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Abstract. This paper examines how feasible it is to utilize microbial induced calcium carbonate 
precipitation (MICP) occasioned by Bacillus pasteurii (B. pasteurii) to fill pores and cracks within 
mortar and thus increase the strength and consequent durability of mortar. In this study, different 
mortars were prepared with a fixed water-cement ratio of 0.4 and addition of the B. pasteurii 
bacteria, urea and various contents of calcium nitrate, and their 3, 7, 14 and 28-day compressive 
strengths were measured for comparative analysis. The test results showed that the strengths of the 
mortars indeed significantly increased due to the effect of MICP. The results preliminarily prove the 
effect of MICP that fills pores in the mortars and thus increases their strengths; and also 
demonstrate that the bacteria can have the reaction of MICP using the calcium hydroxide generated 
from cement hydration in the mortars as a calcium source. 

Introduction 

Generation of pores and micro-cracks is inevitable within concrete. The appearance of 
continuous pores and micro-cracks etc. can accelerate infiltration of moisture or harmful substances 
into concrete and thus diminish its durability and strength. Many researchers have already sought to 
improve this by adding pharmaceutical agents; however, the chemical substances and ingredients in 
these additives are mostly not environmentally friendly. In the age of environmentalism, how to 
utilize the existing microbial technology in the nature to enable self-healing of concrete for 
self-repair has become a hot research topic [1-4]. 

Microbial mineralization is the process by which microorganisms produce ammonium and 
carbonate ions through their metabolism that breaks down urea. When these carbonate ions react 
with external calcium ions, calcium carbonate precipitation occurs. This is called microbial induced 
calcium carbonate precipitation (MICP). There are now already large numbers of papers and studies 
that have sought to fix cracks within concrete and enhance loading strength of soil based on this 
theory [3-6]. 

In this study, the B. pasteurii bacteria were mixed into mortars to see whether the MICP 
occasioned by them can generate calcium carbonate precipitation that fills cracks within the mortars 
and thus increases their strengths. 
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Test Program 

The water-cement ratio for mortars was fixed at 0.4. Group A was the control group, with 
typical mortars. In Group B, merely a liquid bacterial culture and a reagent solution were added to 
each mortar. In Group C, the same liquid bacterial culture and reagent solution in equal amounts 
plus a calcium source were added to each mortar. In Group D, the same liquid bacterial culture and 
reagent solution in equal amount plus the same calcium source in the doubled amount were added to 
each mortar. Addition of the calcium source was for the purpose of understanding how it might 
accelerate the reaction of MICP. Calcium nitrite (Ca(NO3)2) was selected as the calcium source. The 
ingredient ratios in the different mortars are shown in Table 1. The mortars were solidified into 5cm 
× 5cm × 5cm specimens for measurement of their 3, 7, 14 and 28-day compressive strengths. As the 
B. pasteurii bacteria were cultured in a liquid medium, the added liquid bacterial cultures were 
counted as part of the mixing water to prevent their addition from altering the fixed water-cement 
ratio for the mortars. 

Table 1 Proportions of mortar (kg/m3) 

W/C type Send Cement Water Urea Ca(NO3)2 B.P. 

0.4 

0.4-A 1284 683 273  0.0 0.0  0.0  
0.4-B 1284 683 265  17.5  0.000  8.5  
0.4-C 1284 683 250  17.5  46.8   8.5  
0.4-D 1284 683 236  17.5  93.7  8.5  

Analysis and Discussion  

The 3, 7, 14 and 28-day compressive strengths of the mortars are shown in Fig. 1, which 
reveals that the strengths of the mortars increase as the curing times increase. Differences between 
the specimens in the experimental groups, 0.4-B, 0.4-C and 0.4-D, and the control group 0.4-A are 
in the range of 58%~113%, as shown in Table 2. Except that the compressive strengths in Group B 
were higher than those in the control group, the remaining compressive strengths did not increase 
but declined. The 28 days curing strength in Group C with addition of the calcium source were 
conversely 2% lower than those in the control group probably due to the effect of calcium nitrite. 
Particularly in Group D, addition of excessive calcium nitrite caused the strengths to be 
significantly lower at merely 58%~81% of those in the control group. 
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Figure 1 Compressive strengths in various curing days 

Table 2 Compressive strength ratios in various mortars 

curing days 3day 7day 14day 28day 
0.4-B/0.4-A 100% 110% 113% 113% 
0.4-C/0.4-A 103% 105% 108% 98% 
0.4-D/0.4-A 58% 69% 81% 73% 

 

Test results from Groups C and D show that addition of calcium nitrite as a calcium source is 
counterproductive to MICP in the mortars. The fact that the compressive strengths in Group B are 
higher than those in Groups A, C and D. The result preliminarily proves that the calcium hydroxide 
generated from cement hydration in the mortars is sufficient to be a calcium source for the reaction 
of MICP to enhance the strengths of the mortars. 

As the water-cement ratio of 0.4 is a low ratio, which leads to generation of fewer pores within 
the specimens, this enables MICP to fill these pores (case in Groups A). However, the relative small 
amounts of water used in the mortars lead to a high consistency of cement paste. Then, the rapid 
MICP in the case of adding the calcium source in excessive amounts (case in Groups D) leads to the 
formation of large amounts of calcium carbonate. The phenomenon of rapid concreting occurred 
and it was impossible compacted the specimens effectively, resulting in weaker phase in mortars 
and hence lower compressive strength values. 
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Conclusions 

In this study, the B. pasteurii bacteria were directly mixed into mortars. Based on the results of 
compressive strengths of mortars at different curing ages, the effect of MICP occasioned by the B. 
pasteurii bacteria was observed. By summing up the findings, the following conclusions are drawn: 
1. MICP occasioned by the B. pasteurii bacteria indeed can produce the effect of filling internal 

pores and thus increasing the compressive strengths of the mortars. When the water-cement 
ratio is 0.4, the compressive strengths of 28 days curing mortars are about 13% higher than 
those of control group. 

2. When excessive amounts of Calcium nitrite are added as the calcium source, rapid MICP may 
occur and lead to the formation of large amounts of calcium carbonate within very short 
periods of time. This may cause rapid concreting in mortars and it was impossible to compact 
the specimens effectively, resulting in weaker phase in mortars and hence lower compressive 
strength values. 

3. Test results preliminarily prove that the effect of MICP can fill pores within the mortars and 
thus increase their strengths. The results also demonstrate that the bacteria can have the 
reaction of MICP using the calcium hydroxide generated from cement hydration in the mortars 
as a calcium source without the need for adding any other calcium source. 
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