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Autonomous healing by the microbially induced calcite precip-

the sustainable approach to concrete repair and maintenance. 

Previous research works have reported that 

and  are the most commonly used in concrete 

associated with bacteria. However, there is limited information on 

other types of bacteria species. In this study, the vegetative cells 

of  were introduced and encapsu-

lated into alginate-hydrogel before incorporation into the mortar. 

The urease activity, viability, swelling, and water retention prop-

erties of the bacterial  cell encap-

sulated in alginate-hydrogel were measured. The performance of  

alginate-encapsulated  (AE-GS) 

in the mortar mixture as a self-healing agent was measured by 

-

ciency. The precipitation of calcium carbonate of the AE-GS mortar 

was measured using thermogravimetric analysis (TGA). The 

highest level of crack healing was 63% (by the initial crack width) 

which was achieved by incorporating 15% AE-GS (replacement by 

total weight of the mortar). However, the lower result of compres-

sive strength and the highest absorption rate were portrayed by 

the mortar specimens that contained 15% of AE-GS replacement 

compared with the control mortar (AE-R) and with those of AE-GS 

replacement level at 3 and 9%.
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RESEARCH SIGNIFICANCE

Geobacillus stearothermophilus -

-

using Geobacillus stearothermophilus

MATERIALS AND METHODS
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Swelling and water retention properties of AE-GS
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DETERMINATION OF MORTAR MIXTURE 

PROPORTION AND CASTING PROCESS

-

Compressive strength

Table 1—Mixture proportions of mortar with AE-GS

  Mortar

O, mL

Sodium 

alginate, g lactate, mL

Urea, 

mL mL Sand, kg

9

9

9
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Water absorption
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Healing efficiency
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Thermogravimetric analysis (TGA)

RESULTS AND DISCUSSIONS

Quanti"cation of urease activity by AE-GS in free 

cells state and after being encapsulated

-

Geobacillus stearothermophilus

-

Geobacillus stearothermophilus

-

respectively, in comparison to free live cells of -

 toward the alginate-encapsulated 

 (AE-GS).
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Viability of AE-GS in mimicked mortar environment

Geobacillus stearother-

mophilus

 

 cfu/mL. On 

 cfu/mL was 

 cfu/mL.

Swelling and water retention properties of AE-GS

-

Geobacillus stearothermophilus in cement 

Geobacillus stearothermo-

philus

-

Geobacillus stearothermophilus immersed 

-

Geobacillus stearothermophilus

-

-

-

-

-

Geobacillus stearothermophilus -

 in 

Fig. 3—Swelling test results of AE-GS immersed in water 

and cement slurry.
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-

 

cement ratio.

Compressive strength

-

-

-

 cfu/mL of 

Geobacillus stearothermophilus

 cfu/mL cell concen-

Water absorption

 

Healing efficiency

-

Fig. 5—Compressive strength of mortar cubes.

Fig. 6—Water absorption of mortar cubes.

crack width.
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-

-

TGA

 

 

CONCLUSIONS

Geobacillus stearothermophilus 

-

Geobacillus stearother-

mophilus

-

 (specimen in series AE-GS 5). Fig. 10—SEM micrographs showing calcium carbonate 

(CaCO3
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