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Abstract

Throughout the field of construction, intrinsic brittleness of the mortar that
lead to cracking, especially after plastering, has been frequently observed,
which makes it a common hurdle in most of the constructed structures, due to
the significant loss of water tightness and durability. Cementous structures
are subject to damage continuously by harassment conditions. Therefore,
special biological systems can be exploited to overcome such problems.
Many bacterial species have been employed to precipitate calcium carbonate
through the oxidation of organic carbon, changing the properties of the
construction material. The oxidation process would fill the pores between
cement matrices, which shows significant decrease in the porosity,
permeability and capillary water penetration. Deposition of calcium
carbonate by bacteria is a phenomenon known as microbiologically induced
calcite precipitation (MICP), biomineralization, or bio cementation, which
considered as natural and eco-friendly process. Such deposition is a
promising practice for integrating and protecting various building materials.
The strength refinement is due to growth of filler material inside the pores of
the cement matrix. In addition, a modification in pores’ size, distribution, and
total volume are also noted, that could enhance durability properties. Due to
the relative dryness and shortage of nutrients required for bacterial growth in
concrete, those common bacteria unable to thrive. Some extremophiles spore
forming species are able to survive in such hostile environment and boost the
durability, compressive strength, and self-healing and repairing of micro-
cracks in the cement concrete. Bacillus spizizenii 6633 was added to cement
mortar, and found that the tensile strength was increased up to 12.6%, and the
deterioration was decreased through the reduction of the microcracks by self-
healing process.

Key words: Mortar, biomineralization, bio cement, Bacillus spizizenii,
microcracks.
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Introduction:

In the scope of construction industries, mortar is a mainly utilized
material. It is a combination of cement, water and sand, which
primarily exploited for bonding stones or bricks collectively.
Usually, in most of the building structures, cracks are created
subsequent to plastering, which is generally applied at the final
phase of the work. These cracks are created because of different
factors, which include shrinkage effect, temperature alteration, and
because of pressure applied on it etc. Thus, cracks formed readily,
which in turn conducts to minimization in durability. Therefore,
restoration of cracks is mandatory practice and also preserving
very often is much necessary (Poornima et al., 2020). However,
restoration of cracks is expensive and it needs high labor. The
suitable substitutional comes in the concept of cracks self-healing,
which can be achieved using bacteria (Zhang et al., 2019).

The precipitation of CaCOs; in natural environments joins
biological operations, both of which often happen with each other
or one after the other. Bacteria living in soil and aqueous
environments are usually noted to enhance calcium carbonate
precipitation in mineral phases (Lian et al., 2006). Former surveys
have revealed that the incorporation of particular microorganisms
to sand-cement mortar or inorganic materials for concrete
deposits, which can be brought to service as fillers to treat cracks
within the structure (Ramakrishnan et al., 1999).

Microbial mineral deposition techniques have already been used to
standardize sand and improve brick strength (Dhami et al., 2012).
The predecessor minerals are transformed into CaCO3 by bacteria.
Self-healing mortars are utilized to treat cracks that are shown on
the plaster by biologically producing limestone (Poornima et al.,
2020). Thus, the biologically enhanced cement-based materials
also presented better performance in crack repair and durability
than regular concrete materials (Ghosh et al., 2008).
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Among the bacteria utilized in studies about bio cementation, the
Gram-positive, motile, spore-forming soil bacterium Bacillus
spizizenii ATCC 6633. These bacteria are able to produce a
crystalline form of calcium carbonate (calcite), which precipitates
when grown in a medium with a calcium origin (Marvasi et al.,
2013). This species is capable of precipitating calcium carbonate
on their cellular components and in their microenvironment by
converting urea into ammonium and carbonate (Wang et al., 2010)

The aim of the study:

This study helps to investigate the influence of microbial stimulate
calcite precipitation to evolve the physico-mechanical features of
cement mortar and the repairing of the cracks formed on the
surface of construction materials.

Materials and methods:
Preparation of bacterial suspension:

Bacillus subtilis subsp. spizizenii ATCC 6633 was purchased from
American Type Culture Collection (ATCC). The lyophilized cells
were suspended in brain heart infusion broth for enrichment. After
obtaining pure culture of bacteria on nutrient agar, they are
maintained on slants of nutrient agar and preserved in refrigeration
until use. Sub-culturing was carried out monthly,

and checked periodically for contamination by other bacteria
through streaking on nutrient agar plates.

Luria-Bertani (LB) medium was used for growing bacterial cells
to perform experiments. The constitution of this medium for each
1 liter as follows:

Tryptone 10g
Yeast Extract 59
NaCl 10 g
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These components were dissolved in 1 liter of distilled water,
sterilized by autoclave at 121°C and 15 psi for 15 minutes. After
cooling down, CaCl, was added using cold sterilization through
0.22 filter units, to deny chemical decomposition in high
temperature in the autoclave (Abo-EIl-Enein et al., 2013).

Before implementing the tests, few colonies taken by loop and
inoculated into 225 ml Luria-Bertani (LB) medium-containing
flasks, placed in 150 rpm orbital shaker incubator set for 37°C for
24-48 h.

After incubation, the bacterial-containing medium was poured
into polystyrene tubes (15 mL), centrifuged at 5000 rpm for 10
minutes, so as to discrete the cells from medium. The supernatant
was dismissed and the pellet of cells was re-suspended in a
phosphate buffer, mixed for homogenization and centrifuged
again. This was repeated four times and the final pellet was re-
suspended again in phosphate buffer solution, stored in
refrigerator for 48 hours for spores’ formation (Schwantes-Cezario
et al., 2019). The number of bacterial cells was measured by a
spectrophotometer that quantifies optical density.

Preparation of mortar was achieved through the weight of sand:
cement ratio 3:1. After mixing, eggshell powder and limestone
was added to the mixture, and then the needed amount of water
was added at a W/C ratio of 0.46. Different specimens were
prepared through the addition of phosphate buffer alone instead of
water, and phosphate buffer solution containing bacterial spores.
measured by spectrophotometer at wavelength of 600 nm. The
pastes of fresh mortar were casted into the mold,

left for compaction by a vibration machine, then restored for 24 h
in a humidity chamber with relative humidity of 100%. Control
specimen were cured with tap water and all samples are tested
after 7, 14, and 28 days (AL-Ridha et al., 2020).

The pastes of fresh mortar were casted into the mold, left for
compaction by a vibration machine,
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then restored for 24 h in a humidity chamber with relative
humidity of 100%. Control specimen were cured with tap water
and all samples are tested after 7, 14, and 28 days

(Smitha et al., 2022).

The cylinders and cubes were prepared for concrete mixtures for
all experiments. Cubes were 10 cm? while the cylinders diameter
and height were 10 and 20 cm, respectively. These specimens
were demolded after 24 h then cured in water bath for 7, 14, and
28 days (Gavimath et al., 2012).

The process of self-healing was visually observed using an
inverted microscope to investigate healing because of bacterial
precipitation of calcium carbonate at the top of the crack in each
specimen (Chaerun et al., 2020).

Results and discussion:

Compressive strength of mortar is considered as one of the most
efficient properties of hardened concrete, by which the durability
and strength of concrete is affected. Other properties for
solidifying concrete rely on several factors, like water to cement
ratio, cement to sand ratio, curing period, and other various factors
(Sandip and Aparna, 2018). The development in the tensile power
of the cement-sand combination relies on the pores structural
shape. Because of bacterial growth, a process of calcium
precipitation occurs constantly, obstructing the pores with calcium
deposits (Seshagiri et al., 2017)

The key point of the current study is to incorporate the bacterial
cells unto cement mortar and left for the efficient activation. The
potential biochemical reaction taken place in medium is catalysis
the hydrolysis of urea,

by urease, to precipitate CaCO;z; at the surface of the cell
(Senthilkumar et al., 2014). It was found that tensile intensity of
mortar was increased in the existence of calcium carbonate
precipitation bacterium, Bacillus subtilis subsp.
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spizizenii ATCC 6633, increased up to 12.6% after 28 days of
demolding (table 1), which indicates a powerful technique in the
increasing durability of mortar by the process bio cementation.

Calcium carbonate can remove pores and compact cement-
established materials, leading to enhanced intensity. Although the
sediment may not completely block the void, the calcium
carbonate sediment was necessary enough to increase the
properties of the mortar (Ameri et al., 2019). The bacterial spores
fixed in the concrete mold will turn metabolically active when
they are revived by water and calcium medium in the concrete.
The empty space will then be quickly blocked and closed by
metabolic-mediated microbial CaCO; precipitation, blocking the
entry of more water and other chemicals (Gavimath et al., 2012).

Table (1): Tensile strength of different specimens of mortar
throughout the experiment:

Mortar with water

Mortar with PBS (control) 27.4 29.8 39.1
Mortar with bacteria 30.2 335 44.5
Percentage of increasing 9.8% 11.2% 12.6%

The addition of bacterial cells can increase compressive strength
during concrete construction, or curing, or even following curing
process as a spray (Sumit et al., 2018).

The differences in the compressive strength of the mortar in the

different studied periods, compared to the control one, can be

clarified that spores have to sneak into the samples to reach the
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hydration products for reaction and calcium carbonate
precipitation. Furthermore, spores may find it hard to penetrate the
samples due to deposition. Perhaps, given enough time, this spore
addition procedure could have been more effective. It can be
indicated that the development in tensile strength is a result of
improved compressive strength (Schwantes-Cezario et al., 2019)

Throughout the beginning of processing period, the microbial cells
received enough nutrition, because the matrices of the cement was
much porous; but their growth may not be appropriate because of
the entirely new conditions for bacteria. It may also be potential
that because the cement pH remained high, the cells were in arid
conditions, and as raising of curing period, they began to grow
quietly. Upon cell growth, calcite may precipitate on the surface as
well as inside cement matrix. Once most of pores are blocked, the
availability of oxygen and nutrients for bacterial cells hinders, and
ultimately the cells either die or converted into endospores. This is
related to an improve in the compressive intensity of the slurry
cubes. This clarifies the behavior of the higher compressive
intensity value after 28 days in the case of slurry cubes prepared
with microbial cells (Bang et al.,2002; Abo-El-Enein et al., 2013).

Self-healing process:

The substantial standard for healing the small cracks and micro-
cracks of concrete is self-healing, which also increases the
strength and durability of structures. Under certain conditions,
small cracks and micro-cracks can be healed. The metabolism of
Bacillus subtilis subsp. spizizenii ATCC 6633 can also heal
surface cracks, known as self-healing concrete. It was found that
precipitation of Ca CO; is the most influential factor for self-
healing of concrete (Tziviloglou et al.,2016) as shown in Figure 1.

82



LR
r\:"/ ".
\ {
N |
\ 4
3 { 3
¢ L \
\’\ ‘I
. L
\; g \‘M—“
a .. g s ‘
g D T ]
: XA “‘."-. \;_‘»:4' E, 3 ‘
; Sk T £ / { N
| 22 WY G R 3 J N .

Figurew(it)m:“ Small and rﬁi‘crcl)-crécks of co'n'crete under
microscope; A: Before healing, B: after the addition of
bacterial spores for healing activity.

The efficiency of self-healing process requires not only enough
guantity of healing compounds, but also the least number of
bacterial spores are needed to secure that during the healing
procedure, there are appropriate number of cells taking part
(Alazhari et al., 2018). Increasing cracking period and width will
decrease the self-healing capacity of concrete (Luo et al., 2015).

In general, there is a better existence of calcium when
incorporating spores, possibly because spores may have utilized
calcium in cement products and in lime to precipitate CaCO;
(Schwantes-Cezario et al., 2019).

Bacterial treatment of concrete could heal the excessive load on
concrete that may lead to cracks (Bundura, 2015). Protecting the
bacteria with silica-gel have revealed a preferable self-healing
competence than non-protected bacterial cells (Tittelooom et al.,
2010). If the spores were encapsulated by hydro-gel, the efficiency
of self-healing process will be improved (Wang et al., 2014).
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Conclusions:

This study revealed the ability of bacteria incorporated in the
mortar mixture to promote its features and self-heal any formed
cracks. The combination of bacterial cells, limestone, and eggshell
could be suggested for a novel concrete, showing optimum
improvement of the properties, despite the fact that the self-
healing took place in most optimum condition, while reducing the
repairing cost. This approach can be utilized as a candidate for
innovative technology to convert the construction to more
environmentally friendly and sustainable.
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