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A e s E H Development of Self-Healing System in
Concrete using Bacillus Subtilis Natto
Immobilized in Light Weight Aggregate
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Despite many technical improvements, concrete still faces quality
degradation problems caused by cracks. Recent studies in concrete materials
show that the early cracking criteria in micro-size can occur as soon as the
cement matrix becomes hardened. In many ways, these cracks can become
macro-size and opened cracks resulting in significant issues for the durability
and appearance of concrete structures as water leakage and corrosion. Many
approaches have been studied more extensively, meeting the criteria and
realizing that management should be better than preventing the cracks in
concrete. The technique of self-healing using bacteria has recently received
attention for its potential applications. With the ability to be easily cultured and
form CaCOs, the potential to use Bacillus subtilis natto in the full-scale
application is very promising. However, the effectiveness and the repeatability of
this method over a long period have not been clarified. The information on both
the survival and the number of bacteria after healing is limited. This study aims

to improve the self-healing ability and repeatability of concrete when using
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Bacillus subtilis natto and clarify the bio-mineralization with the effects of
nutrient-low medium to find a suitable way to protect and maintain the self-
healing ability in a long time. The high survival rate of bacteria immobilized in
lightweight aggregate gave essential information for maintaining self-healing
ability for a long time.

The experimental studies evaluate the effect of biomineralization with
lightweight aggregate as the protecting-carrying vehicle, which can control the
release of healing fluid through four cracking-healing cycles. The urease activity
and the biomineralization of the bacteria with urea as the primary carbon source
were assessed. We studied the effect of cracking age on the self-healing capacity,
associated with the compressive strength improvement. We used the value of
90 % of 7-day compressive strength to create the crack. The self-healing effect
was expected to occur over curing time (7, 14, 28, and 60 days). The recovery of
the compressive strength of concrete specimens can translate into the self-
healing efficiency, and then gives information about the relation between self-
healing capacity and curing time. The results obtained from the optical
microscope and SEM/EDS/XRD analysis indicated the existence of bacteria
CaCOs forming in concrete after four healing cycles. During a long duration,
bacterial concentration in concrete was determined by the microscopic counting
method. Based on experimental results, the compressive strength restoration
confirmed the high self-healing ability of concrete when using bacteria in
lightweight aggregate.

The experimental results demonstrated that Bacillus subtilis natto could
produce urease enzyme to break down urea in the hash condition of organic
carbon source. This bacteria to form CaCOs through the biomineralization
process after 7 days inside the lightweight aggregate was confirmed. Combining
bacteria and nutrients in lightweight aggregate was an effective technique to
control the release of healing fluid without adverse effects on setting and
hardening properties. By image-analysis, crack healing capacity could reach
95 % after 90 days for the crack less than 0.5 mm. Water permeability was
significantly lower in the continuous water flow test than the reference. Also,
Bacillus subtilis natto can survive to maintain its ability to form healing products
for at least 7 months after 3 cycles of cracking-healing. The use of Bacillus
subtilis natto immobilized in lightweight aggregate is a technique with
reasonable manufacturing costs without environmentally unfriendly chemicals
in producing the repairing materials. Experimental results add to the
understanding of the bio-mineralization of Bacillus subtilis natto in self-healing

concrete.
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The experimental studies evaluate the effect of biomineralization with
lightweight aggregate as the protecting-carrying vehicle, which can control the
release of healing fluid through four cracking-healing cycles. The urease activity and
the biomineralization of the bacteria with urea as the primary carbon source were
assessed. We studied the effect of cracking age on the self-healing capacity, associated
with the compressive strength improvement. We used the value of 90 % of 7-day
compressive strength to create the crack. The self-healing effect was expected to
occur over curing time (7, 14, 28, and 60 days). The recovery of the compressive
strength of concrete specimens can translate into the self-healing efficiency, and then
gives information about the relation between self-healing capacity and curing time.
The results obtained from the optical microscope and SEM/EDS/XRD analysis
indicated the existence of bacteria CaCOs forming in concrete after four healing
cycles.

During a long duration, bacterial concentration in concrete was determined by
the microscopic counting method. Based on experimental results, the compressive
strength restoration confirmed the high self-healing ability of concrete when using
bacteria in lightweight aggregate.

The experimental results demonstrated that Bacillus subtilis natto could
produce urease enzyme to break down urea in the hash condition of organic carbon
source. These bacteria to form CaCOs through the biomineralization process after 7
days inside the lightweight aggregate were confirmed. Combining bacteria and
nutrients in lightweight aggregate was an effective technique to control the release of
healing fluid without adverse effects on setting and hardening properties. By
image-analysis, crack healing capacity could reach 95 % after 90 days for the crack
less than 0.5 mm. Water permeability was significantly lower in the continuous water
flow test than the reference. Also, Bacillus subtilis natto can survive to maintain its
ability to form healing products for at least 7 months after 3 cycles of
cracking-healing. The use of Bacillus subtilis natto immobilized in lightweight
aggregate is a technique with reasonable manufacturing costs without

environmentally unfriendly chemicals in producing the repairing materials.
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Experimental results add to the understanding of the bio-mineralization of Bacillus
subtilis natto in self-healing concrete.
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