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Abstract 

Bacterial concrete is considered as an innovative environmentally friendly method of construction. In this work, control and 

bacterial concrete specimens (cube, cylinder, and prism) have been prepared and cured in the laboratory for 28 days. A soil 

bacterium named Bacillus subtilis was cultured in the laboratory, the concentration of bacteria cells of B. subtilits in normal 

saline (NaCl, 9 g/l) suspension was 106 cell/ml. Such bacteria were added to the mixing water. Specimens have experienced 

the pulse velocity determination, then were divided into two sets. The first set was subjected to alter freezing-thawing cycles, 

while the second set was subjected to alter wetting-drying cycles. It was observed that the pulse velocity of bacterial concrete 

after 60 alter cycles of (freezing and thawing) is higher than that of control concrete (without bacteria) for cubes, cylinders and 

prisms by (18.4, 3.4 and 8.8)% respectively. While, the pulse velocity of bacterial concrete after 60 cycles of (wetting and 

drying) exhibit higher values than that of control concrete (without bacteria) for cube, cylinder and prism specimens by (17.4, 

3.5 and 5.28)% respectively. Specimens were then assessed using the scanning electron microscope SEM. It was observed that 

the crack is filled by the CaCO3 precipitation calcite crystals produced by Bacillus Subtilis. A layer of white precipitates all 

over the surface of the specimen with bacteria can be noticed indicating that the calcium carbonate crystals were very well 

developed near the surface of the crack. 
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1. Introduction 

Ultrasonic pulse velocity (UPV) test was applied to describe 

the concrete quality in terms of density, uniformity and 

homogeneity. This is based on the fundamental rule that the 

velocity of ultrasonic pulse through any substance place trust 

in the density of the material [1, 2]. Despite several prior 

works, reported results on the mechanical performance and 

evaluation using pulse velocity of concrete treated by 

bacterial self-healing were very rare. Calcite precipitating 

bacteria was isolated and identified by Krishnapriya et al, [3]. 

The suitability of these bacteria for use in concrete to 

improve its strength was checked. It was stated that Bacteria 

to be incorporated in concrete should be alkali resistant to 

endure the high pH of concrete and must exhibit high urease 

activity to precipitate calcium carbonate in the form of 

calcite. The calcite precipitation induced by Bacillus pasteurii 

and Bacillus sphaericus was found to be effective in 

remediating cracks of concrete and increased its compressive 

strength. The durability of concrete specimens treated with 

Bacillus pasteurii exposed to alkaline, sulphate and freeze-

thaw environments was also reported to increase, [4]. The 

calcite precipitation by bacterial isolates in the micro cracks 

and pores in concrete specimens were analyzed using 

scanning electron microscope SEM micrographs by 
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Krishnapriya et al, [3]. The broken pieces of cube specimens 

obtained from compressive strength test were collected. All 

the samples were dried at 100°C in oven for 3 days. These 

samples were gold coated with a sputter coating and 

subjected to SEM analysis. It was concluded that the 

enhancement of strength and healing of cracks can be 

attributed to the filling of cracks in concrete by calcite which 

was visualized by Scanning Electron Microscope. The 

presence of individual crystals can be observed in bacterial 

concrete specimens. On the other hand, the matrix of the 

control concrete shows no such crystal growth. The study by 

Siddique et al, [5] had investigated the influence of cement 

baghouse filter dust CBFC in control and bacterial concrete, 

as partial replacement of ordinary Portland cement on 

compressive strength, water absorption, porosity, chloride 

permeability and sorptivity at 28 and 56 days of curing. 

Scanning electron microscope SEM and x-ray diffraction 

XRD results exhibited formation of ettringite in pores, 

increased calcium silicate hydrate (CSH) and calcite 

production which densified the concrete structure, and thus, 

increased the compressive strength in bacterial concrete 

containing CBFD. There are several ways this can be 

accomplished. One or more nondestructive testing (NDT) 

techniques, such as Acoustic Emission, Ultrasonic, 

Radiography, Magnetic Particle, Visual and others can be 

used, [6]. The paper describes an inspection program which 

uses Acoustic Emission (AE) as the primary technique for 

performing a global evaluation of the equipment's 

mechanical integrity. The transmitted waves are detected by 

transducers on the surface of a specimen. An acoustic 

emission technology is based on the ultrasonic pulse velocity 

(UPV) measurement. However, with UPV measurement, it is 

difficult to determine the extent of the accurate crack healing 

[7]. The mechanical behavior of concrete incorporating a 

non-ureolytic bacteria-based healing agent at multi scale 

levels was focused by Xu, and Yao [8]. In the research, four-

point bending and ultrasonic pulse velocity (UPV) as macro 

scale mechanical measurements were performed to evaluate 

the mechanical properties of concrete during the processes of 

damaging and healing. The effectiveness of healing was 

evaluated by mechanical tests in macroscale (flexural and 

ultrasonic pulse velocity) and nanoscale (nanoindentation), 

respectively. Both the repair method and the type of calcium 

source have a significant impact on the healing efficiency. It 

was concluded that the healing ratio and recovery ratios of 

flexural strength and modulus of the two-component self-

healing with calcium glutamate were higher than that of 

control series by a factor of 2. The durability of structural 

concrete against aggressive agents was studied by Andalib et 

al [9], and Ultrasonic pulse velocity (UPV) test was applied 

to describe the bio-concrete quality in terms of density, 

uniformity and homogeneity. This is on the basis that the 

velocity of ultrasonic pulse through any substance place trust 

in the density of the material. Measurements were made for 

the transit time (microsecond) of a high-frequency pulse over 

a measured path length (meter) between the transducers 

placed on the bio-concrete surface [10]. It was concluded that 

ultrasonic pulse velocity (UPV) and micro-structural tests 

results had proved that the density and uniformity of bacterial 

concrete are more than normal concrete even against 

aggressive conditions. It was concluded by Mostavi et al, 

[11] that no significant reduction in wave transmission time 

of control sample was observed over time, which means the 

depth of the developed cracks has not changed. However, 

concrete samples containing 2.5% and 5.0% of double-

walled microcapsules showed a steady decrease in wave 

transmission time with low slope during the measurement 

period. Based on the observed the healing period, the rate of 

healing in concrete beams with 5.0% microcapsules was 

higher in comparison with samples containing 2.5% of 

microcapsules. The study was undertaken by Liu et al, [12] to 

investigate the efficiency of biomineralization on self-healing 

of internal microcracks in cement-based mortar samples. 

Coda wave interferometry was proposed for continuous 

monitoring of the biomineralization-induced crack repair 

process in mortar samples. Observation of interfaces with 

SEM in-situ loading as stated by Feiteira et al, [13] allowed 

determination of failure of a rigid foam due to cracking of the 

polymer matrix and detachment at the interface with the 

cementitious matrix. SEM is especially useful in situation 

where the micro-structural or micro compositional 

characteristics of the concrete need to be examined 

Numerous techniques have been employed in order to 

examine the self-healing quality of concrete materials. 

Scanning electron microscopic (SEM) is used to show the 

create calcium carbonate to treat cracks. Bacillus Sphaericus 

micro-organism without spores was studied by Wang et al, 

[14, 15], SEM images of bacterial concrete shows calcite 

precipitation, the calcite precipitation in concrete specimen 

was containing. The bacterial concrete containing 10
5
 

cells/ml concentration of bacteria in concrete was 

investigated by Ghosh et al, [16]. The SEM image shows 

rode shaped structure indicating the presence of calcite in 

concrete specimen. 

In this work, control and bacterial concrete specimens (cube, 

cylinder, and prism) will be prepared and cured in the 

laboratory for 28 days. A soil bacterium named Bacillus 

subtilis will be cultured in the laboratory, and implemented for 

bacterial concrete preparation. Such bacteria will be added to 

the mixing water. Specimens will experience the pulse velocity 

determination, then will be subjected to alter freezing-thawing 

and wetting-drying cycles. Specimens will then be assessed 

using the scanning electron microscope SEM. 
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2. Material Characteristics 

2.1. Coarse Aggregate 

Crushed gravel with a nominal size of (19mm) brought from 

Nibaee region was implemented in this work. The gravel was 

separated into different sizes by sieve analysis then 

recombined to match the grading requirements according to 

Iraqi specification [17]. The aggregate was flushed and 

cleaned by water. Later, it was air dried. The physical 

properties of coarse aggregate are listed in Table 1. 

Table 1. Physical properties of coarse aggregate. 

Properties Results Limits of Specification Specification [18] 

Bulk Specific gravity 2.63 -- ASTM C127-01 

Absorption,% 1.167 -- ASTM C127-0 

Clay content 0.06 <0.25 IQS No. 45-84 

2.2. Fine Aggregate 

Fine aggregate (passing sieve No. 4) was brought from Al-Ukhaider region and used in this work. The physical properties of 

fine aggregate are shown in Table 2. The combined aggregate gradation is presented in Table 3. 

Table 2. Physical properties of fine aggregate. 

Properties Results 

Fineness modulus 2.5 

Specific gravity 2.6 

Absorption,% 0.85 

Table 3. Combined aggregate gradation implemented. 

Sieve size mm 19 12.5 9.5 4.75 1.18 0.3 0.15 

Percentage finer by weight 100 85 70 59 46.4 16 3.3 

2.3. Cement 

The Ordinary Portland cement (Type 1) with a commercial name (Tasluga) was implemented throughout the present 

work. Table 4 exhibit the chemical composition of cement, while Table 5 presents the physical properties of cement. 

Table 4. Chemical composition of cement. 

Oxide % By weight Limit of Iraqi specification [19] 

CaO 61.28 -------- 

SiO2 18.372 -------- 

Al2O3 3.58 -------- 

Fe2O3 5.02 -------- 

MgO 1.39 < 5.0 

SO3 2.02 < 2.80 

C3A 0.988 -------- 

Loss on ignition 2.85 ≤ 4.0 

Insoluble residue 1.07 < 1.5 

Lime saturated Factor 1.0148 ≥ 0.66 ≤ 1.02 

C3S 37 ----- 

C2S 26.1 ----- 

C3A 9.98 ----- 

C4AF 10.05 ----- 

Table 5. Physical properties of cement. 

Physical properties Test result Limits of Iraqi specification [19] 

Specific surface area, Blain’s method m²/kg 394 ≥ 230 

Soundness, Autoclave’s Method,% 0.03 < 0.8 

Setting time, Vicat’s method   

Initial setting hour: min 2:15 ≥ 45 min 

Final setting hour: min 3:30 ≤ 10 hours 

Compressive strength   

3 days N/mm² 20.7 ≥ 15 

7 days N/mm² 26.1 ≥ 23 
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2.4. Water 

The water used in mixes was the tap water of Baghdad area. 

This water was also used for curing. 

2.5. Nutrients 

Nutrients are the main energy sources for bacteria, it is very 

important to provide proper and enough nutrient for calcite 

producing bacteria. a suitable mineral substrate is to be 

provided along with bacteria during casting. Calcium lactate 

is also known as calcium salt and the chemical formula is 

C6H10CaO6. It looks like white powder and it possesses 

efflorescent odor. Calcium lactate was selected for the 

present study as a calcium source, Table 6 show a Physical 

properties of calcium lactate. Bacteria use urea as a source of 

nitrogen, where urease hydrolyses urea releasing two 

ammonium molecules and carbonate ions. Therefore, urea is 

selected as the nitrogen source for the bacteria. 

Table 6. Physical properties of calcium lactate. 

Chemical formula C6H10CaO6 

Appearance White powder 

Density 1494 kg/m3 
Solubility in water 7.8 g/100 ml 

Odor Efflorescent 

Solubility Very soluble in ethanol 

Molar mass 218.22 g/mol 

2.6. Nutrient Agar 

Nutrient Agar is a general purpose, nutrient medium used for 

the cultivation of microbes supporting growth of a wide 

range of non-fastidious organisms. Nutrient agar is popular 

because it can grow a variety of types of bacteria and fungi, 

and contains many nutrients needed for the bacterial growth. 

Table 7 shows the Composition of Nutrient agar. 

Table 7. Composition of Nutrient agar. 

Composition Notes 

0.5% Peptone It is an enzymatic digest of animal protein. Peptone is the principal source of organic nitrogen for the growing bacteria. 

0.3% beef extract/yeast extract 
It is the water-soluble substances which aid in bacterial growth, such as vitamins, carbohydrates, organic nitrogen 

compounds and salts. 

1.5% agar It is the solidifying agent. 

0.5% NaCl 
The presence of sodium chloride in nutrient agar maintains a salt concentration in the medium that is like the cytoplasm 

of the microorganisms. 

Distilled water 
Water is essential for the growth of and reproduction of micro-organisms and provides the medium through which 

various nutrients can be transported. 

 

2.7. Methodology 

The methodology implemented in this investigation consists 

of three steps, in the first step, Culture and growth of bacteria 

(Bacillus subtilis) in the laboratory was conducted. In the 

second step, preparation of concrete specimens (cubes, 

cylinder and beams) was conducted. Bacteria was added to 

the mixing water of concrete. Control specimens (without 

bacteria) were also prepared for comparison. In the third step, 

after curing of the specimens for 28 days, specimens were 

divided into two sets, the first set was subjected to 30 and 60 

Wetting-Drying cycles, while the second set had practiced 30 

and 60 freezing and thawing cycles. After 30 and 60 of the 

above durability cycles, the specimens were subjected to 

ultrasonic pulse velocity determination. Test results were 

analyzed and compared with those of control mixture. 

Specimens were then assessed using the scanning electron 

microscope SEM. 

2.8. Preparation of Concrete Mixture 

2.8.1. Normal Concrete Materials 

Normal concrete mixture was designed as per ACI, [20] 

method, such mixture is usually used for rigid pavement 

construction in order to get the suitable compressive strength 

of 30 MPa after 28 days of curing, and the water/cement ratio 

is 0.477. Details of the design mixture and proportions of 

concrete are given in Table 8. 

Table 8. Materials and proportions for mixture concrete. 

Material Cement Water Coarse aggregate Fine aggregate 

Weight 373kg/m3 178 kg/m3 1080 kg/m3 644 kg/m3 

 

2.8.2. Bacterial Concrete Materials 

In the mixing process of bacterial concrete, the bacterial 

concentration of 10
6
 cell/ml of water was added to the water 

during the process of mixing, nutrients (calcium lactate of 

2% of cement mass) were firstly dissolved in part of the 

mixing water and part of the mixing water was replaced by 

bacterial suspension. Details of the preparation of bacteria 

and mixing of bacterial concrete are published elsewhere, 

[21]. 

2.8.3. Ultrasonic Pulse Velocity Test 

The pulse velocity is one of Nondestructive Tests determined 

according to ASTM, [18]. The pulse velocity tester type 
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(pundit) with frequency 54 KHz and accuracy of 0.1 was 

used to measure the pulse velocity for the specimens (cubes, 

cylinder and prism) before starting destructive tests and to 

ensure the extent of possible induced cracks in the 

specimens. Calibration of the pundit was done before testing 

to check the accuracy of the transit time measurements. This 

is achieved by the calibration with the reference bar. A thin 

layer of grease was applied on the surface of the tested points 

to act as a couplet and to prevent dissipation of transmitted 

energy. The pulse transit path length was measured 

accurately, and the time of its travelling was recorded. The 

pulse velocity is evaluated by using Equation (1), the 

ultrasonic pulse velocity test setup is demonstrated in Figure 

1. 

V = L / T                                         (1) 

Where: 

V: Ultrasonic pulse velocity (Km/sec), 

L: The path length (mm), and 

T: The transmit time (µsec). 

 

Figure 1. Ultrasonic Pulse Velocity Test. 

2.8.4. Scanning Electron Microscope (SEM) 

SEM is especially useful in situation where the micro-

structural or micro compositional characteristics of the 

concrete need to be examined. Typically, the data is 

represented graphically in to show the compositions of the 

phases present; these plots can show subtle changes in 

composition and can be used in many ways. The Morphology 

and mineralogical composition of the deposited calcium 

carbonate crystals were investigated using scanning electron 

microscope (SEM). Figure 2 show the Scanning Electron 

Microscope device. 

 

Figure 2. Scanning Electron Microscope device. 

3. Results and Discussions 

3.1. Effect of Freezing and Thawing Cyclic 
on Ultrasonic Pulse Velocity 

The ultrasonic pulse velocity value was calculated as the 

average of three specimens from each (cubes, cylinders, 

prisms) for each stage. Three readings were recorded on each 

specimen and the averaged was considered. It has been 

observed that the ultrasonic pulse velocity of the bacterial 

concrete specimens induced with B. Subtilis have significant 

reduction in wave transmission time and the pulse velocity 

increases as compared to the control concrete specimens 

before and after being subjected to cycles of freezing and 
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thawing. It can be noticed that the pulse velocity of bacterial 

concrete at 60 cycles (end of cycles) of freezing and thawing 

is higher than that of control concrete (without bacteria) for 

cubes, cylinders and prisms by (18.4, 3.4 and 8.8)% 

respectively. This is since an ultrasonic pulse passes through 

concrete will meet a concrete–air interface, so that any air-

filled crack or void lying directly between the transducers 

will obstruct. For bacterial concrete, the bacteria will 

precipitate the calcium carbonate in the voids or cracks and 

possess self-healing of defects. Figure 3 Exhibit the influence 

of bacteria on the pulse velocity during the freezing and 

thawing cycles. 

 

Figure 3. Pulse velocity during freezing and thawing cycles. 

Table 9 demonstrates the deterioration of concrete quality 

after alter freezing and thawing cycles, it shows percentage 

of decrease in pulse velocity for cubes, cylinders and prisms 

with and without bacteria subjected to 30 and 60 freezing and 

thawing cycles. It can be observed that the control mixture 

exhibit (4.7 to 6.2)% and (9 to 12.5)% reduction in pulse 

velocity after 30 and 60 alter freezing and thawing cycles 

indicating micro crack initiation for all types of tested 

specimens. On the other hand, the bacterial concrete exhibit 

minimal reduction in pulse velocity of (2.3 to 3.4)% and (5.2 

to 6.7)% after experiencing 30 and 60 alter freezing and 

thawing cycles indicating the ability of self-healing with the 

aid of bacteria. This could be attributed to the fact that the 

Microbiologically induced calcite precipitation MICP 

provides an option to improve the durability of concrete 

structures by controlling the porosity through calcite 

deposition and therefore controlling the effect of frozen water 

in pores and the possibility of initiation of a new created 

crack, deterioration and this provided bond to the structure, 

therefore the travel time through concrete decrease. It can be 

concluded that the travel time of an ultrasonic wave through 

the concrete, and the variations in the travel time through the 

concrete are taken as an indicator of the damage of the 

internal structure. 

Table 9. Deterioration of concrete quality after alter freezing and thawing cycles. 

Type of concrete mixture 

Percent reduction in pulse velocity after freezing and thawing cycles 

Cube specimens Cylinder specimens Prism specimens 

30 cycles 60 cycles 30 cycles 60 cycles 30 cycles 60 cycles 

Control 5.2 10.63 4.75 9 6.25 12.5 

Bacterial 2.33 5.24 3.08 6.75 3.47 6.73 

 

3.2. Effect of Wetting and Drying Cyclic on 
Ultrasonic Pulse Velocity 

The pulse velocity was measured after subjecting the control 

and bacterial concrete specimens of various shapes (cube, 

cylinder, and prism) to alter wetting and drying cycles. 

Figure 4 Demonstrates the influence of the wetting and 

drying cycles on pulse velocity. It can be noticed that the 

pulse velocity of bacterial concrete after 60 cycles of wetting 

and drying exhibit higher values than that of control concrete 

(without bacteria) for cube, cylinder and prism specimens by 

(17.4, 3.5 and 5.28)% respectively. This may be attributed to 

the fact that for control concrete, when an ultrasonic pulse 

passes through concrete, it will meet a concrete–air interface, 

so that any air-filled crack or void lying directly between the 

transducers will obstruct the direct beam of ultrasound, and 

the void has a projected area larger than the area the 

transducer faces. While, for bacterial concrete, the formation 

of CaCO3 precipitates by the bacterial strains (B. Subtilis) is 

due to the hydrolysis of urea which results in the production 

of ammonia and carbonate that led to reduction and filling of 

the pores of the concrete matrix. Then, higher velocity is 

achieved when concrete quality is high in terms of density 
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and uniformity therefore improves its resistance to the damage of wetting and drying attack. 
 

 

Figure 4. Pulse velocity during wetting and drying cycles. 

Table 10 demonstrates the deterioration of concrete quality 

after alter wetting and drying cycles, it shows percentage of 

decrease in pulse velocity for cubes, cylinders and prisms 

with and without bacteria subjected to 30 and 60 alter cycles 

of wetting and drying. It can be observed that the control 

mixture exhibit (5.6 to 7)% and (11.7 to 13.3)% reduction in 

pulse velocity after 30 and 60 alter wetting and drying cycles 

indicating micro crack initiation for all types of tested 

specimens. On the other hand, the bacterial concrete exhibit 

minimal reduction in pulse velocity of (3.3 to 4.7)% and (7.1 

to 10.6)% after experiencing 30 and 60 alter wetting and 

drying cycles indicating the ability of self-healing with the 

aid of bacteria. This may be due to the microcracks as results 

of drying process, therefore the travel time increase and the 

pulse velocity decrease. This could be attributed to the fact 

that the MICP provides an option to improve the durability of 

concrete structures by controlling the porosity through calcite 

deposition and therefore controlling the effect of filling and 

losing water in pores and the possibility of initiation of a new 

created crack, deterioration and this provided bond to the 

structure, therefore the travel time through concrete decrease. 

It can be concluded that the travel time of an ultrasonic wave 

through the concrete, and the variations in the travel time 

through the concrete are taken as an indicator of the damage 

of the internal structure. 

Table 10. Deterioration of concrete quality after alter wetting and drying cycles. 

Type of concrete mixture 

Percent reduction in pulse velocity after freezing and thawing cycles 

Cube specimens Cylinder specimens Prism specimens 

30 cycles 60 cycles 30 cycles 60 cycles 30 cycles 60 cycles 

Control 5.64 11.71 5.78 12.39 7 13.33 

Bacterial 3.3 7.18 4.1 9.85 4.72 10.6 

 

3.3. Scanning Electron Microscope (SEM) 

Analysis 

Microscopic visualization and characterization of self-

healing was conducted at multiple areas on the cracked 

specimens for the control and bacterial concrete. The 

specimen was a concrete cube. Specimens incorporated with 

and without bacteria were observed under SEM after 28 days 

of curing. Figure 5 and Figure 6 shows the SEM observation. 

For the specimen of concrete with a Bacterial solution, it can 

be observed from the Figure that the crack is filled by the 

CaCO3 precipitation calcite crystals produced by Bacillus 

Subtilis. It was observed that a layer of white precipitates all 

over the surface of the specimen with bacteria, it can also be 

noticed that the calcium carbonate crystals were very well 

developed near the surface of the crack. These crystals have 

clear and sharp edges which reveal a full growth of crystal. 

Similar findings were reported by Liu et al, [12]. Closer 

examination of SEM shows the presence of distinct 

rhombohedral shaped crystals in the crack area as 

demonstrated in Plate 4. Additionally, the rod-shaped holes 

inside the crystals show the space that was occupied, a layer 

of white precipitates can be found all over the surface of the 

specimen with bacteria. Similar crystal morphology can be 

observed for the precipitation of bacteria. Besides calcite, on 

closer observation, small amounts of spherical deposits 

(presumably vaterite) of around 30 µm were visible within a 

dense matrix of irregular crystalline deposits Rhombohedral 

crystals, characteristic for calcite, are present in the middle of 

the micrograph. The rod-shaped holes inside the crystals 
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show the space that was occupied with the bacteria, [16]. 

SEM observation of control sample without bacteria showed 

no sign of crystal growth as demonstrated in Figure 7. 

Though the samples without bacteria exhibited the formation 

of fewer amount of white crystals on the surface and along 

the crack wall, but not as dense as that of bacterial 

incorporated. 

 

Figure 5. SEM observation of cracked samples with induced in mix concrete. 

 

Figure 6. SEM observation closer of CaCO3 crystals B. subtilis formed by Bacillus subtilis induced in mix concrete. 
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Figure 7. SEM observation of control specimen. 

4. Conclusions 

Based on the testing program, it can be concluded that the 

pulse velocity of bacterial concrete after 60 alter cycles of 

(freezing and thawing) is higher than that of control concrete 

(without bacteria) for cubes, cylinders and prisms by (18.4, 

3.4 and 8.8)% respectively. The control mixture exhibit (4.7 

to 6.2)% and (9 to 12.5)% reduction in pulse velocity after 30 

and 60 alter freezing and thawing cycles respectively. The 

bacterial concrete exhibit minimal reduction in pulse velocity 



10 Saad Issa Sarsam and Mohamed Fadhel Suliman:  Non-Destructive Evaluation of Bacterial  

Concrete Behavior Through Durability Cycles 

of (2.3 to 3.4)% and (5.2 to 6.7)% after experiencing 30 and 

60 alter freezing and thawing cycles respectively. The pulse 

velocity of bacterial concrete after 60 cycles of (wetting and 

drying) exhibit higher values than that of control concrete 

(without bacteria) for cube, cylinder and prism specimens by 

(17.4, 3.5 and 5.28)% respectively. The control mixture 

exhibit (5.6 to 7)% and (11.7 to 13.3)% reduction in pulse 

velocity after 30 and 60 alter wetting and drying cycles 

respectively. The bacterial concrete exhibit minimal 

reduction in pulse velocity of (3.3 to 4.7)% and (7.1 to 

10.6)% after experiencing 30 and 60 alter wetting and drying 

cycles respectively. Through SEM, it was observed that the 

crack is filled by the CaCO3 precipitation of calcite crystals 

produced by Bacillus Subtilis. 
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