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l. INTRODUCTION

1. The Inevitable Components of Urban Infrastructure: ‘Cement’ is the most common
and a significant engineering material utilized ladatide [1]. Figure 1 highlights the
significance of cement as an inevitable componéantlman infrastructure. It is a chemical
material used to set, hardens and bind other agrigin materials like sand, gravel etc
together. The word cement derived from ‘Opus Caditiem’ which represented
‘Roman Concrete’ [2]. As the name implies, cemeanrisists of calcined lime and clay
with the presence of principal constituents suciCa®, SiQ, Al,Os3, FeOs;, MgO, SQ
and alkalies [3]. The principal constituents argl ptoportions are responsible for the
unigue properties of cement and are discussedlas/$o

>
>
>
>

>

CaO (60-65%) majorly control strength and sousdred construction,

SiO, (17-25%) gives strength to cement and its excessepce results into slow
setting of cement,

Al,O3 (3-8%) allows quick setting of construction medés;j

Fe,03(0.5-6%) imparts the colour and the fusion of vasi@onstituents presents in
the cement material,

MgO (1-3%) imparts hardness and if it exceedsauises cracks in concrete,
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Plastics (0.4 bn) Ammonia (0.18 bn)

Steels (1.8 bn) 2

Cement (4.5 bn)

Figure 1: Schematic Representation on the Scale of NeceEsajinpeering Materials for The
Modern World (Given in Billion Tonnes Per Year)

» SG0;(1-2%) makes cement sound,
» Alkali residues (0.1-1%) and if it exceeds efflateace and cracking of the concrete

takes place.

The above said characteristics of the constituprésent in cement lead to its
extensive use and the major area covers Masonary; vikngineering formulation;
Engineering fabrication; Acid-resistance; Watergdratructures; Supporting structure
and Concrete [4] (Figure 2).

,

Engineering
Formulation &
Fabrication

Water proof ] “g:;sgftrl‘:‘:l
structures .

Figure 2: Schematic Representation on various uses of Cement

The weaker nature, difficulty to cure on its owngats susceptibility to cracking
makes less suitable for the cement applicationstdsif [5]. The versatile nature of
cement makes it attractive as a binding substamderin its aggregate ‘Concrete’. But
there is a need to form concrete by mixing cematit erushed stones, gravel, sand and
water. Cement hardens and cures over time to fayntrete which is also act as an
inevitable component of urban infrastructure. Thariety of structures, surfaces and
formulation can be formed with cement and its cosigoconcrete as the engineering
materials for constructing, developing and mainteyrthe urban infrastructure.
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2. Carbon Emission — A Catastrophic Effect:It is known that the cement is the most
widely used engineering material in the construcsector and its world production is
about 4.5 billion tonnes per year (Figure 1). Tkeenent industry is responsible for the
third largest emitter of carbon dioxide in the wibf6]. The cement industry emits up to
2.8 billion tonnes of carbon to the environmenteThing of coal or coke in the Kiln
resulted into 8% global emission. During cement afiacturing, 900 kg of C®per ton
are released to the atmosphere (Figure 3). Betwe¥ of CQ emissions are produced
by concrete worldwide. The cement production asdige as a concrete have complicated
environment that is influenced by @@missions as well as the direct effects of
infrastructure and its development [7].

VN

Environment

Cement Concrete

Figure 3: Schematic Representation on ‘Carbon Emission’ hy&# Production and its
Composite Use

This potent greenhouse gas contributes to climange which can result into global

catastrophe. The research aimed at direct expborafirisk associated with climate change is
discussed [8]. There is a continued increase iMmrapbgenic greenhouse gas emission
despite the efforts taken by global communities [Bjis carbon emission leads to global

warming, sea level rise, weather pattern changesciptation pattern changes, ocean
acidification and so on. The carbon emission asaatastrophic effect already hit the world

by causing disrupt in weather pattern, droughtsods, hurricanes, heat waves, and wild
fires, displacing the people, and triggering masseonomic change. There is a threat not
only to environment but also to human health ioregul. There is a question for the future
generation for living in a sustainable world. Itnscessary to follow sustainable practices in
order to lessen the carbon emission or reducingc#itbon emission by switching over to

sustainability from unsustainability (Figure 4) whisafeguard both the human and the
environmental health.
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Sustainability

Carbon emission ©

Figure 4: Schematic Representation on Switching Over to LarbGn Emission to Reach
Sustainability

3. Environmental Problems: In addition, the concrete itself faces some serious
environmental problems as given below:

* May need reinforcement from steel structures toeiase its tensile strength,
» Can experience salty deposits on top if the mixtar@ains soluble salts,

» Can require repairs over time,

e Can crack in cold temperatures,

* Restoration can be more labour-intensive,

* Requires professional installation to ensure stimattintegrity.

It is a time to monitor the above concrete relapgdblems which causes
environmental threatening and give a optimum soatde solution.

[I. SUSTAINABILITY AND ITS PRACTICES

1. Sustainable Engineering:lt is the engineering process of applying scientiffinciples
in order to design, create, build and use of mashand structures in a sustainable way.
This engineering process emphasis particularly @pecified knowledge and its own
problem-solving skills but at a rate that does aplete natural resources. It is insisted
that the implementation of sustainability is vemypiortant and it is much required at an
early stage of engineering process [10]. Amongvidwéous discipline, sustainability in
civil engineering insists to perform its enginegrimctivities without harming the
environmental resources. The sustainability inloangineering acts as a backbone in
project planning, management, and its executionckvhénsure that the particular
assignment is performed in an environmentally filgrmanner. The American Society
for Civil Engineers (ASCE) defines the sustaindpilias a set of economic,
environmental, and social conditions in which afl society has the capacity and
opportunity to maintain and improve its qualitylidé¢ indefinitely without degrading the
guantity, quality, or the availability of economienvironmental, and social resources
[11]. Finding a constructive solution for globaM@onmental challenges are associated to
the civil engineering process such as smarter wiapuidding innovative materials,
intelligent urbanization, and effective designirg.eThe commitment towards the above
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challenges requires civil engineers to understaedt accountability, the environmental
problems and actively practices sustainabilitynisvitable and has always been at the
forefront of innovation even in this modern era.

2. Sustainability Practices: The term sustainability in ‘Sustainability Pracgtdenotes the
ability to be developed by human society in ordemaintain the ecological balance of
the planet. The sustainability practices strongisommend the environmental, economic
and social aspects of human activities to be balhno order to attain the goal. The
sustainability practices can be achieved by eadlviolual by adopting better evolution
towards the environment and is referred as sudikrevelopment. It is very essential to
organise the principles that aims for sustainableetbpment by sustainable practices and
to keep the available natural resources for fufieneerations. There are different ways by
which the sustainable practices can be achievedfewdof them are listed as: (1)
Adopting renewable energy sources like solar, wiidd|, hydro power etc., (2) Adopting
3R principle (Reduce, Recycle and Reuse) efficeer(B) Preserving natural resources,
(4) Protecting biodiversity and eco-system, andR&)moting social justice and human
rights. Even though the above task is wide, tha afeivil engineering has an undeniable
responsibility to revolutionize them into chemichiplogical and structural innovations
[12]. There is a much skills needed in order taroje performance and the efficiency of
community systems such as the construction and temaince of buildings, roads,
railways, bridges, dams etc.

3. Sustainable Construction PracticesThe construction sector which accounts for the 7%
employability is the largest among the existing@excin all over the world. The standard
best practices to be followed in the constructientars for the better outcome of the
project are called as standard construction prextithe standard construction practices
largely involve more waste generation and causdisitipm to the environment. It is
because of heavy consumption of oil, water, chelsii&ectricity etc., It is to know that
sustainable construction practices which are eeodity and resources efficient method
of practices can be adopted to protect the ecasyated biodiversity. There is a much
need for sustainable construction practices to cavbe direct impact of standard
construction practices to the environment. It canaby better materials, process and a
system which can be implemented to improve thetoacison practices. Some of the best
practices are: (1) Risk management, (2) BenchmgyKi8) Supply chain management,
(4) Health and Safety, (5) Sustainable Constructidimong them, Sustainable
construction helps counter major world environmem@blems such as (i) Climate
change and (ii) Global warming. The alterationsthe Earth's climate, including
variations in temperature, precipitation patterzsgd extreme weather occurrences, are
collectively referred to as "climate change." Thernt “"global warming” refers
specifically to the rise in the planet's averagdase temperature due to the increase in
atmospheric concentration of greenhouse gases.dothte change and global warming
majorly attributed to the carbon emission to theiremment by direct and indirect
unsustainable sources. The emitted carbon trap freat sun and increases the
atmospheric temperature. The emitted carbon algsesaadverse effects like severe heat
waves, droughts, floods, and storms. One of thet wite things we can do now is to
slow down this catastrophic effect of carbon emissaand safeguard the earth for future.
There are several sustainable construction practiee be followed and main practices
are (Figure 5): (1) Smart designing and (2) Suatd&n materials. The smart designing
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involves adopting latest technologies to estimiagerequired materials for construction to
avoid excess wastage of materials, avoiding enkrgy by thermal insulation to avoid
energy demand, using smart materials to avoid durthnergy loss and designing
integrated systems to reduce overall foot printe Bhastainable materials involve using
locally available materials and reducing transpoxt to avoid its environmental impact,
recycling used building materials to avoid the \agst using renewable energy resources,
and designing materials to reduce toxic carbon sions. Environment friendly &
biological standards are now maintained in suskdneonstruction & it is a new concept
that emerged in the construction field in recerdadie.

lll. CRACKING AND THEIR HEALS

The major issue of concrete that affects constmcis cracking and it typically
brought by exposure to chemicals and water. It ldg@gesurface fractures because:

‘Materiuals

Figure 5: Schematic Representation on the Sustainable CatistmPractices

In comparison to other building materials, conereas a weak tensile strength [13].
Due to their ability to promote the movement ofulds and gases that could contain
hazardous substances, these cracks lessen thetesmdurability. It is reported that concrete
and the steel reinforcement bars will both be wahke to assault if microcracks deepen and
spread to the reinforcement. Therefore, it's ciuoi&keep the fracture from getting any wider
and to get it fixed as soon as possible. It wasaliered that the Romans used a unique type
of self-healing with lime mortar material [14]. &tlingite crystals formed along the
interfacial zones of Roman concrete, binding thgregate and mortar together, and this
process persisted even after 2000 years, the gsblbigrie Jackson and her colleagues
reported in 2014. Researchers have recently coadwctrelated long-term investigation on
structural changes in calcium aluminate silicatdrhie [15]. The first self-healing technique
was created by Carolyn M. Dry in the early 1990sgis design that permits the release of
repair chemicals from fibers embedded in a cemensitmatrix [5]. Since then, numerous
techniques to incorporate self-healing propertiesancrete have been developed by the
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research community. The two main types of selfihgadre (1) Autogenous (2) Autonomous
and are described in the following sections.

1. Autogenous Self-Healing [16]:The physico-mechanical performance of the comp®site
is influenced by autogenous healing of cementitimaderials, which also affects crack
self-closure. It is regarded as one of the primzayses for the significant stability of
historic structures and buildings. The French Acagleof Science first observed
autogenous self-healing in cement-based compositel336 when fissures in pipes,
water-retaining structures, etc. self-healed. i ¢arly 1900s, important theoretical and
experimental studies showed that autogenous salirige mechanisms are primarily
related to physico-mechanical, processes occuinisige the cementitious matrix used.
The carbonation of calcium hydroxide or the hydnatof clinker minerals may cause
cracks to finally fix. Numerous strategies haverbewestigated to improve autogenous
healing using chemicals including crystalline adwnigs, superabsorbent polymers, and
mineral admixtures. It is difficult to manage awtagus healing because it can only fix
small cracks and works best when there is watesepite Due to this limitation, it is
challenging to use this method of healing concrete.

2. Autonomous Self-Healing [17]:1t depends on modifying the concrete mix to prodace
self-healing process. The concrete might be alteiedallow for self-healing the
developed cracks. The autonomous self-healing #rat most common are: (1)
Microencapsulation, (2) Macroencapsulation, (3) cdar Healing. Despite the fact that
there is a wide variety of maximal crack widths etved are 10-100 m, occasionally up
to 200 m, but fewer than 300 m, self-healing ary snccessful for small fractures. They
are difficult to predict and regulate due to thfegquently erratic results and reliance on
numerous variables and causes. The most impodaturs are: 1) the concrete's age and
composition, 2) whether water is present or noty &h the width and shape of the
concrete fracture. The design of this self-heaBggtem take into account a number of
other factors, from system construction to integrgt mechanical characterisation,
triggering, and healing assessment.

IV. SELFHEALING BIO-CONCRETE

Limestone or Calcium carbonate (Caff©@an either be added to mix or chemically
produced inside the concrete matrix as a resulthefcarbonation of calcium hydroxide
minerals that already exist. This self-healing psscfound to be an effective, long-lasting
repairing and eco-friendly method. A strategy whictolves the formation of CaG(as a
consequence of microbial activity is reported. CaGsfhemically produced inside the
concrete matrix undergo densification by porerfdli Thus, CaC@aid in the self-healing of
cracks, and reducing their water permeability agstaring their mechanical strength [18].
The added or in-situ produced Ca&i® compatible with the current concrete composgio
Most bacteria can precipitate Cagfdom the solution if the conditions are favouraldter
the precipitation of bacterial CaGOthe carbonatogenesity of bacteria using different
metabolic pathways differs. Furthermore, numerousreal factors affect the effectiveness
of precipitation and produce different amounts afdC; resulting in the closure of cracks. It
is likely that healing proceeds more quickly in atwdry environment. Additionally, the
fracture width plays a critical role in acceleratiand improving biological activity-based
healing.
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V. LIVING CONCRETE

As the name indicates, the concrete heals ornsefiaicrack autonomously by living
bacteria [19]. In general, there are two ingredightat makes a major difference between
concrete and living concrete (Table 1). Concreteasnly made up of cement, gravel, sand,
and water, whereas living concrete contains bactanid gelatin in addition to the cement
ingredients. Living concrete seals its cracks amtbver the mechanical structures of the
elements with the help of live bacteria. This itiestvise called as self-healing or self-
repairing concrete. The pros and cons of the pdaticoncrete is as follows:

Table 1: Comparison on Cement with its Composites

Properties Cement Concrete Living Concrete
Cement with
Key Calcined lime and clay| crushed Cement with crushed stones,
components stones, gravel, gravel, sand, bacteria, gelatin
sand & water. | and water.
Durability Less on its own High Depends on humid conditions.
Maintenance Not applicable Required Sel_f-repalr causes low
maintenance
. Affordable and widely Affordablg Less affordable and not
Affordability and  widely|
used widely used
used
Used in roads), -
. L Basement, tunnel lining,
Usage Not on its own buildings and . .
highway bridges and more.
more
Sustainability | No Somewhat |y .
Yes

1. Bacteria Heals Cracks:Researchers are working to create self-healingretmaising a
mixture that contains bacteria in tiny capsuled.[20hen water enters a concrete crack,
this will germinate and seal the crack with limestdoefore water and oxygen have an
opportunity to damage the steel reinforcement. &ebers developed a self — healing
bacteria-based cement using a carrier materiake,Hee carrier material support bacteria
and preserve its activity over a long period ofeint was noted that this self — healing
system helps in 41dm sized crack closure in 28 days [21]. The bacteh&h are used
in the living concrete is called Synechococcus [ZR”}is bacterium comes under the
criteria of Cyanobacteria. It gains its energy tlylo the process of photosynthesis. In this
process, it absorbs carbon dioxide, sunlight, amdesother nutrients in the presence of
chlorophyll and releases calcium carbonate and exyBecause of the chlorophyll, they
are green in color and lack a membrane-bound nsickesl a result, they are sometimes
referred to as green algae. Cyanobacteria mayv&without vitamins and are tolerant of
severe environments. They divide by a process krasmMpinary fission, in which one cell
divides into two as the chromosomes separate. ddnsrete which heals or repairs the
developed cracks is known for its sustainabilityrability and long-lasting life time of
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the concrete. Although bacteria based concretllisnsthe early phases of development,
its applications seem promising.

2. Bricks Alive: The photosynthetic bacteria ‘Synechococcus’ needamtain in humidity
surroundings to live and to generate the brickseurige given condition. A recent study
discovered that bacteria can be utilized to martufacconcrete in a more sustainable
manner, leading to the creation of living concrétere to make bricks alive, the bacteria
were mixed with sand, gelatin, and nutrients inigtune by the researchers. The mixture
was then put into a mold. The bacteria begin itddgical activity and created calcium
carbonate around the sand particles. After that,flind was cooled, which caused the
gelatin to solidify into a gel. The gel was subsatly dried out, turning it into a sturdy
polymer that could support weights. According te thsearchers, if these live bricks are
split in half and given additional sand and moisfuhey will fuse together to form two
full bricks. After three generations, an experimextealed that they could produce eight
bricks from a single parent brick. There is a neéghotosynthetic bacteria to alive for
the generation of new bricks. Research on the dpwetnt, characterisation, and
application of a biocomposite that may produce megative structures grown on
feedstocks is reported [23].

3. Low Carbon Designer: There is a need to design urban projects in ordeattain
sustainability by reducing carbon emission in thenstruction sector. Low carbon
designer is a particular construction method thabiiporates eco-friendly and energy-
efficient material and methods. This design includeing cautious while choosing a
project, locations, designs, materials, methodsrmaathtenance. Living concrete can act
as a low-carbon designer in construction sectots RBecause, the concrete doesn't emit
carbon dioxide; instead, it absorbs it and releasegen, making it a novel idea to
protect the environment [Figure 6]. But concreteases carbon to the environment. By
replacing concrete by Living concrete, the congitonc sectors responsibility for the
ozone hole can be transferred.

4. The Challenges Behind Living ConcreteThe concrete must be properly dried in order
to reach its maximal strength. As a result, bag®@bility to survive must be put at risk.
Since humid climates are not present everywhetbdarworld, this concrete's application
IS not universal.

Concrete

Figure 6: Schematic Representation on ‘Living Concrete’ dsoiv Carbon Designer
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Although the living substance has been comparedotwrete, its qualities are
more like those of mortar, which is not as duraddeconcrete. There is much studies
required to overcome the challenges behind livimgceete in order to use it widely. If the
challenges overcome, the market will be expanded assult of increased large-scale
infrastructure investment and growing internatioc@peration on infrastructure projects
for long-term objectives [25].

5. Future of Construction in Mars: The bricks made up of living concrete show
advantages such as regeneration. The added bawargrow in the concrete mixture and
resulted into doubled within seven days. The exptakproduction of bricks is possible
from the original by living concrete methods. Thmwae nature of concrete can be used to
build in areas with a limited supply of resourcas;ch as deserts or other places like Mars
[25]. If the concrete is not completely dried oile living concrete keeps growing. We
can make more concrete from the present concretsirbgly adding some sand and
nutrients. Various research on concrete on Marschvishows the possibilities, and
challenges is studied [26]. A study on constructaterial as a possible resource for
extreme environment like ‘Mars’ is studied by resbars. It shows that the Living
concrete can be a future structural material forsMexploration for its living [27].
However, there is much studies and exploration ee&ed know the usage of living
concrete in Mars.

VI. CONCLUSION

The chapter dealt with understanding the impogaot developing a construction
practice, which is the road map for attaining aanable future. It is understood that there is
a need of redefining the inevitable componentsrb&n infrastructure such as cement and its
composite concrete by eco-friendly ‘Living conctetewas found that a bacteria behind the
concept of ‘Living concrete’ to make bricks to sk#al in a sustainable way. The bacteria
might help in growing bricks and much more can beedwith Living concrete in future.
This concrete which heals the developed cracksdayeba is known for its sustainability,
durability and long-lasting life time of the contaelt has been shown that Living concrete
acts as a low carbon designer & it is a new contlggitemerged as the future of sustainable
construction practices. The challenges behind usiegLiving concrete must be addressed
and will be helpful in construction and maintenaseetor in near future.
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