so assuming that the fiber content is other than 
3%, or the fiber is different. When selected by method, the 
type of bacteria for self-healing, Bacillus subtilis, is used. 
The test device used to test the sample was a manual de-
vice, which can lead to errors in the results.

In the future, by changing the quality of concrete, 
the type of bacteria, and other factors, this idea will 
work in different ways. This can be achieved by com-
bining multiple types of concrete, microorganisms 
and high performance water reducing agents to in-
crease the strength value. Fiber dispersion, bacterial 
distribution, and calcium carbonate formation can 
all be studied using SEM and XRD analysis. This is a 
great opportunity as it is a very useful idea for the con-
struction industry to save maintenance costs and ex-
tend the life of the structure. By doing different kinds 
of research on it, you can discover it slowly.

CONCLUSION
The bending strength of glass fiber reinforced 

self-compacting concrete M20 was measured. w. Adding 
fibreglass to M20 grade self-healing concrete can improve 
the bending strength of concrete, as shown in this arti-
cle. Bending strength increased by 9% compared to total 
strength. Adding this type of fiber to M20 class self-heal-
ing concrete can increase its strength. This is very bene-
ficial and can extend the life of the structure. This type of 
method is very beneficial for buildings as it leads to the 
development of new and creative building materials.
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