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ABSTRACT

Concrete durability determines service life of structures. It can though, be weakened by aggressive 
environmental conditions. For instance, bio-corrosion process is due to the presence and activity of 
microorganisms which produce sulphuric acid to form sulphate deterioration of concrete materials. The 
problems related to durability and repair systems are due to lack of suitable concrete materials. The use 
bacteria for concrete repairing and plugging of pores and cracking in concrete has been recently explored. 
Previous studies had proved the possibility of using specific bacteria via bio concrete as a sustainable 
method for improving concrete properties. Thus, lack of information on the application of bio concrete 
exposed to extreme condition was the motivation for this research. 

Keywords: Bacteria concrete, bio-concrete, concrete properties, durability, sea water 

INTRODUCTION

Concrete is the material of choice for the construction of structures that are exposed to extreme 
conditions such as those located near the sea as well as exposed to sulphates and chlorides. 
Concrete durability affects the service life of concrete structures   significantly.  The presence 
of steel reinforced bars in any structure exerts pressure arising from corrosion.    

A typical problem in many concrete 
constructions is crack formation. Most cracks 
hamper structural integrity of the structures 
and give rise to durability problems and 
increase matrix permeability (Jonkers, 2012). 
Bio-concrete can solve durability problems 
using technology bacteria in order to seal 
cracks (Irwan et al., 2016).  However, not 
all bacteria are able to tolerate extreme 
conditions (Ramachandran et al., 2001). This 
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development has witnessed the use of certain bacteria which has the capability to grow in 
environments that are alkaline and without oxygen (Irwan et al., 2014).

Durability Concrete on Aggressive Environment

Concrete durability is known as the ability of concrete to resist changes caused by environmental 
and chemical degradation. Factors affecting durability include material composition, 
proportioning, interactions, placing and curing procedures and the working environment. 
Therefore, different types of concrete require different degrees of durability.

According to Niyazi et al. (2016), cement paste which is too dense, low permeability and an 
environmental exposure like freeze-thaw-cycles are the major factors that influence durability 
of the concrete structure. Generally, fluctuations in concrete temperature and moisture do not 
affect the structure. However, alkali-aggregate reaction, sulphate attack, freeze-thaw cycles and 
reinforcement corrosion can adversely affect durability of structure. These factors may occur 
individually or simultaneously which lead to expansion and development of cracks in concrete.

The risk of corrosion is higher when concrete structures are exposed to an aggressive 
environment (seawater) or de-icing salts (as depicted in Figure 1). Corrosion is the single most 
prevalent factor causing deterioration of reinforced concrete structures. Findings of earlier 
studies indicate that corrosion is the main factor weakening steel bar in the reinforced concrete 
structure (Basheer, 1996). Environmental damages that lead to structural corrosion are caused 
by chemicals, sulphates, chlorides and coastal salts (Choi et al., 2015). The most significant 
corrosive constituents in coastal salts are sodium chloride, calcium chloride, and magnesium 
chloride, which are the same salts (chlorides) used for de-icing.
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 Figure 1. Failure of concrete due to structural corrosion as a result of aggressive 

environment (seawater) or de-icing salts (a case in one of the island) 

 

Corrosion of reinforcement has been established as the principal factor causing 

widespread premature deterioration of concrete, especially structures located along the coast. 

The most important causes of corrosion initiation of reinforcing steel are chloride ions 

Figure 1. Failure of concrete due to structural corrosion as a result of aggressive environment (seawater) or 
de-icing salts (a case in one of the island)

Corrosion of reinforcement has been established as the principal factor causing widespread 
premature deterioration of concrete, especially structures located along the coast. The most 
important causes of corrosion initiation of reinforcing steel are chloride ions ingression and 
carbon dioxide exposure to steel surface. Corrosion initiation is triggered by iron oxides and 
hydroxides that are usually deposited in the restricted spaces in the concrete around the steel 
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(Song et al., 2007). Corrosion is an electro-chemical process with the basic mechanism at 
different areas of the same steel bar (anode and cathode). At the anode, steel releases ferrous 
ions (Kim & Ann, 2010). In contrast with the cathode, water in the presence of oxygen releases 
hydroxyl ions which increase alkalinity of the concrete (Broomfield, 1997).

The sulphate attack is a result of formation of gypsum (calcium sulphate) which in turn 
is due to specific reaction (Coppola et al., 1996). Sulphate ion from ground or seawater reacts 
with lime released during hydration process of portland cement and in the presence of calcium 
aluminate (Collepardi, 2003). This results in the formation of sulphate compounds that occupy 
greater volume than the original concrete components causing expansion and eventual concrete 
deterioration.

Bacterial Concrete

Bacteria is relatively simple, single-celled (unicellular) organisms. It can live and grow in 
organic matter and in plants and animals (Siddique, 2011). 

The microbial precipitation of CaCO3 is determined by several factors including:  
concentration of dissolved inorganic carbon, pH, concentration of calcium ions and presence of 
nucleation sites (Tittelboom et al., 2010). Certain groups of bacteria have ability to precipitate 
calcium carbonate. Studies on bio-concrete have examined Bacillus cohnii to precipitate 
CaCO3 and Bacillus sphaericus to heal cracks in concrete (Wang et al., 2012). Meanwhile, 
Ramachandran et al. (2001) used different species of bacteria, Bacillus pasteuri, to precipitate 
calcium carbonate (CaCO3).

Therefore, there are possibilities that other bacteria strain can survive in extreme conditions. 
Consequently, a sulphate reduction bacteria (SRB) that heal micro-cracks (Irwan et al., 2016) 
show a potential for use in aggressive environments.

Literature on Bio-Concrete 

Concrete is mixtures of aggregate, cement, water and often chemical admixtures. Chemical 
and physical agents can attack the inert filler. The mineralogy of aggregate also plays a role 
in the chemical stability of hydrated cement paste, which ultimately leads to failure (Wiktor 
et al., 2011).  The concrete structures have a certain capacity for autonomous healing of such 
micro cracks (Mindess et al., 2003; Reinhardt et al., 2003; Neville, 2004). The actual capacity 
of micro crack healing appears primarily related to the composition of the concrete mixtures. 
Mixtures based on a high binder content show remarkable crack-healing properties (Reinhardt 
et al., 2003). Autogenous self-healing of cracks traditionally occur in concrete with high-binder 
content mixtures and limited to cracks with a width smaller than 0.2 mm (Mindess et al., 
2003; Reinhardt et al., 2003; Neville, 2004). The metabolic activity of bacteria is monitored 
by oxygen profile measurements, which reveal O2 consumption by bacteria-based samples. 

The bonding behaviour with the concrete substrate is evaluated based on pullout tests and 
restrained shrinkage (Li et al., 2007). Bacteria S. pasteurii improves the compressive strength 
better than B. subtilis for both in water and sulphate solution. S. pasteurii also showed the 
least compressive strength loss compared with 28-day compressive strength, and represented 
the most relative compressive strength compared with the sulphate environment. (Guadalupe 
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et al., 2014). Nosouhian et al. (2015) had studied the durability of concrete in environments 
containing sulphate and found an improvement on concrete containing bacteria. The result at 
28-days with 20% bacterial concrete was higher compared with the control. Isolated ureolytic 
and sulphate reduction bacteria strains are trained to survive in both alkaline and anaerobic 
condition to suit the concrete environment and have been proven to improve concrete 
properties (Irwan et al., 2014). 

Table 1 shows majority of the researcher confirmed that bio-concrete resulted in an 
increase in concrete properties. However, there is limited information on the application of 
bio-concrete in other aggressive environments namely, chloride attack or other chemicals. 
Thus, future research should look examine optimum bio-concrete on aggressive environment. 
Adding the bacteria further confirms the mechanism or reactions by the bacteria inside the 
concrete. Microstructure and elemental analysis using Scanning Electron Microscope (SEM) 
show the appearance of distinct calcite crystals in concrete while X-ray defraction confirms 
the formation of complex calcium in the treated concrete (bio-concrete).

Researchers Findings Type of Bacteria
Concentration of 
bacteria added

Nosouhian et al. 
(2015)

Carbonate producing bacteria to 
improve concrete characteristics

S.pasteurii (SP) and 
Bacillus subtilis (BS)

BS:  6 x 109 cells/mL
SP: 9 x 107 cells/mL

Guadalupe et al. 
(2014)

Bio-based via bacteria-mediated 
calcium carbonate production 
improved mechanical properties 
and bonding strength of concrete

Bacillus cohni 1.2 x 107 bacterial 
spores/gr +15% 
calcium lactate

Irwan et al. 
(2014)

Survive in the alkaline 
environment with anaerobic 
conditions. Improve concrete 
properties

The Ureolytic bacteria 
(UB) and Sulphate 
Reduction Bacteria 
(SRB)

3% UB 0.1-0.5 mol/L 
& 5% SRB 0.1-0.5 
mol/L

Wang et al. 
(2011)

Polyurethane has  potential to 
be used as bacterial   carrier for 
self-healing of concrete cracks

Bacillus sphaericus 109 cells/mL

Jonkers et al. 
(2011)

Self-healing capacity of concrete 
to seal the crack

Bacillus cohni 2.4 x 108 spores/cm3 
cement stone

Tittelboom et al. 
(2009)

Repair crack in concrete Bacillus sphaericus 
(BS)

20 g/L BS+20 g/L 
urea

Ghosh et al. 
(2009)

Strength of bacteria modified 
mortar increases

Bacillus hewanella 
(BS)

104-106 BS cells/ml

Muynck et al. 
(2008)

Improves the durability of 
cement materials

Bacillus sphaericus 103 spores/g mortar

Ramakrishnan 
et al. (2005)

Improvement of concrete 
durability 

Bacillus pasteruii 1 x 108 cells/ml

Table 1
Previous studies on bio-concrete



Overview of Bacterial Concrete on Durability of Concrete in Aggressive Environment

263Pertanika J. Sci. & Technol. 25 (S): 259 - 264 (2017)

CONCLUSION

This study examined the use of bacteria in concrete technology. Bio-concrete has better 
durability as it improves the properties of concrete. However, an extensive study on bio-concrete 
should be undertaken with the aim of adopting bio-concrete technology. 
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