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1 Introduction

According to past research reported by Kawaai et al., (2017), precipitation of calcium carbonate
in alkaline environment has been confirmed by precipitation tests using aerobic Bacillus subtilis
(natto) encapsulated in calcium alginate capsules. When sodium alginate dissolved in a liquid
is used for repairing cracks in concrete, there is a strong possibility that the alginate reacts with
calcium ions available on the cracked surface, thus forming a polymer comprising calcium
alginate via ion-link on the cracked surface. This could result in in-situ encapsulation for the
microorganism and nutrients in the cracks. This study examines the effect of crack repair using
the viscosity modified mixture containing the Bacillus subtilis (natto) and nutrients via liquid-
based approach under wet and dry conditions.

2 Experimental Programs

The experimental parameters include the presence (N1 mixtures) and absence (W mixture) of
Bacillus subtilis (natto), the concentration of sodium alginate is specified as 1.5 wt.% for all the
mixtures tested. The use of Tris buffer solution with concentrations of 0.1 mol/L is also
considered as a testing parameter. In this study, three mixtures were totally prepared. Mortar
specimen with a water cement ratio of 0.5 was prepared using a cylindrical mold of ¢50x100
mm. And split crack was induced using the mortar specimens in which the crack width was
targeted around 0.5 mm. And then, the repair mixtures were poured into the cracks. After 1
week, exposure tests were carried out either through wet conditions (12 hours) and dry
conditions (12 hours) or only wet conditions (24 hours). Wet conditions were executed using
distilled water containing NaCl (3 wt.%) for both cases. And then, rate of water absorption was
measured in accordance with ASTM C 1585-13 after 56 days exposure in each condition.

3 Experimental Results and Discussion

For the mortar specimens repaired with each mixture, the materials formed on the cracked
surface were firstly observed by microscope. The observations were made before repaired, 7
days later before the specimens were exposed to the dry and wet cycles and 56 days after the
exposure tests. As shown in Figure 1, the sealing rate is clearly higher in the cases of specimens
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repaired with the N1 mixtures through the MICCP. The difference observed in the sealing rate
could be affected by the gel films formed on the cracked surface. It is partly because the
moisture kept in the gel films can be released to the crack even under dry conditions in the wet
and dry exposure conditions. Thus, the sealing effect could be obtained even under the dry
conditions in such a case. In addition, the effect of repair with respect to the sealing rate was
found to be higher in the case of the wet conditions compared to those observed in the specimens
exposed to the wet and dry environment. This could be attributed to the higher availability of
moisture and dissolved oxygen for the MICCP processes in the N1 specimens.

Water absorption test was carried out based on modified procedure in accordance with
ASTM C 1585. Figure 1 shows the primary gradients calculated based on the testing results for
the all the mixtures including specimens without repair. As can be seen in the figure, the primary
gradients are decreased with increasing rate of sealing effect of crack repair. In particular, the
smallest gradient was obtained in the case of N1-G1-TO mixture. This is consistently observed
in each exposure condition, thus suggesting that the crack repair using the N1-G1-TO mixture
contributed to higher resistance against the ingress of water through the cracks. The results
suggest that higher sealing rate of crack repair associated with calcium carbonate precipitation
leads to higher resistance against water absorption tested in accordance with ASTM C 1585 in
this study.
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Figure 1. Observations by microscope on the repaired surface (wet condition) and primary gradient of water
absorption test and sealing rate of crack repair.
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4 Conclusions

- The results suggest that higher sealing rate of crack repair associated with calcium
carbonate precipitation leads to higher resistance against water absorption especially in
the case of the N1-G1-TO mixture under both exposure conditions (wet&dry and wet)
tested in this study.
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