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Abstract 

Cracks in concrete are inevitable and are one of the inherent weaknesses of concrete. Water and other salt seep through these 

crack corrosion initiates, and thus reduces the life of concrete. So there was a need to develop an inherent biomaterial, a self-

repairing material which a remediate the cracks and fissures in concrete. Bacterial concrete is a material, which can successfully 

remediate cracks in concrete. This technique is desirable because the material precipitation induced as a result of microbial 

activities is pollution free and natural. As the cell wall  of bacteria is anionic metal accumulation (calcite) on the surface of the 

wall  is substantial, thus the entire cell becomes crystalline and they eventually plug the pores discusses the plugging of 

artificially made cuts in cement mortar which was cured in urea and CaCl2 medium. The effect on compressive strength and 

stiffness of the cement mortar cubes due to the mixing of bacteria is also discussed in this paper. It was found that use of bacteria 

improves the stiffness and compressive strength of concrete. Scanning electron microscope is used to document the role of 

bacteria in microbiologically induced mineral precipitation. Rod like impressions where found on the face of calcite crystal 

indicating the presence of bacteria in those places. Energy dispersive X-ray spectra of the microbial precipitation on the surface 

of the crack indicated the abundance of calcium and the precipitation was inferred to be calcite (CaCO3).  

Keywords: Bacterium, Anaerobic 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

 
Humans have the ability to precipitate minerals in the form of bones and teeth continuously. This ability is not only confined 

to human beings; even Bacillus Pasteruii, a common soil bacterium, can continuously precipitate calcite . This phenomenon is 



Bacterial Concrete  
(IJSTE/ Volume 3 / Issue 09 / 132) 

 

 All rights reserved by www.ijste.org 
 

650 

called microbiologically induced calcite precipitation. Under favorable conditions Bacillus Pasteruii when used in concrete can 

continuously precipitate a new highly impermeable calcite layer over the surface of the already existing concrete layer. Calcite 

has a coarse crystalline structure that readily adheres to surfaces in the form of scales. In addition to the ability to continuously 

grow upon itself it is highly insoluble in water. Due to its inherent ability to precipitate calcite continuously bacterial concrete 

can be called as a “Smart Bio Material”. Cracks in concrete significantly influence the durability characteristics of the structure. 

The bacterial remediation technique can be used for repairing structures of historical importance to preserve the aesthetics 

value, as conventional technique, such as epoxy injection cannot be used to remediate cracks in those structures. In natural 

environments, chemical CaCO3 precipitation (Ca2++ CO32-→ CaCO3↓) is accompanied by biological processes, both of which 

often occur simultaneously or sequentially. This microbiologically induced calcium carbonate precipitation (MICCP) comprises 

of a series of complex biochemical reactions. As part of metabolism, B. pasteurii produces urease, which catalyzes urea to 

produce CO2 and ammonia, resulting in an increase of pH in the surroundings where ions Ca2+ and CO32- precipitate as 

CaCO3. Possible biochemical reactions in medium to precipitate CaCO3 at the cell surface that provides a nucleation site can be 

summarized as follows. 

Ca2+ + Cell → Cell-Ca2+ . . . . (1) 

Cl- + HCO3- + NH3 → NH4Cl + CO32-(2) 

Cell-Ca2+ + CO32- → Cell-CaCO3↓ . . .(3) 

Earlier it was reported that sand consolidation by B. pasteurii reduced porosity by up to 50% and permeability 

by up to 90% in the areas where the cementation took place . Microbial calcite plugging was selective and its efficiency was 

affected by the porosity of the medium, the number of cells present and the total volume of nutrient added. The sand column 

loaded with bacteria was so tightly plugged that the column was fractured with a mechanical knife for examining. In a study 

conducted by Zhong and Islam, an average crack width of 2.7 mm and a mixture of silica fume (10%) and sand (90%) showed 

the highest compressive strength in the microbial remediation of granite. Concrete crack remediation by microorganisms was 

significantly different from that of granite remediation, mainly due to the fact that concrete maintained high levels of pH. An 

extreme alkaline environment of pH around 12 is the major hindering factor for growth of B. pasteurii, whose optimum pH for 

growth is around 9. However, B. pasteurii has the ability to produce endospores to endure an extreme environment 

II. PREPARATION 

The bacterium used is water grown hot spring bacterium that has some unique requirement of oxidizing agent and in the Semi 

synthetic media, iron (0.1 M) was used in +III state, which accepts  electron and itself goes to +II state. Final media was prepared 

by mixing  object 1 and object 2 in 1:9 ratios and pH was kept at 7.5. object 1 contains iron in +III state as FeO(OH) and object 2 

contained sodium dihydrogen phosphate (0.6 g/1000 ml), potassium chloride (0.33 g/1000 ml), sodium carbonate (2.5g/1000 

ml), yeast extract (0.02%) and peptone (0.5%).  

 Media 1 Composition: 

FeCl3 +3 NaOH → Fe(OH)3 + 3 NaCl 

FeCl3 +3 NaOH → FeO(OH) + H2O + NaOH 

III. GROWTH CONDITION 

The bacteria being anaerobic, was grown in sealed gas-pressure vials (100 ml of the vial contains 30 ml growth medium). Air 

content in the sealed vial was replaced totally by carbon dioxide using syringe-needle  system before inoculation of bacterial 

culture as described earlier. The inoculated cultures were kept in incubation at 65°C for 6 to 8 days. 

IV. PREPARATION OF STANDARD CURVE 

The increase in the cell size and cell mass during the development of an organism is termed as growth. It is the unique 

characteristics of all organisms. The organism must require certain basic parameters for their energy generation and cellular 

biosynthesis. The growth of the organism is affected by both physical and Nutritional factors. The physical factors include the 

pH, temperature, Osmotic pressure, Hydrostatic pressure, and Moisture content of the medium in which the organism is growing. 

The nutritional factors include the amount of Carbon, nitrogen, Sulphur, phosphorous, and other trace elements provided in the 

growth medium. Bacteria are unicellular (single cell) organisms. When the bacteria reach a certain size, they divide by binary 

fission, in which the one cell divides into two, two into four and continue the process in a geometric fashion. The bacterium is 

then known to be in an actively growing phase. To study the bacterial growth population, the viable cells of the bacterium should 

be inoculated on to the sterile broth and incubated under optimal growth conditions. The bacterium starts utilising the 

components of the media and it will increase in its size and cellular mass. The dynamics of the bacterial growth can be studied by 

plotting the cell growth (absorbance) versus the incubation time or log of cell number versus time. The curve thus obtained is a 

sigmoid curve and is known as a standard growth curve. The increase in the cell mass of the organism is measured by using the 

Spectrophotometer. The Spectrophotometer measures the turbidity or Optical density which is the measure of the amount of light 

absorbed by a bacterial suspension. The degree of turbidity in the broth culture is directly related to the number of 
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microorganism present, either viable or dead cells, and is a convenient and rapid method of measuring cell growth rate of an 

organism. Thus the increasing the turbidity of the broth medium indicates increase of the microbial cell mass (Fig 1) .The 

amount of transmitted light through turbid broth decreases with subsequent increase in the absorbance value. 

V. CONCRETE COMPATIBILITY OF BACTERIA AND ORGANIC SUBSTRATES 

A series of tests were performed in order to investigate whether the incorporation of bacteria or organic substrates (needed for 

bacterial calcium carbonate formation) in the concrete matrix do not negatively affect strength characteristics. Therefore concrete 

bars with and without (control) bacteria or organic substrates were prepared for flexural tensile- and compressive strength 

determination. For the preparation of bacterial concrete,  grown in DSMZ-2 medium, was obtained and total cell number was 

quantified by microscopy using a  Burger-Turk counting chamber. Cells were harvested after a double washing step by 

centrifugation (20 min x 10000g)  and suspension of the cell pellet in tap water. The washed cells were finally suspended in a 20-

ml aliquot of tap water which was used as part of the needed make up water for concrete bar preparation. The quantity of the 

tested organic compounds was 0.5% of cement weight. The individual organic compounds (Na-aspartate, Na-glutamate, Na-poly 

acrylate, Na-gluconate, Na-citric acid and Na-ascorbic acid) were firstly dissolved in the needed make up water, prior to concrete 

bar preparation. Bacterial-, organic compound- and control sets of concrete bars for flexural tensile- and compressive strength 

testing were prepared. Each set consisted of three replicate bars (dimensions 16 x 4 x 4 cm) made from ordinary portland cement 

(ENCI CEMI 32.5R), make up water and aggregates. Aggregate (gravel and sand) composition and quantities of used 

components are listed in Table 1. The concrete bars were uncased after an initial curing period of 24 hours and were 

subsequently further cured in tap water-filled separate plastic containers at room temperature. The sets of three replicate bars 

were tested for flexural tensile- and compressive strength after 28 days curing, following the procedure according to EN 196-1 

Standard Norm.  
Table – 1 

Cement, water and aggregate composition needed for the production of 3 concrete bars of dimensions 16 x 4 x 4 cm used for flexural tensile- 

and compressive strength characterization of bacterial-, organic compound-, and control (no bacteria added) concrete 

Compound: Weight (g): 

Cement (ENCI CEMI 32.5) 390 

Water 195 

Organics (see text) 19.5 

Aggregate (gravel and sand):  

4 - 8 mm 562 

2 - 4 mm 378 

1 - 2 mm 283 

0.5 - 1 mm 283 

0.25 - 0.5 mm 243 

0.125 - 0.25 mm 132 

VI. STRENGTH CHARACTERISTICS OF BACTERIAL-, ORGANIC COMPOUND- AND CONTROL CONCRETE 

Concrete bars made for flexural tensile- and compressive strength testing contained 109 cm-3 S.pasteurii cells (bacterial concrete) 

or 19.5 g (0.5% of cement weight) organic carbon compounds. No additions were made to control concrete bars. After 28 days 

curing, no significant difference was found in flexural tensile- and compressive strength between control-, bacterial- and amino 

acid (aspartic acid and glutamic acid)-containing concrete bars (Table 2). Concrete to which poly acrylic acid and citric acid was 

added suffered significant strength loss, while gluconate- and ascobic acid amended concrete did not develop any strength during 

a 28 days curing period.  
Table – 2 

Flexural tensile- and compressive strength characteristics of control-, bacteria-, and organic carbon amended concrete bars after a 28 days 

curing period 

Type of concrete: Tensile strength (N/mm2): Compressive strength (N/mm2): 

Control 7.78 ± 0.38 31.92 ± 1.98 

S. pasteurii 7.45 ± 0.45 34.78 ± 1.52 

Na-aspartate 7.33 ± 0.37 33.69 ± 1.89 

Na-glutamate 7.16 ± 0.19 28.52 ± 3.56 

Na-polyacrylate 6.42 ± 0.47 20.53 ± 4.50 

Na-citrate 3.48 ± 1.72 12.68 ± 1.82 

Na-gluconate 0 0 

Na-ascorbate 0 0 
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VII. CULTIVATION OF ALKALIPHILIC SPORE-FORMING BACTERIA  

The four selected species of alkali-resistant strains grew well in rich (yeast extract and peptone amended) medium. However, 

spore formation appeared much better in mineral medium with             

Na-citrate as growth substrate (Figure 1).  

 
Fig. 1: Spore formation by Bacillus cohnii grown in mineral medium with sodium citrate as growth substrate. Bright dots are spores formed by 

the vegetative cells (dark rods) 

VIII. BIOMINERAL PRODUCTION BY BACTERIAL CONCRETE 

Cement stone samples with immobilized B.pseudofirmus spores produced copious amounts of mineral crystals on its medium-

exposed surface as was revealed by ESEM analysis (Figure 2). No crystal formation was observed on control samples which 

were incubated under identical conditions in peptone- and yeast extract-containing medium.  

 
Fig. 2: Copious formation of minerals on the surface of cement stone with B. pseudofirmus-immobilized spores 

IX. DISCUSSION AND CONCLUSIONS 

The main objective of this study was to investigate whether bacteria can potentially act as a self-healing agent in concrete. The 

bacteria tested are known to be alkali-resistant, i.e. they grow in natural environments characterized by a relatively high pH (10-

11). In addition, these strains can produce spores which are resting cells with sturdy cell walls that protect them against extreme 

environmental mechanical- and chemical stresses (Schlegel 1993). Therefore these specific bacteria may have the potential to 

resist the high internal concrete pH values (12-13 for portland cement-based concrete), and remain viable for a long time as well, 

as spore viability for up to 200 years is documented (Schlegel 1993). We hypothesized that concrete-immobilized spores of such 

bacteria may be able to seal cracks by bio-mineral formation after being revived by water and growth nutrients entering freshly 

formed cracks. The experimental data presented support our hypothesis, as cement stone samples with immobilized bacteria but 

not control samples precipitated minerals on surfaces exposed to growth medium. Although the exact nature of the produced 

minerals still needs to be clarified, they appear morphologically related to calcite precipitates. The mechanism of bacterially-

mediated calcite production likely proceeds via organic carbon respiration with oxygen what results in carbonate ion production 

under alkaline conditions. The produced carbonate ions which can locally reach high concentrations at bacterially active 'hot 
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spots' precipitate with excess calcium ions leaking out of the concrete matrix. This microbial calcium carbonate precipitation 

mechanism is well studied and occurs  

worldwide in natural systems such as oceans, bio-films, microbial mats and stromatolites (Krumbein etal 1977; Riding 2000; 

Arp et al 2001; Ludwig et al 2005). For an autonomous self-healing mechanism all needed reaction components, or self-healing 

agents, must be present in the material matrix to ensure minimal externally needed triggers. In the biomineral precipitation 

experiment, however, the organic substrate needed for bacterial carbonate ion production was still supplied as part of the 

incubation . As it should ideally also be part of the concrete matrix we tested the compatibility of bacteria as well as different 

organic components, which can act as bacterial growth substrates. The obtained flexural tensile- and compressive strength data 

indicate that the incorporation of high numbers of bacteria (109 cells cm-3) and the amino acids aspartate and glutamate (0.5% of 

cement weight) in the concrete matrix, do not result in a significant loss of strength after a 28 days curing period. However, the 

same experiment also revealed that apparently only specific organic components are suitable for incorporation, as some others 

resulted in dramatic strength loss. Another aspect that was not considered in this study but what is of major importance for the 

long term self-healing potential of bacterial concrete is the long term viability of concrete-immobilized bacterial spores. As most 

concrete structures are build to last for 50 years or more the viability of immobilized spores should keep up with that. One 

advantage of application of bacteria as self-healing agent is that a healing event not only revives bacterial cells but also 

potentially results in the production of fresh spores what resets the viability status. To conclude we can state that the application 

of bacteria as a self-healing agent in concrete appears  promising. We have demonstrated that concrete-immobilized bacterial 

spores revive and produce copious minerals after stimulation by suitable medium, i.e. water containing an organic growth 

substrate. To further improve the autonomous bacterial self-healing mechanism current   research focuses on long term viability 

and selection of best adapted bacterial species to the concrete environment as well as the incorporation of compatible bio-

mineral-producing organic substrates to the concrete matrix. 
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