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Abstract-The construction industry is one of the activities that
cause the greatest impact on the environment and society in
recent years has been increasingly concerned about
sustainability and methods that do not lead to environmental
degradation or pollution. The use of bacteria in concrete is an
idea that has gained a lot of strength in recent years. Its
working process is similar to biomineralization that occurs in
nature. The use of bacteria in concrete and mortar allows the
filling of cracks and the regeneration of structures, as well as
an increase in the strength of concrete.
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. INTRODUCTION

Society is in a constant process of evolution, as a
consequence the types of constructions, the construction
methods and the materials used change. Today a theme that is
under constant discussion in construction is sustainability,
seeking ways to build with less waste, extending the life of the
building and generating less maintenance waste are
increasingly in focus.

Concrete is a material that is intensely employed in
construction. It is characterized by being a plastic material that
can adapt to a predetermined shape and that when dry presents
resistance similar to natural rocks [1]. Due to its characteristics
the consumption of concrete has become increasingly intense,
with various purposes being used in homes, buildings, special
works of art, highways, among other enterprises.

Concrete has several advantages, but depending on the
environment, the way it is produced, the characteristics of the
materials used and other external factors, it can present cracks,
pathologies and in severe situations can compromise the
structure and prevent its use. In an attempt to improve its
characteristics, new studies, materials and techniques have
been employed in concrete in all parts of the world.

The use of bacteria in concrete to prevent cracking
processes, future pathologies, reduce maintenance costs and
ensure a longer service life has been studied worldwide.

Microbiologist Henk Jonkers was primarily responsible for the
study conducted by the University of Delft in the Netherlands
in recent years [2]. The initial idea is to promote the
regeneration of concrete in a natural way similar to what
happens in nature and in the human body.

Despite being a new technology, some enterprises have
already employed or intend to employ this new technology in
their constructions, in order to promote a longer service life
and avoid maintenance costs.

II.  BIOLOGICAL CONCRETE WORKING PRINCIPLE

The principle of operation of biological concrete is through
the action of bacteria that when finding the right medium can
feed and excrete calcium carbonate (CaCO3), this process
occurs through biomineralization [3]. Biomineralization occurs
naturally, living beings have the ability to produce minerals
that promotes the hardening or stiffening of existing structures
(tissues). In biocalcification, calcium carbonate (CaCO,)
precipitation occurs by the union between calcium cations
(Ca?") and carbonate ions (CO3%), according to equation 1.

Ca2+ + CO32- — CaCO3 (s) @)

Microbial Induced Carbonate Precipitation (MICP)
carbonate production occurs through the accumulation in
calcium extracellular medium that is not used by
microorganisms [4]. Bacteria to be used in concrete must be
resistant to extreme environments, such as volcano craters, and
be able to precipitate calcium carbonate by having a food
source in their surroundings; The bacteria that best exhibit
these characteristics and can be wused are: Bacillus
pseudofirmus, Bacilluscohnii, Escherichia coli, Bacillus
pasteurii, Bacillus balodurans, Bacillus subtilis e Bacillus
sphaericus [5].

Figure 1 shows a representative scheme of how calcium
carbonate precipitation occurs from the urea. This process
occurs when calcium ions in the solution are attracted to the
bacterial cell wall due to its negative charge. After the addition
of urea to the bacteria, carbon dioxide and ammonia are
released [3].
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Figure 1. Representative scheme of how calcium carbonate precipitation
occurs. Source: PELEGRINELLO, 2017

For calcium carbonate production to occur, the bacteria
chosen for use in concrete must have some source of calcium at
their disposal, such as calcium lactate. The process of mixing
the bacteria in the concrete can be by encapsulating the bacteria
and their food source in an expanded clay capsule that is added
to the concrete mix, the other way to mix is to place the
bacteria directly and your food directly (concomitantly) during
concrete production. In both cases the bacteria were latent until

TABLE I.

cracking occurs in the concrete and upon contact with water the
bacteria will feed and substrate present in the medium and will
release calcium carbonate.

Some environmental factors, such as temperature, pH, the
concentration of inorganic carbon present in the dissolved
medium and the presence of nucleation sites can interfere with
the calcium carbonate production generated by the bacteria.
The temperature range they can perform is between 20 and 37
degrees Celsius, but the ideal temperature is 35 degrees and the
pH should be in the basic range between 8.7 and 9.5 this is
very beneficial as concrete is a alkaline mixture [6].

A limiting factor for the use of biological concrete is the
thickness of the crack, since the extent to which the bacteria act
on the crack is unlimited, but the crack thickness should not
exceed 8 mm, as values above this thickness may compromise
the integrity of the concrete [7]. According to [8] the Crack
Formation Limit State (ELS-F) states that the maximum
cracking that can be achieved without compromising the
structure is 0.4 mm according to Table 1, so bacteria can meet
thicknesses greater than those established by the Brazilian
standard.

DURABILITY REQUIREMENTS RELATED TO CRACKING AND REINFORCEMENT PRESTRESSING, ACCORDING TO THE ENVIRONMENTAL

AGGRESSIVENESS CLASSES (ADAPTED). SOURCE:ABNT, 2014.

Environmental Aggressiveness Class (CAA) and

Structural Concrete Type .
prestressing type

Combination of actions in service to be

Crack Requirements
used

Simple Concrete CAAlaCAA IV Né&o ha --
CAAI ELS - W wk <0,4 mm
Reinforced Concrete CAA Il eCAA T ELS - W wk <0,3 mm Frequent combination
CAA IV ELS - Wwk <0,2 mm

Precast Concrete Level 1

- . CAA | pretension or CAA 1l and IV posttraction
(partial prestressing)

ELS - W wk <0,2 mm Frequent combination

Prestressed Concrete Level

2 (limited prestressing) CAA |l pretension or CAA 1l and IV posttraction

Check both conditions below

Frequent combination

ELS - Dt* Almost permanent combination

Prestressed Concrete Level

3 (complete prestressing) CAA Il and IV pretension

Check both conditions below

ELS-F Rare combination

ELS - D** Frequent combination

* At the designer's discretion, the ELS-D may be replaced by the ELS-DP with a, = 25mm

1 The definitions of ELS-W, ELS-F and ELS-D are in 3.2.

2 For environmental aggression classes CAA-111 and IV non-adherent chords are required to have special protection in the region of their anchorages.

IIl.  PLACES YOU ALREADY USED IN THE WORLD

Studies on the use of bioconcrete are recent, but point to the
benefits of avoiding cracking and cracking in buildings as well
as avoiding expansion joints.

Some major and relatively large works are already using
biological concrete, such as a 60-story building in Osaka
Prefecture, Japan, and a bridge built in 2006 over Interstate 94
in Michigan, USA [9].

This building is about 300 meters high and is considered a
high altitude work for Japan, as it is a country that suffers from

frequent earthquakes and as a consequence its constructions
may present cracks and cracks from the movement. The bridge
built on Interstate 94 in Michigan, USA, eliminated the use of
traditional expansion joints [9] and avoided the concern of
frequent maintenance on the structure.

To verify the actual results in the biological concrete, a
residence was built (Figure 2) which is periodically inspected
[7]. Thus, it is possible to evaluate the possible consequences
of the insertion of bacteria in the concrete.
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Figure 2. Residence built with biological concrete. Source: PET ENG.
CIVIL UFSC,2016. http://pet.ecv.ufsc.br/2016/10/bioconcreto-o-concreto-
que-ganhou-vida/

IV. Cost

The benefits of using biological concrete are significant in
terms of saving time and money in maintaining bridges,
buildings, water supply systems, and avoiding the disruption
and disruption of daily activities to perform structural repairs.
However, bioconcrete is a new technology and as such has a
high cost both because it is being implemented by companies
operating in the field of construction, and because it demands a
higher cost because it is a smaller scale of production until its
full diffusion in the world market [2].

Today the use of biological concrete generates a cost about
3 times higher than conventional concrete and depending on
the size of the project can directly affect the budget of the
work. But when taking stock and checking the long-term
savings generated by maintenance and repairs that require
skilled labor and skilled projects, it becomes apparent that it is
economically viable to use biological concrete [10].

V. CONCLUSION

The emergence of cracks and pathologies in concrete is
very common in everyone. And the search for new
technologies is crucial to avoid these problems.

The use of bacteria that produce calcium carbonate mixed
with concrete appears as a possibility to solve cracks and
ensure a longer service life, avoiding frequent maintenance and
repairs in buildings.

Therefore, the use and dissemination of this new
technology in the construction market is essential to ensure that
it remains in the market and can increasingly encourage new
discoveries and technologies to be researched and used in
construction.
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