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Our research focuses on developing concrete that combines crack-sealing properties with 
corrosion resistance for reinforcing bars by mixing aerobic spore-forming bacteria, such as 
Natto bacteria, into the concrete mix. Aerobic bacteria consume dissolved oxygen in the 
concrete and release carbon dioxide (CO₂). The released CO₂ reacts with calcium ions (Ca²⁺) in 
the concrete to form calcium carbonate, which precipitates and seals the cracks. Meanwhile, 
as the dissolved oxygen in the concrete decreases, the rate of corrosion of the reinforcing bars 
is suppressed. 

The Mechanism of Bio-Smart Concrete

Through repeated culture experiments, our research team 
succeeded in isolating bacteria strain capable of metabolic activity 
and growth even under strongly alkaline conditions (pH 11–12). 
These strains were named “AH” because it is capable of growing 
under alkaline conditions (Alkaline Habitable).
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By mixing AH cells and nutrients into the concrete, 
the material exhibits self-healing properties that 
precipitate calcium carbonate in the early stages to 
seal cracks, while also actively consuming dissolved 
oxygen to protect the the reinforcing bars from 
corrosion.



Concrete with Corrosion Resistance and Self-Healing Properties

Bio-Smart ConcreteⓇ

BiSCoⓇ

The strong alkali-resistant AH strain is cultured in large quantities using a jar-fermenter(①). 
A single culture run can produce more than 1015 AH strain cells (equivalent to 100 m³ of 
fresh concrete). AH cells concentrate is prepared based on the required number of cells. 
Yeast extract (②) and biodegradable plastic (③) are used as nutrients for microorganisms. 
The nutrients are measured out in the required amounts and sealed in water-soluble paper 
bags. Bio-Smart Concrete is prepared at a ready-mix plant, then adding AH cells 
concentrate and nutrients (④) to the drum of a truck mixer on-site and mixing at high 
speed (⑤).

１ Method for Bio-Smart Concrete Production

２ Pilot Construction conducted on a Port Facility’s Seawall
Environments prone to salt damage and subject to water exposure are considered to be 
those in which Bio-Smart Concrete (BiSCo) demonstrates its best performance. Therefore, 
pilot construction of BiSCo was carried out on the seawall of a port facility (on the pier). 
The BiSCo produced possesses the specified fresh concrete properties, and operations 
such as pumping, compaction, and finishing were carried out according to the 
construction plan.
Test specimens were prepared during the quality test prior to concrete placement, and a 
water leakage test was conducted. The test results confirmed the induced cracks self-
healed and the leakage stopped within approximately one month.
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The Properties of Bio-Smart Concrete
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