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Compound Constituent%
CaO 62.28
Si0, 20.79

Al O; 4.76

F6203 3.86

MgO 3.22

SO; 1.89

K,O 0.68

Na,O 0.37

Cl 0
Specific gravity (=5) 3150

Table 1. Physical and chemical properties of type II portland
cement
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Physical properties ;f:\f:f ;:fe Sand
Specific gravity (5) | 2650 | 2600 | 2500
Water absorption 273 29 393
percentage ’ ' '

Table 2. Physical properties of aggregates
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Fig. 1. Solution .containing pasteurii bacillus bacteria
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Fig. 2. Bacterial Nutrition (Lactate Calcium)
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Compound Constituent%
CaO 0
SiO, 88.33
ALO; 1.16
Fe 05 1.69
MgO 0.95

¢
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Sieve Cumulatiy Percent ASTM: C33
size © percent passing requirement
retained
4 3 97 95-100
8 15 85 80-100
16 46.5 53.5 50-85
30 63 37 25-60
50 83 17 10-30
100 96.5 3.5 2-10
Table 3. Granulation of sand
(2555 )05 i sudils & Jgder
| Comulative | poone | ASTM: €33
Sieve size percent . .
retained passing requirement
1 /2" 0 100 100
3 /8 12 88 85-100
4 90 10 10-30
8 92.5 7.5 0-10
16 95 5 0-5

Table 4. Granulation of Fine gravel
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| Cumulative | b one | ASTM: €33
Sieve size percent assin requirement
retained p & q
1 0 100 100
3 / 4 10 90 90-100
1 /2" 31 69 -
3 /8 65 35 20-55
4 99.5 0.5 0-10

Coarse gravel Table 5. Granulation of
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CL | CBS | CB | O
Mixture No.
Weight (kg)
308 354 383 385 Cement
147 185 185 185 Water
102 1030 1036 103 Sand
0 0
272 274 276 274 Coarse gravel
408 412 414 412 Fine grave
- - 1.93 - Lactate Calcium
- 30.8 - - Silica fume
77 - - - Latex
- 0.77 - - superplasticizer

Table 8. Concrete mix proportions
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SO; 0.24

K>,O 0.38

Na,O 0.23

Cl 0.09

Specific gravity (%) 2170

Table 6. Physical and chemical properties of silica fume
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Specification Mixture

Name

control specimen C

Concrete containing silica fume with

a weight of 8% cement as cement CMS

substitute

Concrete containing latex with a

weight of 20% cement as cement CL

substitute

Concrete containing bacteria

concentration of 107 (cells/mL) with CB7

a weight of 0.5% calcium lactate as

cement substitute

Concrete containing bacteria

concentration of 10° (cells/mL) with CB9

a weight of 0.5% calcium lactate as

cement substitute

Table 7. Specification of the specimens
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Fig. 3. Compressive strength of concrete at 7 days
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Fig. 5. Bending strength of concrete at 7 days

Bending strength (MPa)
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Fig. 6. Bending strength of concrete at 28 days
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Fig. 4. Compressive strength of concrete at 28 days
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Fig. 8. Tensile strength of concrete at 28 days
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Fig. 7. Tensile strength of concrete at 7 days
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Abstract:

Concrete is the most widely made construction material in the structural engineering world. Advantages such
as high compressive strength, availability of raw materials, and low preparation cost make concrete one of
the most important used construction materials. Under harsh environmental conditions, aggressive agents
such as sulfates and chlorides penetrate the concrete through these cracks to damage the concrete. While
concrete cracks are not only expensive to repair, they are often hard to detect as well. It is now identified that
the strength of concrete alone is not sufficient, the degree of harshness of the environmental condition to
which concrete is exposed over its entire life is very important. Self-healing concrete is a type of concrete
that has the ability to repair itself without the need for an external agent during cracking. Concrete
containing microorganisms has self-healing properties. The self-healing agent contains a specific
concentration of bacteria with a nutrient in the concrete that produces calcium carbonate while the water and
environmental conditions are suitable for the concrete. In this research, four different specimens of concrete
have been made. Concrete containing microorganisms is made in two different concentrations of bacterium
bacillus pasteurization (107,10° cells/ml) and calcium lactate nutrients and is compared with concrete
containing silica fume, concrete containing latex and control concrete. In all four specimens, the same mix
design was used with a water/cement ratio of 0.48 and containing silica fume, latex polymer, and calcium
lactate, which replaced cement in different percentages. Specimens were subjected to compressive, flexural
and tensile strength tests at 7 and 28 days of operation, and the results were compared. The results showed
that the best performance among all specimens for concrete containing silica fume and self-repair agent
(bacteria and brain material) increased compressive strength and reduced tensile and flexural strengths
compared to the controlled specimens. The use of a self-healing agent in concrete increases the compressive
strength of concrete, but this increase is not as great as the increase in silica fume. Bacteria with a higher
concentration have a negative effect on the compressive strength of concrete so that more use of bacteria in
concrete increases the compressive strength to such an extent that it even reduces the compressive strength
compared to the concrete strength of the control specimens. The self-healing agent reduces the flexural and
tensile strength of concrete, as opposed to silica fume but they are better than latex and produce better
results.

Keywords: Self-healing concrete, Bacteria, Pasteurii bacillus, Latex, Silica fume, Mechanical properties.
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