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Abstract 

 Carbonate-producing bacteria have attracted lots of interest as a promising, natural, 

environmental friendly novel technique to improvement of concrete characteristics. 

Considerable research has been conducted on utilizing microbial-induced carbonate 

precipitation to mitigate several concrete problems such as crack repair, reduction and 

modification of porosity and permeability. Furthermore, bacterial carbonate precipitation has 

shown positive influences on compressive strength improvement of concrete. 

Bacterial concrete is found to be superior in all aspects of durability. In previous studies it is 

found that bacterial concrete containing 22.5 ml of bacteria is optimum dosage.  

In the meanwhile, it seems the study related to the exposure in severe environment of 

bacterial concrete has not been comprehensively investigated. Therefore its decided to carry 

out an investigation of behavior of bacterial concrete in different severe environment of 

Chloride and sulphate by forming mortar cubes of bacterial solution 22.5ml/cube and placed 

in different solution of sulphate and chloride (viz. 5g/lit, 7.5g/lit, 10g/lit, 12.5g/lit, 15g/lit) 

further these various samples are tested under various laboratory methods (viz. compressive 

strength, ultra sonic pulse velocity, SEM and mass variation). By doing so, it is found that 

samples under the different environmental exposures of sulphate and chloride gave the 

maximum compressive strength of 49.4 MPa in 5g/lit of sulphate and 53.3 MPa in 12.5g/lit of 

Chloride but these compressive strengths are lesser as compared to conventional cement 

mortar cubes under same environmental conditions. In this study growth of bacteria is also 

observed my using mass variation method by observing the weight of samples it is found that 

the bacteria is growing well in the sample. By performing Ultrasonic Pulse Velocity Test it is 

found that the quality of cubes are also good. 
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Chapter 1 

Introduction 

1.1 Background 

Carbonate-producing bacteria have attracted lots of interest as a promising, natural, 

environmental friendly novel technique to improvement of concrete characteristics. 

Considerable research has been conducted on utilizing microbial-induced carbonate 

precipitation to mitigate several concrete problems such as crack repair (Van Tittelboom et al. 

2010; Wiktor and Jonkers 2011), reduction and modification of porosity (Ghosh et al. 2005, 

2009), and permeability (De Muynck et al. 2007a; Jonkers and Schlangen 2008; Nemati and 

Voordouw 2003). Furthermore, bacterial carbonate precipitation (bio deposition) has shown 

positive influences on compressive strength improvement of concrete (Bang et al. 2001; Ghosh 
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et al. 2005, 2009; Jonkers and Schlangen 2008; Jonkers et al.2010; Reddy et al. 2010) and also, 

it also reduces water absorption and carbonation of concrete as an alternative surface treatment 

(De Muynck et al. 2007a, b, 2008a, b). As part of metabolism, some bacteria produces enzyme 

urease which catalyzes the hydrolysis of urea to generate carbonate ions without an associated 

production of protons which leads to CaCO3 precipitation in presence of calcium ions (Chahal 

et al. 2012; Okwadha and Li 2011; Siddique and Chahal 2011). Therefore, bacteria cells not 

only provide a nucleation site for CaCO3 precipitation due to their negatively charged cell walls, 

but also create an alkaline environment inducing further growth of CaCO3 crystals (Ferris et al. 

1987; Stocks-Fischer et al. 1999). One ml of urea is hydrolyzed intracellularly to 1 ml of 

ammonia and 1 ml of carbonate, which is presented in Eq. (1). According to Eq. (2), carbonate 

hydrolyses to ammonia and carbonic acid. Eqs. (3) and (4) demonstrate former products 

subsequently equilibrate in water to form bicarbonate, ammonium, and hydroxide ions. The 

latter causes pH increase resulting in the formation of carbonate ions [Eq. (5)], which in the 

presence of soluble calcium ions precipitate as CaCO3 [Eq. (6)]. Eq. (7) is the overall reaction, 

which demonstrates that ammonium and calcium carbonate are the products of added urea and 

calcium to the system (Siddique and Chahal 2011; Van Tittelboom et al. 2010). 

                 …… (1) 

          ....… (2) 

.                                       ..(3) 

            …… (4) 

           ...…. (5) 
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                       ..….. (6) 

         …….(7) 

 

Effect of the application of ureolytic bacteria such as Bacillus Pasteurii , now 

reclassified as Sporosarcina Pasteurii (Siddique and Chahal 2011), B. Subtilis, and B. 

Sphaericus on concrete characteristics has been extensively studied. Stocks-Fischer et al. 

observed CaCO3 crystals in sand specimens containing B. Pasteurii cells accompanied with urea 

and CaCl2. Possible biochemical reactions in urea-CaCl2 medium to precipitate CaCO3 at the 

cell surface can be summarized as follows (Stocks-Fischer et al. 1999): 

                                  ..…(1) 

…… (2) 

…… (3) 

 Reddy et al. have reported the addition of B. Subtilis bacteria increases the 

compressive strength of standard grade concrete up to about 15% at 28 days, and also shows a 

significant improvement in split tensile strength compared to conventional concrete (Reddy et al. 

2010). Chahal et al. have prepared fly ash concrete specimens employing S. Pasteurii, and 

attributed  significant  28-day  compressive  strength  increment  of  fly  ash  

concrete  to consolidation of the pores inside the concrete cubes with bacterial induced calcium 

carbonate precipitation (Chahal et al. 2012). 
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1.2  Aim of the Project 

 Develop a bacterial cement mortar by introducing the bacteria of Bacillus family 

(Bacillus Subtilis). 

 To observe the change in the properties of cement mortar such as compressive strength  

and mass variation by introducing the Bacteria. 

 To know the quality of mortar by Ultrasonic pulse velocity test. 

 To perform microstructure analysis using SEM. 

 To observe the behaviour of bacteria (Bacillus Subtilis) in different environmental 

exposures i.e. (sulphate and chloride environment) 
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Chapter 2 

Literature Review 

 

2.1 Literatures 

 In order to carry out the project work various literatures were studied and findings 

obtained by the researchers were used to identify the research area, summarizations of literatures 

are as follows:- 

 A method of strength improvement of cement–sand mortar by the microbiologically 

induced mineral precipitation was described by P. Ghosh et al. (2005). A thermophilic 

anaerobic microorganism is incorporated at different cell concentrations with the mixing water. 

The study showed that a 25% increase in 28- d a y  compressive strength of cement mortar 

was achieved with the addition of about 105 cell/ml of mixing water. The strength improvement 

is due to growth of filler material within the pores of the cement–sand matrix as shown by the 

scanning electron microscopy. The modification in pore size distribution and total pore volume 

of  cement–sand  mortar   due   to   such   growth   is   also   noted. E. coli 

microorganisms were also used in the cement mortar for comparison, but no improvement in 

strength was observed.-“Use of microorganism to improve the strength of cement mortar”. 
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 As synthetic polymers, used for concrete repair, may be harmful to the environment, 

the use of a biological repair technique was investigated by K. Van Tittelboom et al. (2010). 

Ureolytic bacteria such as Bacillus Sphaericus were able to precipitate CaCO3 in their micro- 

environment by conversion of urea into ammonium and carbonate. The bacterial degradation of 

urea locally increases the pH and promotes the microbial deposition of carbonate as calcium 

carbonate in a calcium rich environment. These precipitated crystals can thus fill the cracks. The 

crack healing potential of bacteria and traditional repair techniques were compared by means 

of water permeability tests, ultrasound transmission measurements and visual examination. 

Thermo gravimetric analysis showed that bacteria were able to precipitate CaCO3 crystals 

inside the cracks. It was seen that pure bacteria cultures were not able to bridge the cracks. 

However, when bacteria were protected in silica gel, cracks were filled completely.-“Use of 

bacteria to repair cracks in concrete.” 

 Microbially enhanced calcite precipitation on concrete or mortar had become an 

important area of research regarding construction materials. Study examined by V. Achal et al. 

(2011) stated the effect of calcite precipitation induced by Sporosarcina Pasteurii (Bp M-3) on 

parameters affecting the durability of concrete or mortar. An inexpensive industrial waste, corn 

steep liquor (CSL), from starch industry was used as nutrient source for the growth of bacteria 

and calcite production, and the results obtained with CSL were compared with those of the 

standard commercial medium. Bacterial deposition of a layer of calcite on the surface of the 

specimens resulted in substantial decrease of water uptake, permeability, and chloride 

penetration compared with control specimens without bacteria. The results obtained with CSL 

medium were comparable to those obtained with standard medium, indicating the economization 

of the bio-calcification process. The results suggest that calcifying bacteria play an important 

role in enhancing the durability of concrete structures. -  “Effect of calcifying bacteria on 

permeation properties of concrete structures,” 

 Fly ash acts as a partial replacement material for both Portland cement and fine 

aggregate. An innovative approach of microbial calcite precipitation in fly ash-amended 

concrete had been investigated. The first report by V. Achal et al. (2011) to discuss the role of 

microbial calcite precipitation in enhancing the durability of fly ash-amended concrete. The 

study investigated the effects of Bacillus Megaterium ATCC 14581 on compressive strength, 

water absorption and water impermeability of fly ash-amended mortar and concrete. Mortar 

specimens were used for compressive strength and water absorption tests, while concrete 

specimens were used for water impermeability tests. At the fly ash concentrations of 10%, 
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20% and 40% in mortars, bacterial cell enhanced mortar compressive strength by 19%, 14% and 

10%, respectively, compared to control specimens. Treated mortar cubes absorbed more than 

three times less water than control cubes as a result of microbial calcite deposition. Microbial 

deposition of a layer of calcite on the surface of the concrete specimens resulted in substantial 

decrease of water uptake and permeability compared to control specimens without bacteria. 

Microbial cells also prevented ingress of water effectively in different concentrations of fly 

ash-amended concrete. Scanning Electron Micrography (SEM) analyses evidenced the direct 

involvement of bacteria in calcite precipitation. The approach of the present study gives us dual 

environment friendly advantages. First, use of fly ash-a recovered resource reduces depletion of 

natural resources and also reduces the energy- intensive manufacturing of other concrete 

ingredients, leading to savings in both energy usage and emissions of greenhouse gases. And 

second, use of bacterial cells to improve strength and durability of fly ash-amended concrete 

further provides greener and economic options. -  “Improved strength and durability of fly 

ash amended concrete by microbial calcite precipitation.” 

 Microorganism was a unique living element and had the ability to precipitate minerals 

through the process of bio-mineralization. The precipitation process occurred naturally and 

most of the precipitated products are very important compound composed of such as carbon, 

nitrogen, oxygen, sulphur, phosphorus and silica. So far, concrete incorporated with 

microorganism that able to precipitate calcium carbonate (calcite) was reported. However, little 

information on silica precipitation and its effect on concrete properties had been revealed. The 

concrete specimens were incorporated with Bacillus Subtilis silica adsorbed in their cell wall by 

H Afifudin et al. (2011) -. Concrete specimens with five different concentrations of Bacillus 

Subtilis cell with 104, 105, 106 and 107 cell/ml and control (without Bacillus Subtilis) were cast. 

The experimental investigation made to prove that the silica precipitated by this microorganism 

can enhance the concrete properties namely its compressive strength and resistance to 

carbonation. The microstructure of the concrete contained Bacillus Subtilis was also examined. 

It was found that the inclusion of Bacillus Subtilis into the concrete enhanced the compressive 

strength. The concentration of 106 cell/ml was found to be the optimum concentration to give 

most enhanced effect to the compressive strength. However the effect of including Bacillus 

Subtilis to the resistance to carbonation of the concrete specimen is found to be insignificant. 

- “Microorganism precipitation in enhancing concrete properties” 

 Cracks in concrete were the main reason for a decreased service life of concrete 

structures. It was therefore more advisable and economical to restrict the development of early 

IR@AIKTC aiktcdspace.org



Microbially Induced Self-Healing Bacterial Cement Mortar 2018 

 

DEPARTMENT OF CIVIL ENGINEERING 8 
 

age small cracks the moment they appear, than to repair them after they have developed to large 

cracks. A promising way is to pre-add healing agents to the concrete to heal early age cracks 

when they appear, i.e. the so-called self-healing approach was described by J. wang et al. (2012). 

In addition to the more commonly studied polymeric healing materials, bacterial CaCO3 

precipitation also has the potential to be used for self-healing. It is more compatible with the 

concrete matrix and it is environment friendly. However, bacterial activity decreases a lot in the 

high pH (>12) environment inside concrete. In this research, the possibility to use silica gel or 

polyurethane as the carrier for protecting the bacteria was investigated. Experimental results 

show that silica gel immobilized bacteria exhibited a higher activity than polyurethane 

immobilized bacteria, and hence, more CaCO3 precipitated in silica gel (25% by mass) than in 

polyurethane (11% by mass) based on thermo gravimetric analysis. However, cracked mortar 

specimens healed by polyurethane immobilized bacteria had a higher strength regain (60%) and 

lower water permeability coefficient (10−10–10−11 m/s), compared with specimens healed by 

silica gel immobilized bacteria which showed a strength regain of only 5% and a water 

permeability coefficient of 10−7–10−9 m/s. The results indicated that polyurethane has more 

potential to be used as a bacterial carrier for self-healing of concrete cracks. -“Use of silica gel 

or polyurethane immobilized bacteria for self-healing concrete.” 

 The role of bacterial cell walls of Bacillus Subtilis as a concrete admixture to improve 

the mechanical performance of concrete. The bacterial cell walls are known to mediate microbial 

induced carbonate precipitation, a process in which CaCO3 is f o r m e d  f r o m    Ca2+ ions and 

dissolved CO2. Consistent with such knowledge, incorporation of bacterial cell walls increased 

carbonation of Ca(OH)2 and formation of CaCO3 in concrete. Furthermore, the bacterial cell 

walls significantly increased compressive strengths of concrete by 15% while also decreased 

porosity at 28 days of curing as described by R. Pei et al. (2013). As in CaCO3 precipitation in 

vitro indicated that bacterial cell walls, but not dead cells, accelerated carbonation of Ca2+ ions 

in Ca(OH)2 solution. Since CaCO3 formed can fill up the void, decrease the porosity and 

increase the compressive strength in concrete, bacterial cell walls could act as a promising 

concrete admixture with benefits in enhancing mechanical performance and improving other 

carbonation-related properties.-“Use of bacterial cell walls to improve the mechanical 

performance of concrete”. 

 The well-known fact that concrete structures are very susceptible to cracking which 

allows chemicals and water to enter and degrade the concrete, reducing the performance of the 
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structure and also requires expensive maintenance in the form of repairs. Cracking in the 

surface layer of concrete mainly reduces its durability, since cracks were responsible for the 

transport of liquids and gasses that could potentially contain deleterious substances. When 

micro cracks growth reaches the reinforcement, not only the concrete itself may be damaged, but 

also corrosion occurred in the reinforcement due to exposure to water and oxygen, and possibly 

CO2 and chlorides too. Micro-cracks are therefore the main cause to structural failure. One 

way to circumvent costly manual maintenance and repair is to incorporate an autonomous self 

-healing mechanism in concrete. One such an alternative repair mechanism is currently being 

studied by M. V. S. Rao et al. (2013) i.e. a novel technique based on the application of bio 

mineralization of bacteria in concrete. The applicability of specifically calcite mineral 

precipitating bacteria for concrete repair and plugging of pores and cracks in concrete  had  

been  recently  investigated  and  studies  on  the  possibility  of  using  specific bacteria 

as a sustainable and concrete -embedded self-healing agent was studied and results from 

on-going studies were discussed. Synthetic polymers such as epoxy treatment etc. were 

currently being used for repair of concrete are harmful to the environment, hence the use of a 

biological repair technique in concrete is focused. In the present paper, an attempt is made to 

incorporate dormant but viable bacteria in the concrete matrix which will contribute to the 

strength and durability of the concrete. Water which enters the concrete will activate the 

dormant bacteria which in turn will give strength to the concrete through the process of 

metabolically mediated calcium carbonate precipitation Concrete, due to its high internal pH, 

relative dryness and lack of nutrients needed for growth, is a rather hostile environment for 

common bacteria, but there are some extremophiles spore forming bacteria may be able to 

survive in this environment and increase the strength and durability of cement concrete. 

Overview of development of bioengineered concrete using bacterial strain Bacillus Subtilis JC3 

and its enhanced mechanical and durability characteristics was briefly described in this 

paper.-“A sustainable self-healing construction material.” 

 World widely, concrete is one of the most popular construction materials because of 

its strong, durable and inexpensive material. It has specialty of being cast in any desirable shape 

but plain concrete however is porous, possesses very low tensile strength, limited ductility and 

little resistance to cracking. These problems become more complicated in various environmental 

condition to which concrete is exposed. Conventionally, a variety of sealing agent namely, latex 

emulsions suffer from serious limitations of incompatible interfaces, susceptible to ultraviolet 

radiations, unstable molecular structure and high cost. Therefore, a novel and more 

environmental friendly technique was proposed for treating concrete material in structure by 
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employing bacteria induced calcium carbonate precipitation in the form of calcite by J. M. 

Irwan et al. (2013) - “Concrete Repair, Rehabilitation & Retrofitting II”. 

 Study was carried out by A. Talaiekhozani et al. (2013) to investigate two indigenous 

micro-organisms that can be isolated from soil. The isolated micro-organisms could precipitate 

calcium carbonate. These micro-organisms were applied to design self-healing concretes. 

Concrete is one of the most important materials which are used to build structures. Strength and 

durability of concrete is very important. Hence, a lot of research in this field is being conducted. 

Although a few reports can be found on the use of different micro-organism to  design  

self-healing  concretes,  no  research  had  been  carried  out  to  isolate  suitable 

indigenous micro-organisms in Malaysia. In this study two strains of microorganisms were 

isolated from soil. Broken concrete was treated by a medium culture (MC) containing micro- 

organisms. Results of this study showed that, cracked concrete could be filled by calcium 

carbonate after treating by a MC containing micro-organisms. However, this treatment is not 

very effective on the strength of concrete. Results of this study can be used to have a better grasp 

of biological self-healing concrete, it is extremely important to have cheap and durable materials 

to build concrete structures in future.-“Application of Proteus mirabilis and Proteus vulgaris 

mixture to design self-healing concrete.” 

 The applications of concrete are rapidly increasing worldwide and therefore the 

development of sustainable concrete was urgently needed for environmental reasons. As 

presently about 7% of the total anthropogenic atmospheric CO2 emission was due to cement 

production, mechanisms that would contribute to a longer service life of concrete structures 

would make the material not only more durable but also more sustainable. One such mechanism 

that receives increasing attention in recent years is the ability for self-repair, i.e. the autonomous 

healing of cracks in concrete. In this study we investigated the potential of bacteria to act as 

self-healing agent in concrete, i.e. their ability to repair occurring cracks. A specific group of 

alkali-resistant spore-forming bacteria related to the genus Bacillus was selected by H. M. 

Jonkers et al. (2013) for this purpose. Bacterial spores directly added to the cement paste mixture 

remained viable for a period up to 4 months. A continuous decrease in pore size diameter during 

cement stone setting probably limited life span of spores as pore widths decreased below 1 μm, 

the typical size of Bacillus spores. However, as bacterial cement stone specimens appeared to 

produce substantially more crack-plugging minerals than control specimens, the potential 

application of bacterial spores as self-healing agent appeared promising.-“A two component 

bacteria-based self-healing concrete.” 
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 Microbial induced calcium carbonate precipitation (MICCP) was a novel method for 

the protection of cement-based materials. This paper produced by Senthilkumar et al. (2014) 

deals the comparative studies on strength characteristics in microbial cement mortars which 

were treated by Enterobacter sp. M2 microorganism in different calcium source (calcium 

hydroxide, calcium acetate, calcium chloride and calcium oxide) with various curing process. 

The crystalline phases of calcium carbonate (CaCO3) crystals formation and the surface 

morphology of cement mortar were investigated by X-ray diffraction (XRD) and scanning 

electron microscope (SEM). Cement mortar specimens with and without addition of bacterial 

species were casted and ~ 44% increase in compressive strength, ~56% in tensile strength was 

noticed while compared to control specimen (without bacteria). Surface treatment of specimen 

with bacteria resulted around ~40% decrease of water absorption and increases the resistance to 

water and hazard material penetration, mainly attributed to its pore blocking effects. This 

biological surface treatment shows promising prospect for increasing durability aspects of 

concrete/cement mortar.-“Comparative studies on strength characteristics of microbial 

cement mortars”. 

 Shortcomings of conventional treatments have drawn the attention to alternative 

techniques for the improvement of the compressive strength. This paper reported by V.  

Senthilkumar et al. (2014) reports the effects of bacterial carbonate precipitation on the 

compressive strength of cement mortar specimens. The method of microbial mineral plugging in  

porous  media  was  common  in  nature.  Physical  and  biochemical  properties   of 

CaCO3 precipitation induced by Enterococcus sp. microorganism into cement mortar specimen 

was studied and analyzed. X-ray diffraction is used to identify the calcium carbonate (CaCO3) 

crystal as calcite, vaterite, aragonite and scanning electron microscope (SEM) was used to 

verify these formations as white precipitation (CaCO3) in the microbial cement mortars. In the 

present study a noteworthy enhancement of compressive strength 45% is observed in the 

Enterococcus sp. treated bio curing specimen while compared to control. -  “Fortification of 

compressive strength in enterococcus microorganism incorporated microbial cement 

mortar.” 

 During cement manufacturing, cement kiln dust (CKD) is generated which represents 

significant environment concern related to its emission, disposal and reuse due to high alkalinity. 

R. Siddique et al. (2014) studied the effect of bacterial (Bacillus Halodurans strain KG1) treated 

cement kiln dust on the compressive strength, water absorption and porosity (at 7, 28 and 91 
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days) of concrete after reducing the alkalinity. Concrete specimens were prepared with 0%, 5%, 

10% and 15% untreated and treated CKD replacing cement. Test results indicated that 7.15% 

and 26.6% increase in strength of concrete was achieved at 28 and 91 days, respectively, with 

the addition of bacterial treated 10% CKD whereas reduction in water absorption (20%) and 

porosity (12.35%) was observed at 91 days. X-ray diffraction (XRD) and scanning electron 

microscopy (SEM) results suggested that in bacterial treated 10% CKD concrete increased 

calcium silicate hydrate and formation of non-expansive ettringite in pores dense the concrete 

structure resulted in increased compressive strength. - “ Influence of bacterial treated cement 

kiln dust on the properties of concrete.” 

 A paper by R. Andalib et al. (2014) provided an in-sight into a new bio-technological 

method based on calcite precipitation for achieving high strength bio-concrete durability. It was 

very clear that mineral precipitation has the potential to enhance construction material  

resistance towards degradation procedures. The appropriate microbial cell concentration 

(30∗105cells/ml) was introduced on to different structural concrete grades (40 , 45 and 50 MPa ) 

by mixing water. In order to study the durability of structural concrete against aggressive agents, 

specimens were immersed in different types of acids solution (5% H2SO4 and HC ) to compare 

their effects on 60th, 90
th and 120

th day. In general, sulphuric acid and hydrochloric acid are known 

to be the most aggressive natural threats from industrial water which can penetrate concrete to 

transfer the soluble calcium salts away from the cement matrix. The experimental results 

demonstrate that bio-concrete has less weight and strength losses when compared to the ordinary 

Portland cement concrete without microorganism. It was also found that maximum compressive 

strength and weight loss occurred during H2SO4 acid immersion as compared to HCl immersion. 

The density and uniformity of bio-concrete were examined using ultrasonic pulse velocity (UPV) 

test. Microstructure chemical analysis was also quantified by energy dispersive spectrometer 

(EDS) to justify the durability improvement in bacterial concrete. It was observed that less 

sulphur and chloride were noticed in bacterial concrete against H2SO4 and HCl, respectively in 

comparison to the ordinary Portland cement concrete due to calcite deposition.-“Durability 

improvement assessment in different high strength bacterial structural concrete grades 

against different types of acids.” 

Cracks increase permeability affecting the durability of concrete. As they develop 

gradually, it is difficult to determine when to repair them. Self-healing materials can repair 

themselves gradually as cracks form. A study carried out by C. Stuckrath et al. (2014) 

shows, the isolated and combined effect of two self-healing agents for concrete, both based on 
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calcium carbonate precipitation, was studied. Lightweight aggregates were impregnated with 

chemical and biological solution to be added as healing agents in concrete mixtures. The 

influence of two common chemical admixtures on the performance of the self-healing agents 

was also studied. All self-healing agents were able to seal cracks between 0.08 and 0.22 mm 

in width. The estimated effect of chemical agents on the mean healing was higher than that of 

biological agents. In addition, thermo gravimetric analysis suggests the precipitates were 

different. Admixtures had no significant influence on the performance of self-healing 

agents.-“Performance of self-healing in reinforced mortar containing chemical 

admixture.” 

 Microcapsules were applied to encapsulate bacterial spores for self-healing concrete. 

The viability of encapsulated spores and the influence of microcapsules on mortar specimens 

were investigated by J. Y. Wang et al. (2014) firstly. Breakage of the microcapsules upon 

cracking was verified by Scanning Electron Microscopy. Self-healing capacity was evaluated by 

crack healing ratio and the water permeability. The results indicated that the healing ratio in the 

specimens with bio-microcapsules was higher (48%–80%) than in those without bacteria 

(18%–50%). The maximum crack width healed in the specimens of the bacteria series was 970 

μm, about 4 times that of the non-bacteria series (max 250 μm). The overall water permeability 

in the bacteria series was about 10 times lower than that in non-bacteria series. Wet–dry cycles 

were found to stimulate self-healing in mortar specimens with encapsulated bacteria. No 

self-healing was observed in all specimens stored at 95%RH, indicating that the presence of 

liquid water is an essential component for self-healing.-“Self-healing concrete by use of 

microencapsulated bacterial spores.” 

 Bacterial-based self-healing is a promising solution for sustainable concrete 

maintenance. A study carried out by J. Y. Wang et al. (2014) shows, bacterial spores were first 

encapsulated into hydrogels and then were incorporated into specimens to investigate their 

healing efficiency. The precipitation of CaCO3 by hydrogel-encapsulated spores was 

demonstrated by Thermo gravimetric analysis (TGA). The mortar specimens with hydrogel- 

encapsulated spores, showed a distinct self-healing superiority: the maximum healed crack 

width was about 0.5 mm and the water permeability was decreased by 68% in average. Other 

specimens in non-bacterial series had maximum healed crack width of 0–0.3 mm and the 

average water permeability was decreased by 15–55% only. - “Application of hydro gel 

encapsulated carbonate precipitating bacteria for approaching a realistic self-healing in 

concrete.” 
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 In this paper published by C. X. Qian et al. (2014), three bio-mineralization 

mechanisms were proposed to repair cement-based materials cracks. The common feature was 

that the three are all induced by bacterial. A type of bacterial which can decompose urea and 

release carbonate ions could be applied to repair micro cracks on concrete surface when 

combining calcium ions. But what need to be noted is that the way of repairing cracks is 

passive. Some Alkaliphilic bacterial spores could be added to concrete when casted and two 

different types of bacterial were used to realize the function of self-healing. The sources of 

carbonate ions made them different; the one release carbonate dioxide through its own cellular 

respiration, the other could transfer carbon dioxide in air to bicarbonate. Coefficient of capillary 

suction, apparent water permeation coefficient and area repairing rate were applied to 

characterize the repairing effectiveness. The tests results were that all three bio- mineralization 

mechanisms showed excellent repair effect to small cracks formed at early ages. When the 

bacteria were immobilized by Ceramsite, the self-healing effect could be improved for the 

cracks formed at late ages. - “ Self-healing and repairing concrete cracks based on 

bio-mineralization.” 

 Using Carbonate producing bacteria was a promising novel technique by F.  

Nosouhian, et al. (2015) for the improvement of concrete characteristics. Durability of concrete 

in harsh environment such as sulphate exposure has been constantly an important issue. The 

intention of the current study was evaluation h mixing water, the effect of sulphate solution 

exposure on durability properties of tested specimens including mass variation, volume 

variation, and water absorption of durability improvement of concrete containing bacteria 

exposed to sulphate environment. To do so, seven groups of 70-mm concrete prisms were made 

using two different bacterial strains accompanied with mixing water, the effect of sulphate 

solution exposure on durability properties of tested specimens - “Concrete Durability 

Improvement in Sulphate Environment Using Bacteria”. 

 Concrete structures are often reinforced with steel. In order for the reinforcement to 

take over tensile forces, concrete has to crack. Through such cracks, water and compounds that 

are harmful to concrete can enter. This can cause durability issues like leakage, concrete 

degradation and reinforcement corrosion. In situ repair of cracks was often labor-intensive and 

inefficient. Preferentially, cracks were autonomously healed from the inside out in an early stage, 

preventing the ingress of water. This can be achieved by incorporating healing agent particles 

composed of  nutrients  and  bacterial  spores  into  the  concrete  matrix. The bacteria  

will cracks with calcium carbonate. However, a coating is needed to protect the water-soluble 
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healing agent from water during mixing. In order to allow the bacteria access to water for 

activation after the concrete has hardened, such a coating should break whenever a crack occurs 

in the concrete. Therefore, it should adhere well to the concrete matrix. It is possible to achieve 

this by protecting the particles with a brittle geo-polymer coating. For this study, healing agent 

particles were coated with geo-polymers following different mixture recipes. Metakaolin is 

used as an Aluminosilicate source and sodium silicate as well as sodium aluminate is used as 

activator liquids. The particles are coated by granulation in a low-shear granulator. In order to 

improve the coating process, the operating window and the granulation mechanism were 

determined for all activator liquids used. Leaching and strength tests were performed by S. A. 

L. De Koster et al. (2015) and coated particles are incorporated in cement paste in order to 

determine the feasibility of application of the particles in concrete. Results show that the 

prepared particles are better protected from leaching than untreated particles. Using a high 

pressure single-fluid nozzle to improve nebulisation when coating produces more particles of 

the desired size than coating with a low pressure single-fluid nozzle with poor nebulisation. 

Furthermore, particles prepared with a high pressure nozzle sprayer perform better when 

incorporated into cement paste than particles prepared with a low pressure nozzle sprayer. - 

“Geo-polymer coating of bacteria-containing granules for use in self-healing concrete.” 

 The objective of this study by E. Mostavi et al. (2015) was to evaluate a new generation 

of self-healing materials that hold promise for better durability and performance. The in situ 

polymerization method was used to develop double-walled microcapsules. The microcapsules 

were prepared in a single batch process containing sodium silicate as the healing agent 

encapsulated in double-walled polyurethane/urea-formaldehyde (PU/UF) microcapsules. 

Double-walled microcapsules provide enhanced durability at high temperatures compared with 

single-walled microcapsules while preserving adequate interfacial bonding of microcapsules. A 

parametric study was carried out to investigate the effect of different parameters such as 

agitation rate, pH, and temperature on the performance of the microcapsules and to determine 

the optimum microencapsulation procedure. The prepared microcapsules were then incorporated 

into self-healing concrete beams. To monitor the healing process of the cracks, micro cracks 

were created by imposing a certain magnitude of displacement in the middle of the beams. The 

healing process of concrete specimens was monitored and quantified using portable ultrasonic 

non-destructive digital indicating tester (PUNDIT). Results showed that lower pH and higher 

agitation rate and curing temperature improve the formation of microcapsule shells. 

Measurements of ultrasonic wave transmission time through the concrete specimens containing 

different contents of microcapsules were analyzed to quantify the healing rate. It was found that 
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the healing rate in concrete beams with 5% microcapsules was higher in the first week in 

comparison with specimen containing 2.5% of microcapsules. - “Evaluation of self-healing 

mechanisms in concrete with double-walled sodium silicate microcapsules.” 

 Using carbonate-producing bacteria was a promising novel technique by  F. Nosouhian 

et al. (2016) for the improvement of concrete characteristics. Durability of concrete in harsh 

environments such as sulfate exposure has been constantly an important issue. The intention 

of the current study was evaluation of durability improvement of concrete containing bacteria 

exposed to sulfate environment. To do so, seven groups of 70-mm concrete prisms were made 

using two different bacterial strains accompanied with mixing water; the effects of sulfate 

solution exposure on durability properties of tested specimens including mass variation, volume 

variation, water absorption, and compressive strength were then determined. Furthermore, seven 

groups of concrete discs with 100 mm diameter and thickness of 50 mm were prepared from 

the aforementioned batches to investigate the chloride permeability of bacterial concrete by 

rapid chloride permeability test (RCPT). The results indicated that bacteria incorporation in 

concrete reduces mass variation, volume variation (in higher ages), and water absorption; it also 

increases the compressive strength of the specimens. The results also showed that the 28-day 

compressive strength of the bacteria- containing concretes is about 20% more than that of the 

control specimens. Moreover, bacterial concrete have lower chloride penetration in comparison 

with the control specimens. - “Concrete durability improvement in a sulfate environment 

using bacteria.” 

 Crack formation and progression under tensile stress was a major weakness of concrete. 

These cracks also make concrete vulnerable to deleterious  environment due to ingress of 

harmful compounds. Crack healing in concrete can be helpful in mitigation of Bacteria Bacillus 

subtilis. Bacteria were introduced in concrete by direct incorporation, and thorough various 

carrier compounds namely light weight aggregate and graphite Nano platelets. In all the 

techniques, calcium lactate was used as an organic precursor. Development and propagation of 

cracks in concrete. This paper published by W. Khaliq et al. (2016), presents the process of crack 

healing phenomenon in concrete by microbial activity of Specimens were made for each mix to 

quantify crack healing and to compare changes in compressive strength of concrete. Results 

showed that bacteria immobilized in graphite nano-platelets gave better results in specimens 

pre-cracked at 3 and 7 days while bacteria immobilized in light weight aggregates were more 

effective in samples pre-cracked at 14 and 28 days. In addition, concrete incorporated with 

bacteria immobilized in light weight aggregate, also exhibited significant enhancement in 
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compressive strength of concrete. - “Crack healing in concrete using various bio-influenced 

self-healing techniques.” 

 One of the most common problems developed in concrete is about cracks. Cracks are 

unavoidable in concrete and make the concrete elements weak. Cracks allow water and other 

salts to seep through them and make the concrete weak and reduce the life of concrete. 

Corrosion of steel due to salts weakens the reinforced concrete in tension as well. So there is 

need to develop the methods for curing the cracks and regaining the strength of concrete 

structures. Currently synthetic polymers can be used to repair the cracks which are harmful to 

environment which lead to develop biological treatment techniques. In this study, a biological 

repair technique was used in which bacteria of 105cells/ml were mixed with concrete to heal the 

cracks. The experiments were carried out to evaluate the effect of Bacillus Subtilis on the 

compressive strength, Tensile strength and Flexural test for 3, 7 and28 days. In addition to above 

technique fly ash was partially added in the place of cement. The fly ash (0, 10 and 30 %) was 

added by weight of cement in concrete mix and experiments were carried out. The experimental 

results show that 10 % fly ash replaced concrete with and without bacteria has more strength 

when compared to conventional concrete and was studied by R. Sri Bhavana, P. Polu Raju and 

S S Asadi in year 2017  

  Influence of bacteria on strength and permeation characteristics concrete incorporating 

silica fume (SF) as a substitution of cement had been investigated. The cement was partially 

substituted with 5, 10 and 15% SF and with constant concentration of bacterial culture, 105 

cfu/mL of water. Cement was substituted with silica fume in concrete by weight. At 28 d, 

nearly 10–12% increase in compressive strength was observed on incorporation of bacteria in 

SF concrete. At 28 d, the compressive strength of concrete increased from 32.9 to 36.5 MPa for 

SF, 34.8 to 38.4 MPa for SF5, 38.7 to 43.0 MPa for SF10 and 36.6 to 40.2 MPa for SF15 on 

addition of bacteria. Water absorption, porosity and capillary water rise reduced in the range of 

42–48%, 52–56% and 54–78%, respectively, in bacterial concrete compared to corresponding 

non-bacterial samples at 28 days. Reduction in chloride permeability of bacterial concrete was 

observed and the total charge passed through bacterial concrete samples reduced by nearly 10% 

compared to nonbacterial concrete samples at 56 d of age. At 28 d, total charge passed through 

concrete reduced from 2525 to 1993 C for SF, 1537 to 1338 C for SF5, 961 to 912 C for SF10 

and 1186 to 1174 C for SF15 on addition of bacteria. Calcite precipitation on addition bacteria 

and confirmed by SEM and XRD analysis was considered as the reason for improvement in 

properties of concrete. Economic study of bacterial SF concrete had also been carried out in the 
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present work. The Benefit/Cost Ratio of bacterial SF concrete got reduced with the increase in 

SF quantity. Compared to control concrete, bacterial SF concrete containing 10% silica fume 

demonstrated highest benefit in improvement in its properties and corresponding highest 

Benefit/Cost Ratio and was studied by Rafat Siddique, Anita Rajor and colleagues in year 2017 

as “Effect of bacteria on strength, permeation characteristics and micro-structure of silica 

fume concrete” 

 

2.2 Summary of literature review 

 
 Based on the above literature study it was found that various work has been conducted in 

regards with comparison between conventional and bacterial concrete. Also some literature 

express the maximum width of cracks healed by the bacterial concrete, some of them 

highlighted the effect on bacterial concrete in various environmental conditions. But no 

literature so far indicate the various dosage of environment exposure in which bacteria can 

functions more efficiently, therefore it needs to be addressed. 
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Chapter 3 

 

Bacterial Conditions & Physical Materials  

 
 

 

3.1 Selection of Bacteria:- 

  
 There are various types of Bacterias that can be used in the concrete such as B. Subtilis, B. 

Pasteurii, B. Cohnii, B. Licheniformis etc. We have selected Bacillus Subtilis since this bacteria 

produces Calcium Carbonate and due to ease of availability from pharmacy department of 

AIKTC, we have used it for our furture investigation. It is also formally known as Hay 

bacillus or grass bacillus, is a Gram-positive, catalane-positive bacterium, found in soil and the 

gastrointestinal tract of ruminants and humans. A member of the genus Bacillus, B. subtilis is 

rod-shaped, and can form a tough, protective endo-spores, allowing it to tolerate extreme 

environmental conditions. B. subtilis has historically been classified as an obligate aerobe, 

though evidence exists that it is a facultative aerobe. B. subtilis is considered the best studied 

Gram-positive bacterium and a model organism to study bacterial chromosome replication and 

cell differentiation. It is one of the bacterial champions in secreted enzyme production and used 

on an industrial scale by biotechnology companies. 

The microphotograph of strains of Bacillus Subtilis is shown in fig. 1 below 
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3.2 Cultivation of Bacteria 

Preparation of bacterial solution 

 

We prepared Nutrient broth solution by addition of Nutrient broth and water. After 

heating the solution it was placed in Autoclave machine for sterilization. Two colonies 

of the bacteria were inoculated into nutrient both of 350 ml in 500ml We added bacteria 

subtilis in the solution with the help of micron loop. Then we placed the solution in 

Incubator at 37
0 

for 3 days to achieve significant growth  

 

 

Fig 3.1: Microphotograph of strains of Bacillus Subtilis 

Fig 3.2: Preparation of broth 
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3.3 Safety Measures for Bacterial Solution:-  

 Bacteria are harmful for the health and it may lead to diseases, therefore precautions must be 

taken. It is compulsory to use gloves while dealing with the bacterial solution. The flask must be 

heated before pouring the bacterial solution. The whole procedure must be done between the two 

candles so that the bacterium doesn’t get contaminated by the interference of the other bacteria’s 

present in the environment.  

Fig 3.4: Placing the solutions in 

Incubator at 37
0
C 

Fig 3.3: Heating the solution  

with help of burner 
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3.4 Material 

 

3.4.1. Cement - Pozzolana Portland cement which is available in local market is used in 

the investigation. The cement used has been tested for various properties as per IS: 1489 

(part 1) 1991 having specific gravity 2.90. 

 

 

 

 

3.4.2. Sand - In our investigation we had used the Gujarat sand confirming the zone III 

according to IS- 383.Specific gravity of sand was found out to be 2.60. 

 

 

Fig 3.6: Sand 

Fig 3.5: Cement 
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3.4.3 Cube Moulds - The cube Moulds (70.6 x 70.6 x 70.6 mm) was placed in position 

on an even surface. All the interior faces and sides were coated with mud oil to prevent 

the sticking of concrete to the Moulds. 

 

 

 

Fig 3.7: Moulds 
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Chapter 4 

Experimental Methods & Test 

 

 

4.1 Preparation of mortar mix cubes and sample labeling 

 

Cement mortar cubes were prepared by taking Cement-Sand ratio as 1:3. The 

Water-Cement ratio was taken as 0.45 with the help of IS Code 2250. Totally 66 

cube samples were prepared, viz. 33 convectional cement mortar cubes and 33 

Bacterial cement mortar cubes. 

 

4.2 Methods of mixing bacterial solution into cement mortar: 

 

There are different methods of mixing the bacterial solution in the concrete which are viz. 

(a) Direct Mixing  

(b) Indirect Mixing  

(c) Injection methods 

 

We have used Direct Method of mixing bacteria into the cement mortar. In our 

investigation we have adopted the direct method in which, firstly the measuring jars were 

sterilized in oven for a temperature of about for 5 min. After 5 min once it gets slightly 
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cooled, the bacterial solution is poured form the flask in the measuring jar. The flask is firstly 

heated under the candle before pouring it into the jar, so that the bacterium doesn’t get 

contaminated by the other bacteria’s present in the environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.2: Direct mixing of bacterial solution in cement mix 

Fig 4.1: Direct mixing 
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4.3 Casting of cubes 

 

Once the mortar cubes are completely mixed, they are poured in moulds. Compaction is done 

by the mortar cube vibrator machine. Mortar cubes were removed from the Moulds after 24 

hours and they were put into the curing tank in different environments. 

 

 

 

Fig 4.3: Cement mortar cubes Fig 4.4: Vibratory machine 
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4.4 Curing  

 

Curing has been done in three different environments for 14 days, viz.  

Normal water, Sulphate environment (Magnesium Sulphate MgSO4) and Chloride environment 

(Magnesium Chloride MgCl2) with different dosages 

 

MgSO4 5.0 g/L 7.5 g/L 10.0 g/L 12.5 g/L 15.0 g/L 

MgCl2 5.0 g/L 7.5 g/L 10.0 g/L 12.5 g/L 15.0 g/L 

 

  

 

 

  

Fig 4.6: Curing of cubes in MgSO4 

Fig 4.5: Curing of cubes in normal 

water 

Fig 4.7: Curing of cubes in MgCl2 
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Chapter 5 

 

Experimental test on bacterial mortar 

 

 Various tests are performed on bacterial cement mortar in order to get the results in various 

forms. These experimental methods are summarized below. 

 

5.1 Mass Variation Test 

 

Mass changes could be an indicator determining the durability of hardened concrete in harsh 

environments such as Sulphate and Chloride exposure. Leaching and Sulphate penetrations are 

among reasons that cause mass changes of concrete in sulphate environment. Leaching actually 

generates loss of mass while the sulphate penetration causes mass increase.  

 

After determination of dry weigh of the specimens at the ages 14 days mass variations of 

immersed specimens were calculate using the following formula.  

Mass variation (%)  =  m2 – m1  X 100 

                      m1 
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5.2 Scanning Electron Microscope (SEM) 

 

The Morphology and mineralogical composition of the deposited calcium carbonate 

crystals were investigated using scanning electron microscope (SEM). SEM micrographs were 

obtained using a jell JSM 5600 LV model Philips XL 30 attached with EDX unit, with 

accelerating voltage 30K.V., magnification 10x up to 400000x and resolution for W.(3.5 nm). 

Samples surface were first coated with carbon then with gold.  

 

 

 

 

Fig 5.1 : SEM 
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5.3 Ultrasonic Pulse Velocity Test (UPVT) 

This method consists of producing an ultrasonic longitudinal pulse by an electro acoustical 

transducer which is held in contact with one surface of the freshly placed concrete member 

under test. After traversing a known distance in the concrete, the pulse to be measured from 

which the pulse velocity timing circuit enables the transit time of the pulse to be measured from 

which the pulse velocity is calculated. This procedure is called the “Ultrasonic method.”  

Ultrasonic pulse velocity test is generally carried out to determine the presence of voids in the 

internal structure of concrete by means of passing the ultrasonic rays through the body on 

mortar and also to know the denseness of the concrete structure All the respective bacterial 

mortar and Conventional mortar samples with the environmental dosage (sulphate and chloride) 

viz. 5 g/l, 7.5 g/l, 10 g/l, 12.5 g/l and 15 g/l were tested at IIT Bombay. 

5.4 Compressive strength test 

  The mortar samples were removed from the tank after their respective days of curing. The 

cubes were allowed to dry under the Laboratory condition. Once the cube were completely 

dried, placed under the compressive testing machine with an intention to get the compressive 

strength of mortar samples. The entire sample specimen tested under compressive testing 

machine. 

After removing the specimen from water over specified curing time and wiped out excess 

water from the surface. Clean out the bearing surface of the testing machine. The various sample 

specimens were placed one after another in the machine in such a manner that the load shall be 

applied to the opposite sides of the cube cast. The specimen centrally aligned on the base plate of 

the machine. The load gradually applied without shock and continuously at the rate of 5.2 KN/sec 

till the specimen fails. The maximum load recorded and any unusual features in the type of 

failure noted down. Mortar cubes placed in the CTM machine before crushing and after crushing 

shown in fig below. Readings of each bacterial mortar sample placed in different curing 

environments viz. Conventional, Sulphate and Chloride were taken after 14 days of curing.  
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Fig 5.2: Compressive Strength Testing 

Fig 5.3: Reading on compressive testing machine 
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Fig 5.4: Sample after testing in compressive testing machine 

IR@AIKTC aiktcdspace.org



Microbially Induced Self-Healing Bacterial Cement Mortar 2018 

 

DEPARTMENT OF CIVIL ENGINEERING 33 
 

 

 

 

 

Chapter 6 

Experimental Results and Discussion  

 

Various tests were conducted to know the characteristics of the concrete cube. The test 

was conducted to investigate the optimum dosage of the sulphate and chloride solution under 

which the cube attains its maximum strength. 

 

6.1 Compressive Strength:- 

  
 Compressive strength of concrete cube was carried out after curing period of 14 days. The 

results so obtained are tabulated below with their respective graph. 
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Dosage of 

MgSO4 

Compressive strength of mortar after 14 days (MPa) 

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

5 g/l 40.0 34.6 34.3 37.5 38.5 

7.5 g/l 31.7 34.6 39.3 34.3 34.9 

10 g/l 34.5 38.2 32.5 34.6 35.1 

12.5 g/l 33.8 35.1 31.9 32.8 33.4 

15 g/l 29.5 31.8 31.9 30.9 31.2 

Dosage of 

MgCl2 

Compressive strength of mortar after 14 days (MPa) 

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

5 g/l 45.7 45.9 44.8 44.1 45.7 

7.5 g/l 45.9 47.9 46.1 43.5 44.9 

10 g/l 44.1 39.8 40.1 35.4 39.5 

12.5 g/l 47.4 43.7 49.4 47.9 46.9 

15 g/l 45.9 39.6 44.3 43.2 44.5 

Table 6.2: Bacterial mortar (Chloride environment) 
 

Table 6.1: Bacterial mortar (Sulphate environment) 
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Dosage of 

MgCl2 

Compressive strength of  mortar after 14 days (MPa) 

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

5 g/l 39.8 46.0 46.5 44.2 45.8 

7.5 g/l 42.7 39.1 39.4 40.5 41.2 

10 g/l 46.4 46.7 39.4 40.1 45.2 

12.5 g/l 40.7 37.9 53.3 47.1 45.6 

15 g/l 50.4 51.2 43.2 40.2 44.9 

Table 6.3: Convectional mortar (Sulphate environment) 
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Curing 

Envn. 

Compressive strength of mortar after 14 days (MPa) 

Type of 

mortar 
1 2 3 4 5 

Normal  

water 

Convectional 45.9 49.3 48.6 49.5 50.2 

Bacterial 49.9 52.5 49.6 48.7 51.9 
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sample
1
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2
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4
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5

 

Dosage of 

MgCl2 

Compressive strength of mortar after 14 days (MPa) 

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

5 g/l 41.9 49.3 47.5 48.6 48.9 

7.5 g/l 39.2 46.1 44.3 43.9 40.5 

10 g/l 40.9 42.3 41.9 38.7 45.2 

12.5 g/l 37.3 39.7 42.1 39.2 38.6 

15 g/l 39.6 43.5 36.9 37.7 40.6 

Table 6.4: Convectional mortar (Chloride environment) 

Table 6.5: Convectional and Bacterial mortar in normal water 
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6.2 Ultrasonic Pulse Velocity 

  
 Ultra sonic pulse velocity test was carried out to know the presence of voids in the internal 

structure of the concrete cubes. The results so obtained after conducting the test are tabulated 

below. 

 

 

No. 
Property of 

mortar 

RCC 

Member 

Prob. 

Distance 

(mm) 

Time 

Micro 

(sec) 

Velocity 

(Km/sec) 
Probing 

Method 

1 CONVECTIONAL MORTAR 

a) Sulphate solution 

 5 g/l Cube 70 17.99 3.90 Direct 

 7.5 g/l Cube 70 18.8 3.72 Direct 

 10 g/l Cube 70 19.9 3.51 Direct 

 12.5 g/l Cube 70 18.8 3.72 Direct 

 15 g/l Cube 70 19 3.69 Direct 

b) Chloride solution 

 5 g/l Cube 70 18.1 3.87 Direct 

 7.5 g/l Cube 70 19.2 3.65 Direct 

 10 g/l Cube 70 19.1 3.67 Direct 

 12.5 g/l Cube 70 19.9 3.52 Direct 

 15 g/l Cube 70 21.1 3.31 Direct 

2 BACTERIAL MORTAR 

a) Sulphate solution 

 5 g/l Cube 70 18.7 3.75 Direct 

 7.5 g/l Cube 70 20.3 3.45 Direct 

 10 g/l Cube 70 19.1 3.66 Direct 

 12.5 g/l Cube 70 18.0 3.91 Direct 

 15 g/l Cube 70 18.1 3.87 Direct 

b) Chloride solution 

 5 g/l Cube 70 18.5 3.79 Direct 

 7.5 g/l Cube 70 19.1 3.67 Direct 

 10 g/l Cube 70 17.9 3.90 Direct 

 12.5 g/l Cube 70 18.6 3.77 Direct 

 15 g/l Cube 70 19.5 3.59 Direct 

TABLE 6.6 Ultrasonic Pulse Velocity 
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3 Normal Water 

a) 
Convectional 

mortar 
Cube 70 17.7 3.95 Direct 

b) 
Bacterial 

mortar 
Cube 70 17.6 3.97 Direct 

 

  

6.3 Mass Volume Percentage 

 

The mortar samples were weighed before and after curing. The readings in 

the variations in their mass are summarized in the following table. 

 

 

 

 

Sr. 

No 
CONVECTIONAL MORTAR BACTERIAL MORTAR 

 
m2 (g) m1 (g) 

Mass 

variation % 
m2 (g) m1 (g) 

Mass 

variation % 

1 791 782 1.1378 805 794 1.3664 

2 796 785 1.3819 814 797 2.0884 

3 799 787 1.5018 809 795 1.7305 

4 800 791 1.125 817 805 1.4687 

5 805 794 1.3664 812 794 2.2167 

6 803 788 1.8679 818 801 2.0782 

7 804 792 1.4925 819 802 2.0757 

8 797 781 2.0075 819 800 2.3199 

9 810 795 1.8518 821 802 2.3145 

10 807 794 1.6109 817 800 2.0807 

11 798 779 2.3804 819 798 2.5641 

12 798 782 2.0050 813 793 2.4600 

13 797 784 1.6311 814 799 1.8427 

14 803 788 0.6030 814 801 1.5970 

15 791 792 1.3698 817 803 1.7135 

16 800 780 1.3906 810 794 1.9153 

17 805 794 0.7500 819 809 1.2210 

18 798 798 0.8695 827 814 1.5719 

19 813 786 1.5037 815 802 1.5950 

20 813 794 2.3370 825 804 2.5454 

21 803 791 1.4943 819 803 1.9536 

Table 6.7: Mass Variation 
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22 808 799 1.1113 822 812 1.2166 

23 809 794 1.8541 827 808 2.2974 

24 807 795 1.6109 818 802 1.9559 

25 801 790 1.3732 823 804 2.3086 

26 800 784 2.0000 818 799 2.3227 
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Chapter 7 

 

 

Conclusion 

 

 
Compressive strength of bacteria –containing mortar in sulphate and chloride 

environment was experimentally investigated in the current study. Moreover 

UPVT results and SEM examination microphotographs are provided. Based on 

the experimental results and testing of the present study considering used dosage 

of suphate and chloride solution, following conclusions can be drawn: 

 

1. Bacterial cement mortar is found to be superior to that of conventional 

cement mortar in aspect of compressive strength in normal environment 

conditions. 

2. Among the different dosages of sulphate and chloride solution in which 

bacterial cement mortar is cured at the age of 14 days, its shows that 

bacterial concrete provide maximum compressive strength of 36.98 

Mpa in 5g/lit of sulphate solution and 47.06 MPa in 12.5g/lit of chloride 

solution. 

3. Overall comparison in between Bacterial cement mortar and 

conventional cement mortar, conventional cement mortar is dominating 

in these two severe exposure environment i.e Sulphate and Chloride. 
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4. Ultrasonic pulse velocity test results also shows that the quality and 

uniformity of the cubes are also good. 

5. The Behavior of the bacteria (B.subtilis) in normal environment is quite 

efficient as compared to severe exposure environment  

6. It seems that incorpating calcium precipating bacteria in cement mortar 

with different dosage of severe environment solution i.e. (sulphate and 

chloride) is not capable of improving mortar durability as compared to 

normal conventional cement mortar as it makes the mortar denser and 

hence less permeable microstructure that leads to improvement of 

durability features of concrete 
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