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Component quantity
peptone 5gr
Meat extract 3qgr
NaCl 5qr
Agar 15gr
Distilled Water 1L

Table 1. Selective culture media used for the bacteria.
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Fig. 2. Plot of the ratio of the number of Bacillus Subtilis
bacteria in serial dilutions
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Physical property Value
Blain (%) 3000
Initial setting time (min) 160
Final setting time (min) 220
Compressive strength (MPa)
3 days 24
7 days 35.5
28 days 49
Specific gravity 3.1
Standard consistency (%) 30
Table 3. Physical properties of the cement used in the
specimens
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Fig. 1. Pure colonies of Bacillus Sub%ilis
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Colony (x10°)
Dilution ODGOO
(Cell/ml)
10" 0.659 16.36
10° 0.535 13.26
10° 0.470 11.65
10" 0.353 8.75
10° 0.244 6.05
10° 0.065 1.61

Table 2. Number of colonies in different dilutions of bacteria.
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Compound % By mass
Zeolite Cement
Silicon dioxide 68.92 21
Aluminum oxide 9.72 5
Ferric oxide 191 3.12
Potassium + Sodium oxide 1.21+0 1
Calcium oxide 3.84 62
Magnesium oxide 1.55 2.44
Sulfur trioxide 0.2 3.12
Titanium dioxide 0.27
Manganese oxide 0.07
Chlorine 0.98

Table 4. Chemical properties of cement and zeolite.

osliiul 550 L;LMJ!K'M.« S lasiie 0 J g

Property Value
Fine aggregate  Coarse aggregate
Fineness modulus 2.32 5.62
Unit weight (kg/m®) 1815 1702

Table 5. Physical properties of fine and coarse aggregate.
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Specime ~ cement Zeolite Water aggrlggate ag;;?g.;s;e Slump Bacteria
ncode  (Kgim®) (Kgim®)  (Kgim®) (Kgin?) (Kg/m?) (Cell/ml)
P 413 0 206.5 877.69 926.56 8-10 0
PSU6 413 0 206.5 877.69 926.56 8-10 2.8x10°
PSU7 413 0 206.5 877.69 926.56 8-10 2.8x10’
PSU8 413 0 206.5 877.69 926.56 8-10 2.8x10°
PSU9 330.4 0 206.5 877.69 926.56 8-10 2.8x10°
PZ 330.4 82.6 206.5 877.69 926.56 8-10 0
PZSU6 330.4 82.6 206.5 877.69 926.56 8-10 2.8x10°
PZSU7 330.4 82.6 206.5 877.69 926.56 8-10 2.8x10’
PZSU8 330.4 82.6 206.5 877.69 926.56 8-10 2.8x10°
PZSU9 330.4 82.6 206.5 877.69 926.56 8-10 2.8x10°

Table. 6. Concrete mix proportions
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Fig. 4. Mixing process
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Specimen Environment Fresh concrete  Specific weight ~ SIump Bacteria
code temperature (0°)  temperature (0°) (Kg/m®) (Cm) (Cell/ml)
P 26.4 28 YY7. 8 0
PSU6 27.2 28.6 YYey 8.7 2.8x10°
PSU7 25 26.7 YYVY 7.8 2.8x10’
PSUS8 26.2 27.4 YYPA 8.5 2.8x10°
PSU9 26 27.3 YY?¥ 8.9 2.8x10°
Pz 25.2 27 YYvYy 7.8 0
PZSU6 26.9 28 YA 7.9 2.8x10°
PZSU7 275 28.3 Yrva 7.2 2.8x10’
PZSU8 27 28.1 Yrva 7.6 2.8x10°
PZSU9 27.9 29 YTV 8 2.8x10’

Table. 7. Fresh concrete results
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Fig. 5. Results of compressive strength tests.
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Reference Material Increased
compressive
strength (%)

Present research Zeolite, 16.76
Bacteria
Ahmadi etc [45] Zeolite 14
Pi etc [46] Bacteria 15.6
Sreeharsha [34] Zeolite, 11.78
metakaolin

Table 9. The results have been compared with other
researches
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Specimen  7days 28days Reduction
No (Mpa) (Mpa) percentage
P 25.4 38.5 4.05
Pz 23.8 37 Control
PSU6 25.8 38.9 5.13
PZSU6 24 41.2 11.35
PSU7 26 41 10.81
PZSU7 25.2 42 13.51
PSU8 27.8 42 13.51
PZSU8 26.3 43.2 16.76
PSU9 27 41.8 12.97
PZSU9 25.4 42.8 15.7

Table 8. Effect of bacteria on compressive strength
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Fig. 6. Water absorption plot of the specimen
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Specimen

No BS ASTM

P 5.95 6.2

PZ 6.2 6.4
PSUG 5.8 6
PZSUG6 5.62 5.9
PSU7 54 5.82
PZSU7 51 5.35
PSU8 5.06 5.17
PZSU8 4.2 45
PSU9 5.56 5.7
PZSU9 4.8 51

Table 10. Effect of bacteria on water absorption (28 Days)
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Abstract:

Today, concrete is one of the most widely used materials in the world. With the progress of science and the
use of different additives, the use of concrete is increasing day by day. With the development of the science
of microbiology and its application in various industries, the use of biological additives including bacteria
to improve the properties of concrete has also attracted the attention of various researchers. In this paper,
the effect of Bacillus subtilis bacteria on self-healing concrete with zeolite has been studied. Bacillus
subtilis bacteria with four different concentrations were used for evaluation. In concrete with zeolite, zeolite
is replaced by 20% by weight of cement of mixing design has been used. In order to evaluate and control
the specimen, destructive and non-destructive tests such as ultrasonic, permeability, water absorption and
compressive strength have been used. Four different concentrations of Bacillus subtilis bacteria have been
used to investigate the effect of self-healing caused by the addition of bacteria to concrete and also to control
the resistance parameters and durability of concrete with zeolite. The mentioned bacteria were produced in
the laboratory from alfalfa stems and leaves. In order to evaluate and control the samples from destructive
and non-destructive tests, including impermeability and water absorption test at the age of 28 days,
compressive strength test at the age of 7 and 28 days and ultrasonic test at the age of 1, 3, 7, 14 and 28 days
have been used For visual examination, a set of specimens at three days of age were subjected to a load
roughly equivalent to 30% of the fracture load to cause cracking, and the healing process was monitored
by light microscopy, Scanning Electron Microscopy (SEM), and Energy dispersive x-ray spectroscopy
(EDS). The results show that the concentration of 2.8x102 is the most suitable concentration of Bacillus
subtilis for the production of calcite and filling the pores of concrete by products such as calcium carbonate.
This concentration of Bacillus subtilis also offered the best improvement in ultrasonic pulse transit velocity
and water penetration depth of zeolite concrete specimens. Among the studied different concentrations,
Bacillus subtilis with a concentration of 2.8x108 was the most effective in improving compressive strength,
providing an 13.51% strength improvement in the specimens without zeolite and a 16.76% strength
improvement in specimens with zeolite. The results also showed that increasing the bacterial concentration
did not cause significant changes in compressive strength, water absorption, impermeability and ultrasonic
wave velocity. The results of the water absorption test showed that the lowest percentage of water
absorption among the evaluated specimens is the specimens with a concentration of 2.8 x 108. Also, the
presence of Bacillus subtilis bacteria in the mixing design led to a 15% decrease in water absorption of
specimens without zeolite and 30% of specimens with zeolite. Based on the results of the experiments, the
most suitable concentration, for the simultaneous improvement of the resistance parameters and durability
among the different concentrations of Bacillus subtilis bacteria, is suggested to be 2.8 x 108

Key word: Bacillus subtilis, Zeolite, Self-healing concrete, Bacteria.
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