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BACKGROUND
• Reinforced concrete is the most used building material in the world

• Reinforced concrete is susceptible to damage (e.g., corrosion, spalling and crack formation) from long-term exposure

to chemicals in the environment and repeated freeze/thaw cycles (Fig 1), costing the US economy $18-$21 billion
1

annually for rehabilitation and repair.

• Current rehabilitation strategies for damaged reinforced concrete utilize cementitious patching and/or chemical

treatments which contribute to pollution and require repeated maintenance.

• A more environmentally friendly and economically favorable approach to increase the durability and lifespan of

reinforced concrete structures is needed.

• Using microbes to provide self-healing properties in reinforced concrete through microbially induced carbonate

precipitation (MICP) offers a novel and sustainable approach towards improving the long-term performance of

reinforced concrete.
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• Although MICP for reinforce concrete remediation is possible, with ureolysis showing the

most promise, many shortcoming still have to be addressed.

• Future work will focus on:

• Optimizing concrete formulation to provide required nutrition for optimal MICP

performance

• Achieving low byproduct formation through the exploration of co-culture

approaches; combining ureolytic and non-ureolytic organisms together in order to

provide better metabolic synergy.

BIOCONCRETE FEASIBLITY: 
WHAT WE HAVE LEARNED?

• In recent years, the control and use of microbes capable of MICP has been

explored for several rehabilitation applications including reinforced concrete

restoration.

• A variety of microbes which utilize an array of different metabolic processes to

produce carbonate precipitates have been identified with each process having

different advantages and disadvantage
3

(Table 1).

• Both biostimulation (modification of the environment to stimulate existing

bacteria) and bioaugmentation (addition of microorganism with desired metabolic

capability with foreign microorganism) approaches have been studied for MICP

with varying success
4
.

• In addition, combining ureolytic bacteria and non ureolytic bacteria to increase

calcium precipitation by creating a synergic culture has also shown promising

results
5
.

• Several deficiencies have been identified in the available literature:

• Limited information on methods to ensure microbial viability and even

distribution of nutrients and microbes through concrete mixes

• Failure to characterize the mechanical properties of materials treated

with MICP microbes.

• The impact of chemical nutrients required for the development and

maintenance of MICP have not been characterized

MOST PROMISING PATHWAY - UREOLYSIS:

• Has many advantages relative to other metabolic pathways for reinforced concrete

repair applications because:

• It does not produce harmful byproducts that can potentially leach into

the environment.
3

• Some ureolytic bacteria are non-pathogenic and can survive in high

alkaline environments as you would find in concrete.

OBJECTIVE
To conduct an extensive literature review to understand the current advantages and
limitations of MICP and discern its feasibility for application in reinforced concrete

Figure 1: Pictures of cracks formed in concrete through
repeated freeze/thaw cycles and overbearing resulting in

compromises structural integrity.

BIOINSPIRED SUSTAINABLE CONCRETE

Using and understanding microorganisms and 
their metabolic processes 

to repair cracks in concrete 

is a promising new approach to 
solve one of engineering grand challenges.

Table 1. Summary of the different MICP metabolic processes 
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HOW DOES MICP WORK?
• Many microorganisms are known to be able to perform MICP (Figure 2) through a 

range of different pathways (Table 1). 

• Through our literature review, we found that some pathways were more favorable 

than others
2
.

Figure 2: CaCO3 accumulation in cracked concrete after addition of
microorganisms at day 0 capable of MICP (adapted from Son et al.,5)
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