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Abstract:

Due to poor strength and hardness, low tensile strength, and inadequate cracking resistance, conventional concrete has recently posed a significant
barrier  to  the  modernization  of  the  structural  sector.  To  solve  these  issues,  researchers  investigated  and  found  ways  of  implementing
nanotechnology in concrete production. Nano concrete can be produced by incorporating nanomaterials in the concrete mix. This concrete type can
also be reinforced by incorporating hybrid fibers and nanofibers. This review paper conducted an in-depth study on two types of nanomaterials that
could be used in the production of nano concrete. Additionally, hybrid fibers were used to strengthen nano concrete. The objective of this paper
was to identify some nanomaterials used in the production of nano concrete. Even though this unique hybrid material has been the subject of
several investigations, there have only been a few reviews on its production procedures, effectiveness, and performance of this type of concrete. To
identify these nanomaterials, their potential, and their properties, a review method was used to study previous works of some researchers and
scientists on related and similar works. Some properties of these nanomaterials were discussed in this paper. Summarizing and concluding the
research works of previous authors and this current study, it was found that nano concrete has better properties compared to normal conventional
concrete. However, there are some limitations associated with the uses and applications of these nanomaterials in concrete for mass production. By
tracking the beginning and spread of cracks, it was discovered that mixing various fiber types into a concrete mix enhances the cementitious
matrix's strength qualities. The mechanical and toughness characteristics of fiber-reinforced concrete mixtures may be significantly improved by
incorporating composites hybrid fiber composites that utilize the synergistic impact of nano- and micro-additives.
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1. INTRODUCTION
Among  the  most  crucial  concerns  for  structural

engineering  in  both  present  and  future  projects,  structural
safety  against  loads  is  one  of  them.  The  current  legislation
clearly outlines the construction and design processes for new
structures,  but  there  are  several  challenges  in  assuring  the
safety of old structures, along with unspecified characteristics,
significant uncertainties, various construction techniques, and
economics.

The most common material used in structural construction
is  concrete.  It  is  a  highly  homogenous  substance  made  of
water, finely ground cement, and a range of sized particles, and
it  also  has  inherent  chemical,  mechanical,  and  physical
qualities.  Calcium  silicate  hydrate,  which  gives  concrete  its
strength and other mechanical qualities, and other byproducts,
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such as calcium hydroxide, are created by adding cement and
water. Due to the widespread availability and benefits in terms
of  the  cost  of  normal  concrete  (NC),  it  has  been  utilized
extensively in civil engineering constructions. Low elongation,
brittle  behavior,  and  vulnerability  to  crack  opening  and
propagation are only a few of NC's drawbacks. Thus, this gap
severely  constrains  the  range  of  its  applicability.  Structural
components  with  superior  mechanical  qualities  and  longer
service lives are needed for today's concrete constructions. This
may be accomplished by giving the concrete better mechanical
qualities  by  adding  nanostructured  components.  The  present
trend  in  concrete  technology  development  emphasizes  the
endurance  of  the  severe  environment  as  well  as  the
characteristics, destructive capabilities, and intensity [1 - 3].

The  construction  industry  is  facing  several  significant
challenges, including one of the most important ones, which is
sustainability.  Nanotechnology  is  developed  because  of  the
high demand for the use of materials that have a lower negative
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impact  on  the  environment  [4].  Compared  with  traditional
materials,  nanotechnology  has  the  potential  to  result  in  the
production of materials that feature a significantly larger and
more  extensive  specific  area  as  well  as  superior  mechanical
and durability properties [5 - 7].

Two  types  of  classifications  can  be  applied  to
nanomaterials: pozzolanic nanomaterials, which include nano
alumina,  nano  silica,  and  nano  clay  [8],  and  fibrous
nanomaterials,  which  include  carbon  nanofibers  and  carbon
nanotubes  [9].  When  combined  with  calcium  hydroxide,  all
pozzolanic materials are considered to be capable of producing
high  pozzolanic  reactions,  which  leads  to  the  formation  of
further hydrated calcium silicate gel. Due to this, the technical
properties  of  the  concrete  have  the  potential  to  be  enhanced
[10].

The  introduction  of  nanotechnology  to  concrete
construction  has  the  potential  to  increase  tensile  stability,
mechanical  strength,  and  durability  while  lowering
maintenance  costs  and  obviating  the  need  for  immediate
replacement.  Sooner  or  later,  better  methods  for  developing
novel  materials  and  enhancing  living  conditions  will  be
identified  with  the  aid  of  a  better  understanding  of  the
properties  of  nanomaterials.

Since  the  turn  of  the  millennium,  there  has  been  an
increase in demand for  ultra-high strength concrete (UHPC),
which has necessitated the creation of cement nanocomposites
or nano-concrete. Nanomaterials have the potential to alter the
cement matrix's nanostructure and enhance bulk properties at
the  nanoscale  because  of  their  incredibly  small  size.  By
sharpening the intersection zone in the concrete and densifying
the  structure,  nanoparticles  can  have  a  filling  effect.
Furthermore, the advantages of concrete materials, such as low
tensile  strength,  modulus  of  elasticity  and  significant
shrinkage,  can  be  addressed  by  the  superior  mechanical
properties of nanomaterials. However, the use of nanomaterials
in  the  construction  industry  is  still  constrained  by  their  high
cost and handling challenges.

In the building sector, the use of nanomaterials in concrete

is becoming more popular. Due to the pore-filling properties of
nanomaterials,  studies  have  shown  that  concrete  containing
nanoparticles exhibits increased strength, durability, and pore
reduction  in  concrete.  Additionally,  the  steel  reinforcement's
resistance  to  corrosion  is  increased  as  a  result.  Therefore,
nanomaterials  help  extend  a  building's  lifespan.  Large-scale
cement usage raises CO2  emissions, which, in turn, increases
the  greenhouse  effect.  To  lower  the  cement  content  of  the
concrete mix, nanomaterials are used. One of the most amazing
developments in concrete technology over the past ten years is
the use of nanomaterials. Nanomaterials' unique qualities can
significantly increase the level of concrete structure quality and
expand  the  material's  potential  uses.  There  are  numerous
applications for nanomaterials worldwide, and this number is
constantly  growing.  Nanomaterials  are  purposefully  created
and  designed  with  specific  shapes,  sizes,  and  surface  finish
characteristics.

Nano cements are made with Portland cement particles that
are not greater than 100 nanometers. The voids in the concrete
are  filled  with  these  tiny  particles,  which  strengthen  the
concrete. By reducing the void space between the cement and
the aggregate in the hardened concrete, superfine particles in
Portland cement paste that are added to a concrete mix using
the  top-down  approach  to  nanotechnology  alter  the  material
properties and performance of the concrete.

In this article, we examined some nanomaterials that could
be used to make nano-concrete.  The nanomaterials that  were
investigated  are  nanosilica  (Fig.  1)  and  carbon  nanotubes
(CNTs)  (Fig.  2).  The  properties  of  these  nanomaterials  are
listed  in  Table  1.  These  nano-concrete  materials  have  the
potential to improve the thermal and mechanical properties of
buildings,  which  will  ultimately  result  in  increasing  the
buildings' tensile strength, durability, shrinkage, and adhesion
to reinforcing materials. Due to this, the concrete industry may
be  able  to  reduce  its  overall  costs  and  its  rate  of  energy
consumption. Concrete composites with superior properties can
be produced by incorporating nanomaterials into the mixture
[12].

Fig. (1). Nano silica powder [11].
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Table 1. Types of nanomaterials and their properties.

Nanomaterials Properties
Nano silica (nano-SiO2)

To increase compressive strength, nano-silica granules are crushed and added to the concrete. The fine size fills
the spaces between the aggregate particles and cement. Second, as pozzolanic acid and CH combine to form
CSH gel, the bond quality is enhanced, and the capillary porosity of the concrete is decreased. High-purity
amorphous silica powder makes up nano-SiO2, a white, fluffy powder. Nano-SiO2 has the benefits of a large
specific surface area, strong surface adsorption, large surface energy, high chemical purity, and good dispersion
due to its small particle size. Nano-SiO2 can be divided into hydrophilic and hydrophobic varieties based on their
varying hydrophilicity. The nano SiO2 used in the concrete is primarily hydrophilic and has good dispersion [12].

Carbon nanotube (CNT)
i. CNT aspect ratio.
ii. CNTs have a very high tensile strength.
iii. CNTs are very flexible: they can be bent significantly without damage.
iv. CNTs have a low coefficient of thermal expansion.
v. CNTs are good electronic field emitters.
vi. CNTs are as rigid as a diamond (the hardest natural material in nature).
vii. The gravitational weight of the nanotube is very low.
viii. The density of CNTs is a quarter of that of steel.
ix. CNTs are stronger than steel. They have exceptional mechanical properties. CNTs are ten times stronger than
steel.
x. CNTs have a high heat capacity. In general, they are twenty times stronger than steel. Therefore, when heated,
they do not expand like steel. Therefore, CNTs are used in making bridges and aircraft equipment.
xi. In CNTs, each carbon atom is surrounded by three other carbon atoms through covalent bonds. These carbon-
carbon covalent bonds form lattices in the shape of hexagons.
xii. The crystalline structure of CNTs exists in the form of regular hexagons.
xiii. CNTs are elastic with ~18% elongation at break.
xiv. CNTs are good conductors of heat.
xv. CNTs have good electrical conductivity.
xvi. The modulus of elasticity is high. The modulus of elasticity of CNTs is about 1 terapascal, which makes
them ten times stronger than steel.
xvii. CNTs are chemically neutral. So, they are chemically stable. Therefore, CNTs are resistant to corrosion.

Fig.  (2).  LSchematic  structure  and  TEM  images  of  single-wall  carbon  nanotube  (SWCNT)  and  multi-wall  carbon  nanotube  (MWCNT).  (A)
Schematic structure of SWCNT and (B) MWCNT. The transmission electron microscope (TEM) images of a (C) SWCNT and (D) MWCNT [13 -
15].
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Concrete has a reputation for being a brittle material.  To
find a solution to this issue, a significant amount of research
has been carried out. Many researchers have suggested the use
of dispersed fiber reinforcement as a solution to the problem of
brittleness in concrete. However, additional research has shown
that the implementation of nanotechnology in the production of
concrete would be a significant step forward in improving the
mechanical properties of concrete and resolving the issues that
are  currently  plaguing  the  material.  In  some  countries,  the
concept  of  nano  concrete  has  not  yet  been  introduced.
Therefore, the purpose of this paper is to review the previous
works  that  have  been  done  on  nano  concrete  to  identify  the
positive  impacts  as  well  as  the  challenges  posed  by  the
materials  that  are  used  in  the  production  of  nano  concrete,
which is also known as nanomaterials. The individual effects of
these nanomaterials in nano concrete needed to be analysed for
a better understanding so that people from all over the world
could  comprehend  the  reasons  why  nano  concrete  is  distinct
from regular conventional concrete.

2. NANO MATERIALS FOR NANO CONCRETE

2.1. Carbon Nanotubes (CNTs)

Due to their distinctive mechanical, electrical, and thermal
properties,  carbon  nanotubes  (CNTs)  are  one  of  the  most
popular  nanomaterials  used  as  fiber  reinforcements  to  create
multifunctional composites with different novel characteristics
[16, 17]. In comparison to nanocarbon fibers, it has also been
claimed that nano cement and CNTs can enhance the properties
of  concrete.  CNTs have  high yield  strength,  tensile  strength,
and modulus of elasticity. These characteristics make CNTs an
intriguing concrete reinforcement material.  The development
of  reinforced  structural  concrete  using  CNTs  is  an  excellent
opportunity provided by the special properties of CNTs [18].
The literature has investigated the addition of CNTs to concrete
mixes and repair mixes [19, 20]. Due to their capacity to stop
the  development  of  microcracks  in  the  cementitious  matrix,
CNTs  enhance  cementitious  composites  under  tension  [21].

The  strongest  fibers  of  any  material  to  date,  CNTs  are  an
intriguing  candidate  for  the  upcoming  wave  of  high-
performance  structural  composites  [22].  First,  compared  to
other  fibers,  CNTs  are  much  stronger,  which  increases  the
overall strength of concrete. Second, compared to other fibers,
CNTs  have  a  significantly  higher  aspect  ratio,  necessitating
more  energy  for  crack  propagation.  Third,  because  of  their
nanoscale  size,  CNTs  can  be  widely  distributed  in  the
cementitious  matrix  with  much  closer  spacing  than
conventional fibers because they are the same thickness as the
layers  of  hydrated  calcium  silicate  in  hydrated  cement.  In
cement-CNT composites, crack bridging has been observed in
laboratory  tests  [23].  A  study  [23]  employed  finite  element
modeling  to  assess  the  modulus  of  elasticity  of  composites
made  of  single-wall  CNT  reinforcement.  Pressure-sensitive
characteristics and microstructure of cement composites were
reinforced with CNTs [22].

When  using  CNTs  in  cement-based  materials,  a  uniform
CNT  distribution  is  essential  [24].  The  high  van  der  Waals
force, large surface area, and easy agglomeration of CNT make
uniform dispersion in cement-based materials challenging. To
achieve uniform distribution in the cementitious matrix, CNT
dispersion is defined as the separation of a single multi-walled
CNT  from  its  backfill  body  and  the  maintenance  of  the
separated multi-walled CNT [25]. There are two main types of
diffusion techniques that researchers have proposed. Physical
techniques,  such  as  ultrasound,  mechanical  stirring,  and  ball
milling, are examples of the first strategy. To overcome the van
der Waals interaction, ultrasound provides energy. Ball milling,
which includes manual and magnetic stirring and is typically
combined with the ultrasonic method [26], can disperse the van
der Waals-induced agglomeration of carbon nanotubes, but it
will decrease CNT proportions and diminish their contribution
to the matrix. The second type involves a chemical process that
increases  the  wettability  of  the  CNT  surface  by  typically
adding covalent or non-covalent bonds as well as hydroxyl and
carboxyl functional groups [27].  Fig.  (3)  depicts a schematic
process for dry mixing and ball milling.

Fig. (3). The procedure of CNT dispersion: (A) dry mixing, (B) ball milling [28].
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Fig. (4). Schematic diagram of nano-silica modified by polycarboxylate superplasticizer [31].

2.2. Nano Silica (Nano-SiO2)

The  spherical  particles  in  nano-SiO2  are  man-made  and
range  in  size  from  1  to  50  nm.  Their  strong  pozzolanic
reactivity and filling and seeding effects have drawn a lot  of
attention. Nano-SiO2 is superior to all other nanomaterials that
can  be  used  in  cementitious  materials  [29].  A  non-toxic,
flavorless,  and inorganic chemical  substance is  nano-SiO2.  It
has a spherical, flaky, net-like quasiparticle structure. Both the
structural and molecular formulas are SiO2, and they are both
insoluble  in  water  [30].  A  core-shell  structure  is  created  by
stable  chemical  bonds  being  formed  with  the  hydrocarbon
groups  on  the  nano-SiO2  surface  (Fig.  4)  [31].

When using nano-silica, it is important to understand that
the  material  has  a  high  surface  area  and,  as  a  result,  a  high
surface energy, which leads to particle agglomeration. The two
most  common  forms  of  nano-silica  are  solid  (powder)  and
suspension  (nano-silica  hydrolat).  Since  nano-silica  powder
agglomerates  naturally,  nano-silica  hydrolates  are  typically
preferred [32, 33]. However, several authors have claimed that
silica sols lose their stability and coagulate at high pH values,
such  as  in  cementitious  media  (due  to  van  der  Waals's
attractive forces) [34, 35]. As a result, when it comes to nano
silica  in  cementitious  materials,  the  main  effects  of  the
nanomaterial  on  the  fresh  and  solidified  properties  of  the
concrete,  such  as  pozzolanic  activity,  filling,  and  nucleation
effects,  are  controlled  by  the  behavior  of  the  final  silica
agglomerate  [36].

Fresh  and  hardened  concrete's  properties  are  enhanced
using  nano-silica.  The  cement  is  more  effectively  hydrated
when  nano-silica  is  added  to  concrete  and  mortar  [37].
Additional calcium silicate hydrates are formed because of the

pozzolanic  activity  to  produce  more  force  and  lower  free
calcium  hydroxide  [38,  39].  The  nano-silica  improves  the
microstructure  and  lowers  the  water  permeability  of  the
concrete, increasing its durability and assisting in the reduction
of  the  need  for  cement  [40  -  42].  It  is  possible  to  produce
concretes with strengths up to 100 MPa, high workability, anti-
bleeding  characteristics,  and  quick  demolding  times.  The
addition  of  nano-silica  to  eco-concrete  mixtures  is  possible.
Numerous  studies  have  been  conducted  on  the  use  of  nano-
silica in cementitious materials [43, 44]. According to the study
[45,  46],  nano-silica  particles  increased  the  stiffness  and
strength  of  an  epoxy  resin.

2.3. Hybrid Fiber

The  failure  of  cementitious  materials  at  relatively  low
loads is a common multiscale process that affects the long-term
durability  of  structures  because  cementitious  materials  are
typically very brittle and have low tensile strength and stress
capacity [47].

Wide  attention  has  been  given  to  fiber  reinforcement,
which  is  now  recognized  as  a  common  technique  for
strengthening  concrete  [48,  49].  The  need  for  new  concrete
with  excellent  performance  has  increased  with  the
advancement of construction technology. Therefore, finding a
method  to  enhance  the  mechanical  properties  of  concrete  is
crucial.

Concrete  is  a  dense  material  with  a  low  degree  of
elongation. Concrete's brittleness and short crack retention time
are  two  issues  that  could  be  resolved  by  reinforcing  the
concrete  with  small,  randomly  placed  fibers.  Utilizing  fibers
with  various  sizes  and  moduli  has  improved  the  mechanical
properties  of  cementitious  composites.  Additionally,  it  has
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been demonstrated that the use of hybridization enhances the
mechanical performance of high-performance, fiber-reinforced,
extruded cement composites.

The addition of two or more different types of fibers used
as secondary reinforcement in the concrete matrix is known as
hybrid fiber concrete (HFRC). Due to the ability to utilize the
potential properties of the other fiber more effectively due to
the  presence  of  one  fiber,  these  hybrid  fiber  composites  can
offer  more  intriguing  technical  characteristics.  The  final
performance of the system typically depends on these bindings
because numerous experimental studies have demonstrated that
improper  binding  between  FRP  and  concrete  is  the  primary
reason  for  the  failure  of  FRP-reinforced  concrete  structures
[50].

The most cost-effective way to reduce the total volume of
concrete  and  the  quantity  of  steel  needed  for  a  confined
structural  member  is  to  use  natural  hybrid  fiber-reinforced
concrete  (NHRFC).  By  reducing  crack  growth  and  boosting
flexural  strength,  ductility,  and  energy  absorption  capacity,
hybrid  fibers  help  concrete  achieve  better  tensile  properties.
Various  fibers,  including  synthetic,  metallic,  glass,  lathe,
polymeric, mineral, and naturally occurring fibers, have been
used in concrete. Of these, natural fibers (coir and human hair)
are  the  most  affordable  and  widely  accessible.  The  hybrid
composite  can  offer  more  desirable  engineering  properties
because the presence of  one fiber  enables the more effective
utilization of the potential properties of the other fiber, as has
recently  been  demonstrated  by  numerous  researchers  who
investigated  the  mechanical  properties  of  the  hybrid  concept
with  two  different  fibers  incorporated  in  a  common  cement
matrix.

Studies  have  emphasized  the  significance  of  increasing
concrete  strength  [51].  It  was  reported  that  using  fiber  in
concrete  will  be  a  successful  method  of  filling  the  void  and
fortifying the concrete.

Due to its extremely low tensile strength, nano concrete is
like  NC  [52,  53].  However,  by  limiting  crack  propagation,
microscale  strengthening  of  cementitious  composites  can
significantly increase the material's  toughness [54,  55].  Steel
fibers (SF) are added to nano concrete to enhance some of its
properties and help promote the advantages of SF concrete [56,
57]. The characteristics of SF nano concrete are based on the
interaction  between  SF  and  concrete.  Understanding  this
interaction  will  allow  us  to  assess  the  concrete's  quality,
consider the contribution of SF, and forecast the steel SF nano
concrete's mechanical properties [58].

A brand-new field of study in concrete has been developed
due to the development of nanoscale fibers. Recently, there has
been a lot  of  interest  in the creation of  hybrid fiber  systems,
which  combine  two  or  more  types  of  fibers,  in  the  field  of
fiber-reinforced concrete (FRC). The efficient use of fibers to
impart  the  best  performance  qualities  of  each  constituent  of
fiber to the composite material is made possible by hybrid fiber
systems [59]. The benefits of using hybrid systems of micro-
and  macro-fibers  or  various  types  of  microfibers  have  also

been  highlighted  by  recent  developments  in  fiber-reinforced
composites [60, 61]. The advantages of using hybrid fibers are
due  to  the  multiscale  structure  of  concrete,  which  includes
micron  and  submicron  scale  hydration  products,  millimeter-
scale  sand,  non-hydrated  cement  granules,  and  (if  gravel  is
used as aggregate) centimeter scale temperature variations. At
both micro and macro levels, the addition of fibers of various
sizes enhances the properties of the composites. At the micro
level,  the  fibers  prevent  cracks  from  forming  and  spreading
[62,  63].  Using  a  single  type  or  size  of  fiber  may  slow  the
spread of microcracks, but it does not prevent their emergence
[64, 65].

To  provide  nanoscale  reinforcement  and  successfully
bridge  nano  cracks  during  loading  and  load  transfer,  several
attempts have been made to incorporate nanoscale fibers into
cementitious  composites  [66,  67].  As  higher  stresses  are
needed to form a crack when nanoscale fibers are present, the
cementitious matrix's low ft is improved. Nanoscale fibers can
delay the initiation of nanoscale cracks [68].

Cracks  in  cementitious  materials  begin  at  the  nanoscale,
and microfibers are unable to stop cracking at this level [69].
Carbon  nanofilaments  can  inhibit  cracking  and  delay  the
process of fracture. It was demonstrated by Yu et al. [21] that
the mechanical strength of cementitious composites could be
significantly  improved  by  combining  cementitious  materials
with carbon-based nano additives [70, 71].

Peled  et  al.  [72]  and  Cyr  [73]  investigated  the  effect  of
combining low-modulus polypropylene (PP) microfibers with
high-strength,  high-modulus  glass  microfibers  or  polyvinyl
alcohol  (PVA) in extruded composites.  They discovered that
by  incorporating  PVA  microfibers  into  the  glass/PP  hybrid
composite,  both  the  composite's  strength  and  its  toughness
were significantly increased [74,  75].  Researchers  reinforced
concrete and mortar with steel microfibers and PVA. As they
increased the composite's ductility, the microfibers improved
the  post-peak  performance  of  the  material.  The  microfibers
added to the composite material made them more robust. The
hybrid reinforced composite was stronger than both the single
reinforced  composite  as  well  as  any  other  hybrid  reinforced
composite. So far, all efforts have been concentrated on the use
of microfibers combined with other microfibers.

3.  CHARACTERISTICS  AND  PROPERTIES  OF  THE
CONCRETE

Researchers  from  the  United  States  and  other  countries
typically use the Vicat method needle to determine the setting
time of their experiments. Depending on the type of concrete,
the initial  setting time was approximately 4-7 hours,  and the
final  setting  time  was  approximately  6-10  hours.  In
comparison, the incorporation of nano-SiO2  into the concrete
resulted in a reduction in the amount of time required for it to
set  [76].  Ltifi  et  al.  also  discovered  a  similar  rule  [77].  The
deterioration  of  concrete  that  is  caused  by  calcium  leaching
into  the  water  can  be  stopped  by  adding  nano-silica  to  the
concrete [78].
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Fig. (5). Illustration of the filling effect of nano-silica agglomerates (A). The smaller agglomerates function as fillers, releasing free water into the
space, which helps to improve the fluidity of the dough. (B). Larger agglomerates are incapable of functioning as fillers, and they tend to repel
particles that are located near them, which increases the amount of vacant space. (C). The extremely large agglomerates take up some of the free
water that was initially helping the paste maintain its flowability (figure based on KONG et al. [36]).

It has been suggested by several authors that the addition
of  nano-silica  to  cement-based  materials  results  in  an
appreciable  rise  in  the  quantity  of  water  that  is  essential  to
produce asphalt mixes [79, 80]. The high specific surface area
of  silica  nanoparticles,  which  leads  to  agglomeration,  is
thought  to  be  the  cause  of  this  phenomenon.  If  all  the
agglomerates  are  small  and  act  as  fillers  to  fill  the  space
between the cement particles, then it is possible that nano-silica
could theoretically improve the fluidity of the paste. However,
this  outcome  is  dependent  on  the  size  of  the  agglomerate.
However,  the  number  of  large  nano-silica  agglomerates  is
typically indicative, as this characteristic tends to repel cement
particles around it and increase the amount of void space [36,
81]. Very large nano-silica agglomerates can soak up some of
the free water that is initially contributing to the fluidity of the
dough  [34,  36,  82].  This  water  does  not  contribute  to  the
flowability  because  it  is  unable  to  escape  the  pores  of  the
agglomerates where it is trapped [83]. As a direct consequence
of this, the mixture's torque and viscosity both increase and the
cement paste's workability suffer significantly [84, 85]. These
three possible outcomes are depicted in Fig. (5).

The  reduction  in  paste  fluidity  that  results  from  the
incorporation of nano-silica into cementitious materials can be
quantified using the concept of the slump value [63, 80, 86].
According  to  Berra  et  al.  [86],  using  a  relatively  low
percentage of superplasticizers can bring the slump to a level
that is more manageable and acceptable. The quantity of flow
agent that must be used is determined by the number of nano-
silicas  that  have  been  incorporated  [87,  88]  as  well  as  their
surface areas [89].

Slump is one of the important indices used to measure the
liquefaction  performance  of  concrete  [90].  It  is  the  average
diameter of the concrete after the standard slump cone has been
loosened. According to research [79, 91], the slump value of
nano silica-modified concrete is between 80 mm and 100 mm,
which  is  between 40  and  60  percent  lower  than  the  value  of

conventional  concrete.  Throughout  the  setting  test,  it  was
noticed that the freshly mixed concrete exuded trace amounts
of  moisture  [92,  93].  When  the  cement  was  removed  and
replaced with  nano-SiO2,  the  nano-SiO2  demonstrated  a  very
high reaction capacity because of its large specific surface area
and  many  unsaturated  bonds.  This  makes  it  easier  for  water
molecules in the surrounding area to be attracted to it and form
chemical  bonds.  Due  to  this,  no  water  segregation  and  no
apparent  exudation  coming  from  the  mixture  containing  the
nano-SiO2 were reported [94, 95].

As a result  of the loss of water,  cement joints frequently
experience a phenomenon known as shrinkage. The formation
of  cracks  is  a  direct  consequence  of  shrinkage,  which  also
weakens the aggregates' ability to adhere to one another. The
incorporation of nano-SiO2 was found to improve the shrinkage
of  lightweight  aggregate  concrete  (LWAC),  particularly  the
subsequent  shrinkage  of  LWAC,  according  to  the  research
conducted by Wang et al. [96]. Li et al. [76] investigated the
degree to which different cement pastes shrank and discovered
that  the  degree  to  which  the  cement  shrank  increased  as  the
setting time of the cement increased. After 28 days, the cement
paste experienced a shrinkage of between 0.28% to 0.70%. The
progression  of  damage  in  a  woven  carbon  fiber/epoxy
composite  was  investigated  throughout  the  work  [97].  The
most  important  discovery  was  that  CNTs  have  an  inhibiting
effect on the formation of transverse cracks.

Said et al. [10] used colorimetry to determine the depth of
chloride ion penetration in concrete and found that the depth of
chloride ion penetration in concrete containing 6% nano-SiO2

was less than the depth of chloride ion penetration in concrete
that did not contain nano-SiO2. As another point of interest, the
charge,  and the physical  penetration depth both decreased as
the silica content increased. The penetration depth of concrete
that  had  a  nano-SiO2  content  of  3.8%  was  less  than  5
millimeters when subjected to a pressure of 0.5 megapascals.
The total porosity of the concrete did not change significantly,

 

a.  

 

b.  

 

c.  
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but  nano-SiO2  reduced  the  size  of  the  larger  pores  in  the
concrete,  which  resulted  in  a  significant  increase  in  the
permeability  of  the  concrete.  This  suggests  that  nano-silica-
modified  concrete  has  a  significant  amount  of  untapped
potential  in  terms  of  enhancing  permeability  resistance  [98].
After a short period of curing time, the pore size in the concrete
reduced,  resulting  in  a  decrease  in  the  concrete's  porosity.  It
occurred  when  nano-SiO2  and  fly  ash  were  mixed  into  fresh
concrete at the same time. One of the reasons could be the high
activity and nucleation of nano-SiO2  promoted by fly ash, as
well  as  secondary  hydration.  The  filling  effect  of  nano-SiO2

and fly ash could be another reason. In addition, research has
shown that as the curing time for concrete samples increases,
the pore size of all types of concrete samples decreases [99]. It
was discovered through testing the durability of concrete with
nano-SiO2 content of 0.3% and 0.9% and found that low-dose
nano-SiO2 could also provide excellent waterproofing. This is
because small doses of nano-SiO2 are easier to disperse [100].
Researchers [101] found that nano-silica in its colloidal state
improved  the  durability  of  concrete  more  effectively  than
micron-silica.

Less amount of CNT in concrete improves mechanical and
durability properties [102, 103].  CNTs strongly reinforce the
cementitious matrix and hydration products and fill nanopores
[104, 105]. This leads to an improvement in the impermeability
of concrete and controls the propagation of cracks in concrete
[106,  107].  CNTs  are  useful  in  resisting  crack  propagation,
where they act at the nanoscale at micro and nano levels [108,
109]. They are used as fillers of pores and voids, resulting in
denser  reinforcement,  in  addition  to  a  strong  bridging  effect
that helps inhibit crack propagation and delay crack formation
[110].

As  a  cementitious  composite,  concrete  possesses  a
sophisticated binding system that is scientifically referred to as

hydrated calcium silicate (C-S-H). There is a lot of untapped
potential in cement-based concrete-CNT composites, and there
is currently research being done to investigate the mechanical
performance  of  cement-CNT  composites.  According  to  the
research  [111],  the  utilization  of  CNTs  results  in  an
improvement  in  the  mechanical  properties  of  concrete.  The
mechanical  properties  of  CNTs  have  sparked  significant
interest  in  the  possibility  of  utilizing  them  as  a  structural
material, and it is anticipated that this will lead to significant
advancements in the fields of construction design and materials
[112, 113]. The mechanical properties of multi-walled carbon
nanotubes  (MWCNTs)  were  investigated  in  the  study  [114],
which led to an increase in Young's modulus, tensile strength,
and elongation at break. According to the findings of the study
[115],  rigid  nanoparticles  were  found  to  have  apparent
enhancing  effects  on  the  responses  of  compression  and
bending.

The  impact  of  utilizing  modified  CNTs  to  lessen  the
occurrence of bond slippage has been investigated [116, 117].
The  results  of  the  experiments  showed that  the  use  of  CNT-
modified epoxy resin improved bond strength and ultimate slip,
as well as affected epoxy type, fiberboard type, the bond length
of  fiber-reinforced  polymer  (FRP),  and  FRP  bond  width.  In
addition,  the  results  showed  that  the  use  of  CNT-modified
epoxy resin affected the epoxy type.

In concrete, the incorporation of nano-silica densifies the
interface  transition  zone  (ITZ)  between  aggregates  and  bulk
cement  paste.  This  leads  to  an  improvement  in  both
compressive strength and tensile strength [10, 118 - 121]. The
ITZ scheme is depicted in both conventional concrete (Fig. 6)
and  nanotechnologically  produced  concretes  (Fig.  6).
Particularly  noteworthy  is  the  fact  that  the  nano  concrete
possesses  a  denser  ITZ  along  with  a  greater  number  of
hydration  products.

Fig. (6). Schematic diagram of the hydration process of conventional and nanoengineered concrete (illustration is based on LIU et al. [122]).
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The use of nano-silica in a mixture of paste,  mortar,  and
concrete significantly improves the mechanical properties and
durability  of  concrete  [96,  123]  and  reduces  the  porosity
between  cement  particles.  Nano-silica  can  improve  the
compressive  strength,  flexural  strength,  and  durability  of
cementitious materials. The effect of the addition of nano-silica
on the mechanical properties of cementitious materials depends
on many factors, such as the dosage and the specific surface of
the nanomaterial [124] as well as the water/binder ratio (w/ b)
ratio, curing conditions, curing age and superplasticizer content
[125].

Research [126]  reported that  cementitious foam concrete
reinforced  with  single  wall  CNTs  demonstrated  up  to  70%
increase  in  compressive  strength.  It  was  also  reported  that
when CNTs are present  in the matrix,  the thermal expansion
coefficient  decreases  by  32%,  and  the  mode  1  fracture
toughness also increases significantly by more than 80% [127].

The introduction of nano-silica into FRC contributes to the
compressive  strength  development  of  the  composite.  In  this
case,  the  use  of  fibers,  such  as  polypropylene  fiber,
macropolymer  fiber,  steel  fiber,  glass  fiber,  basalt  fiber,  and
mineral fibers, is reported [82, 128 - 131]. Atewi et al. [129]
reported that improvements in compressive strength and split
tensile strength were found in up to 4% of nano silica and 1.5%
of  glass  fibers  in  self-compacting  concrete.  A  34%
improvement  in  split  tensile  strength  was  observed  by  the
authors within 90 days, compared to that of normal concrete.
According  to  Mobini  et  al.  [87],  the  addition  of  nano-silica
with a specific surface area of 200 m2/g in a high-performance
fiber-reinforced concrete (FRHPC) with 1% steel fiber led to
the development of a denser ITZ between the matrix and the
fibers and thus a tight bond was achieved between them. As a
result, both the tensile strength and flexural strength of FRHPC
were increased.

4.  DISCUSSION  ON  THE  OVERALL  TOPIC  FOR
SCIENTIFIC VIEW

The  incorporation  of  CNTs  into  conventional  cement-
based concrete is still in the preliminary exploration and basic
research phase. Nevertheless, the potential of CNTs to improve
the  mechanical  properties  of  conventional  concrete  is
promising.  Most  published  research  has  focused  on  cement
composites reinforced with single-wall  CNTs (SWNTs).  The
synthesis process of SWNTs is much more complex than that
of  multi-walled  CNTs  (MWNTs),  and  hence  the  cost  of
SWNTs is  much higher than that  of MWNTs. Moreover,  the
dispersion of SWNTs is more difficult to achieve than that of
MWNTs. However, the mechanical properties of MWNT, such
as  compressive  and  tensile  strength,  are  almost  the  same  as
those  of  SWNT.  Therefore,  MWNT  has  more  potential  than
SWNT in the construction industry due to its  lower cost  and
simpler manufacturing process.

Nano-silica  is  the  most  abundant  material  that  makes  up
the  earth.  It  has  the  chemical  composition  of  SiO2,  which
resembles  a  diamond  structure.  It  is  a  white,  crystalline
material. Nano-silica is one of the most used nanoparticles in
concrete. It is a new pozzolanic material that exists in water in
solid or liquid form. In the concrete industry, nano-silica is one

of  the  best-known materials  that  determine the  viscosity  and
fill level of the concrete.

4.1.  Limitations  of  CNTs  Application  in  Cementitious
Materials

CNTs do not have the same level of widespread adoption
in the construction industry as other polymer composites even
though  they  have  the  potential  to  improve  a  variety  of
properties of cement-based materials. It is speculated that this
is due to the high cost as well as the difficulty of achieving a
non-homogeneous  distribution  within  the  cement  matrix.  As
was  discussed  earlier  in  this  article,  proper  dispersion  is
essential to the functioning of cement nanocomposites, whereas
improper  dispersion  can  be  detrimental  to  the  mechanical
properties  of  the  material  by  causing  the  formation  of
unwarranted voids. In addition, the alkaline environment that is
present  in  the  cementitious  matrix  has  the  potential  to  bring
about  secondary  agglomeration  of  CNTs,  which  will  make
dispersion even more challenging. The prohibitively expensive
nature of nanomaterials is yet another barrier that prevents their
widespread  implementation  in  the  building  industry.  The
insight  gained  from  the  efficient  utilization  of  microfiber
reinforcements  serves  as  the  inspiration  for  the  preliminary
plan  to  incorporate  CNTs  into  cement-based  material.
Furthermore,  the  number  of  carbon  nanotubes  used  is
equivalent to between 0.5 and 1.5% of the total [132, 133].

4.2. Limitations of Nano Silica Application in Cementitious
Materials

Nano silica is carcinogenic. As some nations import nano-
silica to use in the concrete industry [134], the disadvantages of
high  cost  and  scarcity  in  certain  regions  of  the  world  are
unrelated  to  the  demand  for  the  material.  One  of  the  most
obvious disadvantages of the nano-silica that is currently in the
market is that it comes at a relatively high cost. Therefore, even
though  it  has  a  very  positive  influence  on  the  properties  of
concrete, its use in bulk concrete products is severely restricted
due to economic factors.

5. IMPACT OF NANOMATERIAL-MODIFIED CONCR-
ETE ON SUSTAINABLE DEVELOPMENT

Only  the  transportation  and  agricultural  industries  have
higher annual greenhouse gas emissions, making construction a
very large global industry with a high environmental impact.
With  the  adoption  of  new  materials  and  methods,  many
influential  players in the construction sector are promoting a
more sustainable future.

The sustainable construction movement presents a number
of opportunities for nanotechnology, and numerous businesses
are starting to use the cutting-edge properties of nanomaterials
to  create  a  construction  that  is  cleaner  and  more  energy
efficient.  However,  nanotechnology  has  not  yet  had  a  big
impact  on  the  construction  industry.

Fly  ash,  slags,  and  other  industrial  waste  products  have
long been used as fillers in the manufacture of cement. These
materials  have  frequently  shown  improved  mechanical
properties, better abrasion resistance, and other advantages, in
addition  to  offering  a  good  way  to  reuse  this  high-volume
waste.
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Table 2. Nanomaterials used in construction materials [135].

Application Area Nanoparticle Type Major Applications

Construction

Concrete Silica nanoparticles • Reinforcement in mechanical strength
• Rapid hydration

Concrete Titania nanoparticles • Increased degree of hydration
• Self-cleaning

Concrete Carbon nanotubes • Mechanical durability
• Crack prevention

Asphalt concrete and Timber Aluminium oxide nanoparticles • Increased serviceability
Bricks mortar Clay nanoparticles • Increased compressive strength

• Increased surface roughness
Concrete Iron oxide nanoparticles • Increased compressive strength

• Abrasion-resistant
Steel Copper nanoparticles • Weldability

• Corrosion resistance; Formability
Asphalt concrete Zycosoil • Increased fatigue life

• Higher compaction

In  particular,  the  dependence on particle  size  that  comes
into play with nanomaterials can have a significant impact on
the bulk properties of the material. These properties are at least
in part  attributable to the nanoscale nature of the particles in
the ash and slag. According to research, it is possible to create
materials  with  useful  properties  by  carefully  regulating  the
composition  and  particle  size  of  nanoadditives  for  cement.
Table  2  lists  a  few  uses  for  nanoparticles  in  the  building
industry.

During  the  manufacturing  process  for  cement,  numerous
toxic and harmful gases are released into the atmosphere. Some
examples  of  these  gases  include  carbon  dioxide,  nitrogen
oxides,  and  sulfur  oxides.  Carbon  dioxide  is  the  primary
contributor to the phenomenon known as the greenhouse effect.
Considering  this,  sustainable  development  in  the  cement
industry  has  emerged  as  an  emerging  topic  of  study  in  the
recent  few  years.  Shen  et  al.  [136]  noted  that  more
environmentally friendly production, recycling, and the use of
alternatives to cement are effective ways to address the issues
that  exist  today.  The  first  two  are  primarily  concerned  with
enhancing  production  process  technology,  fully  recovering  a
variety  of  waste  materials,  increasing  resource  and  energy
utilization  efficiency,  and  reducing  emissions  of  greenhouse
gases. Cement replacement primarily refers to the practice of
reducing cement consumption through the utilization of a wide
variety  of  industrial  wastes  as  well  as  newly  developed
materials  that  are  friendly  to  the  environment.

In recent years, nanomaterials have emerged as a credible
alternative  to  cement,  which  has  led  to  their  increased  use.
There  are  a  wide  variety  of  nanomaterials,  each  of  which  is
produced  using  a  distinctive  approach.  The  manufacturing
processes that are currently in use for nanomaterials have not
contributed significantly to carbon emissions. For instance, the
methods used in the production of nano-silica include the solid
phase method, which is prepared by the physical method, the
liquid phase method, which includes the chemical precipitation
method and the solution gel method, and the gas phase method,
which includes  the  chemical  vapor  deposition  method [137].
When the chemicals  are manufactured,  there is  no release of
carbon dioxide into the atmosphere.

The  initial  and  final  setting  times  of  cement  mortar

containing nano-silica were found to decrease with an increase
in  the  replacement  percentage.  The  use  of  nano-silica  in
concrete  reduces  CO2  emission.

CONCLUSION

From  the  literature  review  carried  out  in  this  work,  the
following conclusions can be drawn:

1.  Nano-SiO2  has  a  large  specific  surface  area  due  to  its
small  particle  size.  During  the  mixing  of  concrete,  many
unsaturated  bonds  promote  nano-SiO2  to  absorb  more  water
molecules, leading to a decrease in concrete collapse.

2. When nano-SiO2 is used to replace part of the cement,
the  high  activity  of  nano-SiO2  helps  promote  the  hydration
reaction of concrete, which shortens the setting time of nano-
SiO2.

3. When used correctly, adding nano-silica to cementitious
materials helps refine the pores, which, in turn, reduces water
absorption and porosity. Therefore, it improves the resistance
to the penetration of aggressive ions into the concrete, such as
sulfate  and  chloride  ions,  which  ultimately  contributes  to  an
increase in the composite's durability.

4.  On  the  one  hand,  nano-SiO2  promotes  the  hydration
degree  of  concrete,  causing  the  concrete  matrix  to  produce
more C-S-H gel, which fills the pores in the concrete matrix.
On the other hand, the inactive nano-SiO2 plays a filling role.
By  these  two  aspects,  the  nano-SiO2  makes  it  possible  to
reduce  the  porous  volume  and  make  the  concrete  more
compact. Therefore, nano-SiO2-modified concrete has excellent
durability.

5.  The  mechanical  properties  of  nano-silica  cement
materials directly depend on the amount of nanomaterial used
and its specific surface area.

6.  Using  natural  hybrid  fibers  in  concrete  as  a  source  of
material  can  be  economical,  environmentally  friendly,  and
recyclable.  Natural  hybrid  fibers  have  the  highest  cellulose
content.  The  properties  are  suitable  for  their  application  to
building and construction materials.

7. Adding nano-silica and CNT in concrete improves the
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performance of durability characteristics.

8. The water absorption and absorption results show that
the decrease in permeability is due to the filling effect of nano
silica and CNT.

Nanoconcrete is the solution to many of the difficulties that
are  encountered  when  constructing  with  concrete.  The
components that are required to make this variety of concrete
can  be  manufactured  in  substantial  quantities  so  that  it  is
simple  to  acquire  them.  It  has  been  observed  that  the  use  of
nano-basalt  fiber  in a  hybrid format for  the reinforcement of
nano concrete has not been investigated or the investigation is
scarce;  consequently,  this  aspect  of  hybrid  fiber  reinforced
nano  concrete  should  be  investigated  appropriately.  As  the
construction industry transitions to a more sustainable future,
nanotechnology has much to offer.

LIST OF ABBREVIATIONS

NC = Normal Concrete

UHPC = Ultra-high Strength Concrete

MWNTs = Multi-walled CNTs

CONSENT FOR PUBLICATION

Not applicable.

AVAILABILITY OF DATA AND MATERIALS

The data supporting the findings of the article is available
in the body of the manuscript.

FUNDING

None.

CONFLICT OF INTEREST

The  authors  declare  no  conflict  of  interest,  financial  or
otherwise.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

W.  Li,  L.  Xiao,  X.  Wang,  and  Y.  Ran,  "A  review  of  mechanical[1]
properties and durability of nano-concrete", Proceedings of the 2017
7th International Conference on Advanced Design and Manufacturing
Engineering (ICADME 2017), 2017.
[http://dx.doi.org/10.2991/icadme-17.2017.2]
P.S. Surendra, Advances in Using Nano Materials in Construction.,[2]
Hong Kong Concrete Institute: Hong Kong, 2017.
M. Jafarbeglou, and A.A. Ramezanianpour, "Nanoscience and Nano[3]
Engineering  in  Concrete  Advances,  A  Review",  Int.  J.  Nanosci.
Nanotechnol., vol. 11, no. 4, pp. 263-273, 2015.
M.S.  El-Feky,  A.  El-Tair,  M.  Kohail,  and  M.I.  Serag,  "Nano-[4]
Fibrillated Cellulose as a Green Alternative to Carbon Nanotubes in
Nano Reinforced Cement Composites", Int. J. Innov. Technol. Explor.
Eng., vol. 8, no. 12, pp. 484-491, 2019.
[http://dx.doi.org/10.35940/ijitee.L3377.1081219]
A.M. Rashad, A synopsis about the effect of nano-Al2O3, nano-Fe2O3,[5]
nano-Fe3O4  and  nano-clay  on  some  properties  of  cementitious
materials  –  A  short  guide  for  Civil  Engineer,  2013.
[http://dx.doi.org/10.1016/j.matdes.2013.05.035]
A.M. Rashad, "Effects of ZnO2, ZrO2, Cu2O3, CuO, CaCO3, SF, FA,[6]
cement  and  geothermal  silica  waste  nanoparticles  on  properties  of
cementitious materials – A short  guide for Civil  Engineer",  Constr.
Build. Mater., vol. 48, pp. 1120-1133, 2013.

[http://dx.doi.org/10.1016/j.conbuildmat.2013.06.083]
A.M. Rashad, "A comprehensive overview about the effect of nano-[7]
SiO2  on  some  properties  of  traditional  cementitious  materials  and
alkali-activated fly ash", Constr. Build. Mater., vol. 52, pp. 437-464,
2014.
[http://dx.doi.org/10.1016/j.conbuildmat.2013.10.101]
F.A.  Shilar,  S.V.  Ganachari,  V.B.  Patil,  T.M.Y.  Khan,  N.M.[8]
Almakayeel, and S. Alghamdi, "Review on the relationship between
nano  modifications  of  geopolymer  concrete  and  their  structural
characteristics",  Polymers  (Basel),  vol.  14,  no.  7,  p.  1421,  2022.
[http://dx.doi.org/10.3390/polym14071421] [PMID: 35406294]
A.M. Rashad, "Effect of carbon nanotubes (CNTs) on the properties of[9]
traditional cementitious materials", Constr. Build. Mater., vol. 153, pp.
81-101, 2017.
[http://dx.doi.org/10.1016/j.conbuildmat.2017.07.089]
A.M. Said, M.S. Zeidan, M.T. Bassuoni, and Y. Tian, "Properties of[10]
concrete incorporating nano-silica", Constr. Build. Mater., vol. 36, pp.
838-844, 2012.
[http://dx.doi.org/10.1016/j.conbuildmat.2012.06.044]
Nano  silica  powder.  Available  from:[11]
https://www.fiberregion.in/nano-silica-powder.html
C.  Zhuang,  and  Y.  Chen,  "The  effect  of  nano-SiO2  on  concrete[12]
properties: a review", Nanotechnol. Rev., vol. 8, no. 1, pp. 562-572,
2019.
[http://dx.doi.org/10.1515/ntrev-2019-0050]
Schematic  structure  of  SWNT.  Generic,  Available  from:[13]
https://www.google.com/search?rlz=1C1JJTC_enPK1039PK1039&q
The  transmission  electron  microscope  (TEM)  images  of  a  SWNT,[14]
Available  from:
https://www.google.com/search?rlz=1C1JJTC_enPK1039PK1039&q
The  transmission  electron  microscope  (TEM)  images  of  a  MWNT,[15]
Avaialble  from:
https://www.google.com/search?rlz=1C1JJTC_enPK1039PK1039&q
A.  Sedaghatdoost,  and  K.  Behfarnia,  "Mechanical  properties  of[16]
Portland cement mortar containing multi-walled carbon nanotubes at
elevated temperatures", Constr. Build. Mater., vol. 176, pp. 482-489,
2018.
[http://dx.doi.org/10.1016/j.conbuildmat.2018.05.095]
A. Carriço, J.A. Bogas, A. Hawreen, and M. Guedes, "Durability of[17]
multi-walled  carbon  nanotube  reinforced  concrete",  Constr.  Build.
Mater., vol. 164, pp. 121-133, 2018.
[http://dx.doi.org/10.1016/j.conbuildmat.2017.12.221]
K.  Sobolev,  "Modern  developments  related  to  nanotechnology  and[18]
nanoengineering of concrete", Front. Struct. Civ. Eng., vol. 10, no. 2,
pp. 131-141, 2016.
[http://dx.doi.org/10.1007/s11709-016-0343-0]
A. Hassan, "Use of carbon nanotubes in the retrofitting of reinforced[19]
concrete beams with an opening and the effect of direct fire on their
behaviour",  International  Journal  of  GEOMATE,  vol.  14,  no.  44,
2018.
[http://dx.doi.org/10.21660/2018.44.01175]
H.  Elkady,  and  A.  Hassan,  "Assessment  of  high  thermal  effects  on[20]
Carbon Nanotube (Cnt)- reinforced concrete", Sci. Rep., vol. 8, no. 1,
p. 11243, 2018.
[http://dx.doi.org/10.1038/s41598-018-29663-5] [PMID: 30050106]
Y.  Hu,  D.  Luo,  P.  Li,  Q.  Li,  and  G.  Sun,  "Fracture  toughness[21]
enhancement of cement paste with multi-walled carbon nanotubes",
Constr. Build. Mater., vol. 70, pp. 332-338, 2014.
[http://dx.doi.org/10.1016/j.conbuildmat.2014.07.077]
G.Y. Li, P.M. Wang, and X. Zhao, "Pressure-sensitive properties and[22]
microstructure  of  carbon  nanotube  reinforced  cement  composites",
Cement Concr. Compos., vol. 29, no. 5, pp. 377-382, 2007.
[http://dx.doi.org/10.1016/j.cemconcomp.2006.12.011]
G. Rouainia, and K. Djeghaba, "Evaluation of Young’s Modulus of[23]
single  walled  carbon  nanotube  (SWNT)  reinforced  concrete
composite", J. Eng. Appl. Sci. (Asian Res. Publ. Netw.), vol. 3, no. 6,
pp. 504-515, 2008.
L. Assi, A. Alsalman, D. Bianco, P. Ziehl, J. El-Khatib, M. Bayat, and[24]
F.H. Hussein, "Multiwall carbon nanotubes (MWCNTs) dispersion &
mechanical effects in OPC mortar & paste: A review", J. Build. Eng.,
vol. 43, 2021.102512
[http://dx.doi.org/10.1016/j.jobe.2021.102512]
L. Vaisman, H.D. Wagner, and G. Marom, "The role of surfactants in[25]
dispersion  of  carbon  nanotubes",  Adv.  Colloid  Interface  Sci.,  vol.
128-130, pp. 37-46, 2006.
[http://dx.doi.org/10.1016/j.cis.2006.11.007] [PMID: 17222381]
F.  Ubertini,  A.L.  Materazzi,  A.  D’Alessandro,  and  S.  Laflamme,[26]

http://dx.doi.org/10.2991/icadme-17.2017.2
http://dx.doi.org/10.35940/ijitee.L3377.1081219
http://dx.doi.org/10.1016/j.matdes.2013.05.035
http://dx.doi.org/10.1016/j.conbuildmat.2013.06.083
http://dx.doi.org/10.1016/j.conbuildmat.2013.10.101
http://dx.doi.org/10.3390/polym14071421
http://www.ncbi.nlm.nih.gov/pubmed/35406294
http://dx.doi.org/10.1016/j.conbuildmat.2017.07.089
http://dx.doi.org/10.1016/j.conbuildmat.2012.06.044
https://www.fiberregion.in/nano-silica-powder.html
http://dx.doi.org/10.1515/ntrev-2019-0050
https://www.google.com/search?rlz=1C1JJTC_enPK1039PK1039&q
https://www.google.com/search?rlz=1C1JJTC_enPK1039PK1039&q
https://www.google.com/search?rlz=1C1JJTC_enPK1039PK1039&q
http://dx.doi.org/10.1016/j.conbuildmat.2018.05.095
http://dx.doi.org/10.1016/j.conbuildmat.2017.12.221
http://dx.doi.org/10.1007/s11709-016-0343-0
http://dx.doi.org/10.21660/2018.44.01175
http://dx.doi.org/10.1038/s41598-018-29663-5
http://www.ncbi.nlm.nih.gov/pubmed/30050106
http://dx.doi.org/10.1016/j.conbuildmat.2014.07.077
http://dx.doi.org/10.1016/j.cemconcomp.2006.12.011
http://dx.doi.org/10.1016/j.jobe.2021.102512
http://dx.doi.org/10.1016/j.cis.2006.11.007
http://www.ncbi.nlm.nih.gov/pubmed/17222381


12   The Open Construction & Building Technology Journal, 2023, Volume 17 Chiadighikaobi et al.

"Natural frequencies identification of a reinforced concrete beam using
carbon  nanotube  cement-based  sensors",  Eng.  Struct.,  vol.  60,  pp.
265-275, 2014.
[http://dx.doi.org/10.1016/j.engstruct.2013.12.036]
Y. Li, H. Li, Z. Wang, and C. Jin, "Effect and mechanism analysis of[27]
functionalized multi-walled carbon nanotubes (MWCNTs) on C-S-H
gel", Cement Concr. Res., vol. 128, 2020.105955
[http://dx.doi.org/10.1016/j.cemconres.2019.105955]
K. Cui, J. Chang, L. Feo, C.L. Chow, and D. Lau, "Developments and[28]
applications of carbon nanotube reinforced cement-based composites
as functional building materials", Front. Mater., vol. 9, 2022.861646
[http://dx.doi.org/10.3389/fmats.2022.861646]
L.P.  Singh,  S.R. Karade,  S.K. Bhattacharyya,  M.M. Yousuf,  and S.[29]
Ahalawat, "Beneficial role of nanosilica in cement based materials – A
review", Constr. Build. Mater., vol. 47, pp. 1069-1077, 2013.
[http://dx.doi.org/10.1016/j.conbuildmat.2013.05.052]
J. Xiaoyang, and L. Xia, Progress in application and preparation of[30]
nano-silica microspheres, 2011.
P.  Feng,  H.  Chang,  X.  Liu,  S.  Ye,  X.  Shu,  and  Q.  Ran,  "The[31]
significance  of  dispersion  of  nano-SiO2  on  early  age  hydration  of
cement pastes", Mater. Des., vol. 186, 2020.108320
[http://dx.doi.org/10.1016/j.matdes.2019.108320]
P.  Niewiadomski,  A.  Ćwirzeń,  and  J.  Hoła,  "The  influence  of  an[32]
additive  in  the  form  of  selected  nanoparticles  on  the  physical  and
mechanical  characteristics  of  self-compacting  concrete",  Procedia
Eng., vol. 111, pp. 601-606, 2015.
[http://dx.doi.org/10.1016/j.proeng.2015.07.052]
C.K.  Mahapatra,  and  S.V.  Barai,  "Temperature  impact  on  residual[33]
properties of self-compacting based hybrid fiber reinforced concrete
with fly ash and colloidal nano silica", Constr. Build. Mater., vol. 198,
pp. 120-132, 2019.
[http://dx.doi.org/10.1016/j.conbuildmat.2018.11.155]
H. Madani, A. Bagheri, and T. Parhizkar, "The pozzolanic reactivity of[34]
monodispersed  nanosilica  hydrosols  and  their  influence  on  the
hydration  characteristics  of  Portland  cement",  Cement  Concr.  Res.,
vol. 42, no. 12, pp. 1563-1570, 2012.
[http://dx.doi.org/10.1016/j.cemconres.2012.09.004]
D. Kong, D.J.  Corr,  P.  Hou, Y. Yang, and S.P.  Shah,  "Influence of[35]
colloidal silica sol on fresh properties of cement paste as compared to
nano-silica  powder  with  agglomerates  in  micron-scale",  Cement
Concr.  Compos.,  vol.  63,  pp.  30-41,  2015.
[http://dx.doi.org/10.1016/j.cemconcomp.2015.08.002]
D. Kong, X. Du, S. Wei, H. Zhang, Y. Yang, and S.P. Shah, "Influence[36]
of nano-silica agglomeration on microstructure and properties of the
hardened cement-based materials", Constr. Build. Mater., vol. 37, pp.
707-715, 2012.
[http://dx.doi.org/10.1016/j.conbuildmat.2012.08.006]
H. Li, H. Xiao, J. Yuan, and J. Ou, "Microstructure of cement mortar[37]
with  nano-particles",  Compos.,  Part  B  Eng.,  vol.  35,  no.  2,  pp.
185-189, 2004.
[http://dx.doi.org/10.1016/S1359-8368(03)00052-0]
P.  Mondal,  S.P.  Shah,  L.D.  Marks,  and  J.J.  Gaitero,  "Comparative[38]
study of the effects of microsilica and nanosilica in concrete", Transp.
Res. Rec., vol. 2141, no. 1, pp. 6-9, 2010.
[http://dx.doi.org/10.3141/2141-02]
T.M. Mendes, W.L. Repette, and P.J. Reis, "Effects of nano-silica on[39]
mechanical performance and microstructure of ultra-high performance
concrete", Ceramica, vol. 63, no. 367, pp. 387-394, 2017.
[http://dx.doi.org/10.1590/0366-69132017633672037]
L. Senff, J.A. Labrincha, V.M. Ferreira, D. Hotza, and W.L. Repette,[40]
"Effect  of  nano-silica  on  rheology  and  fresh  properties  of  cement
pastes  and  mortars",  Constr.  Build.  Mater.,  vol.  23,  no.  7,  pp.
2487-2491,  2009.
[http://dx.doi.org/10.1016/j.conbuildmat.2009.02.005]
S.  Li,  and  T.  Xu,  "Effect  of  nanosilica  on  the  fresh  properties  of[41]
cement-based  grouting  material  in  the  portland-sulphoaluminate
composite system", Adv. Mater. Sci. Eng., vol. 2016, pp. 1-10, 2016.
[http://dx.doi.org/10.1155/2016/2707465]
A.  Kumar,  and  G.  Singh,  "Effect  of  nano  silica  on  the  fresh  and[42]
hardened properties of cement mortar", Int. J. Appl. Eng. Res., vol. 13,
no. 13, pp. 11183-11188, 2018.
W. Zeng, Y. Zhao, H. Zheng, and C. Poon, "Improvement in corrosion[43]
resistance of  recycled aggregate  concrete  by nano silica  suspension
modification on recycled aggregates", Cement Concr. Compos., vol.
106, 2020.103476
[http://dx.doi.org/10.1016/j.cemconcomp.2019.103476]
Y.  Yue,  Y.  Zhou,  F.  Xing,  G.  Gong,  B.  Hu,  and  M.  Guo,  "An[44]

industrial  applicable  method  to  improve  the  properties  of  recycled
aggregate concrete by incorporating nano-silica and micro-CaCO3", J.
Clean. Prod., vol. 259, 2020.120920
[http://dx.doi.org/10.1016/j.jclepro.2020.120920]
P. Rosso, L. Ye, K. Friedrich, and S. Sprenger, "A toughened epoxy[45]
resin by silica nanoparticle reinforcement", J. Appl. Polym. Sci., vol.
100, no. 3, pp. 1849-1855, 2006.
[http://dx.doi.org/10.1002/app.22805]
J.L. Tsai, and Y.L. Cheng, "Investigating silica nanoparticle effect on[46]
dynamic and quasi-static compressive strengths of glass fiber/epoxy
nanocomposites", J. Compos. Mater., vol. 43, no. 25, pp. 3143-3155,
2009.
[http://dx.doi.org/10.1177/0021998309345317]
V.C.  Li,  and  H.C.  Wu,  "Conditions  for  pseudo  strain-hardening  in[47]
fiber reinforced brittle matrix composites", Appl. Mech. Rev., vol. 45,
no. 8, pp. 390-398, 1992.
[http://dx.doi.org/10.1115/1.3119767]
V.  Afroughsabet,  and T.  Ozbakkaloglu,  "Mechanical  and durability[48]
properties  of  high-strength  concrete  containing  steel  and
polypropylene fibers", Constr. Build. Mater., vol. 94, pp. 73-82, 2015.
[http://dx.doi.org/10.1016/j.conbuildmat.2015.06.051]
A.M. Rashad, "A synopsis about the effect of basalt and natural fibers[49]
on  geopolymer  properties",  Natural  Resources  Conservation  and
Research, vol. 1, 2018.
[http://dx.doi.org/10.24294/nrcr.v1i2.752]
K.  Nakaba,  T.  Kanakubo,  T.  Furuta,  and  H.  Yoshizawa,  "Bond[50]
Behavior  between  Fiber-Reinforced  Polymer  Laminates  and
Concrete",  ACI  Struct.  J.,  vol.  98,  no.  3,  2001.
[http://dx.doi.org/10.14359/10224]
K.H. Yang, "Slump and Mechanical Properties of Hybrid Steel-PVA[51]
Fiber Reinforced Concrete", Journal of the Korea Concrete Institute,
vol. 22, no. 5, pp. 651-658, 2010.
[http://dx.doi.org/10.4334/JKCI.2010.22.5.651]
R. Sakthivel,  and N. Balasundaram, "Experimental  investigation on[52]
behaviour of nano concrete", Int. J. Civil Engin. Technol., vol. 7, no. 2,
pp. 315-320, 2016.
Y.Z. Yan, Z.M. Su, and L. Wu, "Research on Mechanical Properties of[53]
NanoConcrete", Adv. Mat. Res., vol. 628, pp. 50-54, 2013.
D.Y. Yoo, H.O. Shin, J.M. Yang, and Y.S. Yoon, "Material and bond[54]
properties  of  ultra  high  performance  fiber  reinforced  concrete  with
micro steel fibers", Compos., Part B Eng., vol. 58, pp. 122-133, 2014.
[http://dx.doi.org/10.1016/j.compositesb.2013.10.081]
C.X. Qian, and P. Stroeven, "Development of hybrid polypropylene-[55]
steel fibre-reinforced concrete", Cement Concr. Res., vol. 30, no. 1, pp.
63-69, 2000.
[http://dx.doi.org/10.1016/S0008-8846(99)00202-1]
C.  Li,  and  T.W.  Chou,  "Modeling  of  damage  sensing  in  fiber[56]
composites using carbon nanotube networks", Compos. Sci. Technol.,
vol. 68, no. 15-16, pp. 3373-3379, 2008.
[http://dx.doi.org/10.1016/j.compscitech.2008.09.025]
L.  T.  Q.  Khai,  and  D.  T.  M.  Dung,  Stress-strain  in  multi-layer[57]
reinforced  concrete  doubly  curved  shell  roof.Int.  J.  Innovative
Technol.  Exploring  Engin,  vol.  8.  2019,  no.  4S2,  pp.  419-424.
M.D.  Do  Thi,  and  K.L.T.  Quang,  "Analysis  of  risk  problems  in[58]
construction by R software", Int. J. Eng. Adv. Technol., vol. 8, no. 5,
pp. 1872-1875, 2019.
J.S. Lawler, "Hybrid Fiber-Reinforced in Mortar and Concrete, PhD[59]
thesis, Northwestern University, Evanston, IL",
N.  Banthia,  and  V.  Bindiganavile,  "Performance  synergy  in  hybrid[60]
fiber reinforced concrete under impact", J. Front. Construct. Engin.,
vol. 2, pp. 75-82, 2013.
M.A. Yusof,  N. Mohamad Nor,  A. Ismail,  N. Choy Peng, R. Mohd[61]
Sohaimi,  and  M.A.  Yahya,  "Performance  of  Hybrid  Steel  Fibers
Reinforced Concrete Subjected to Air Blast Loading", Adv. Mater. Sci.
Eng., vol. 2013, pp. 1-7, 2013.
[http://dx.doi.org/10.1155/2013/420136]
N.  Banthia,  and  M.  Sappakittipakorn,  "Toughness  enhancement  in[62]
steel  fiber reinforced concrete through fiber hybridization",  Cement
Concr. Res., vol. 37, no. 9, pp. 1366-1372, 2007.
[http://dx.doi.org/10.1016/j.cemconres.2007.05.005]
S.P. Shah, and P.N. Balaguru, Fiber-Reinforced Cement Composites.,[63]
McGraw-Hill Inc.: New York, 1992, p. 530.
L.  Ahmed  Sbia,  A.  Peyvandi,  P.  Soroushian,  J.  Lu,  and  A.M.[64]
Balachandra,  "Enhancement  of  Ultrahigh  Performance  Concrete
Material Properties with Carbon Nanofiber", Adv. Civ. Eng., vol. 2014,
pp. 1-10, 2014.
[http://dx.doi.org/10.1155/2014/854729]

http://dx.doi.org/10.1016/j.engstruct.2013.12.036
http://dx.doi.org/10.1016/j.cemconres.2019.105955
http://dx.doi.org/10.3389/fmats.2022.861646
http://dx.doi.org/10.1016/j.conbuildmat.2013.05.052
http://dx.doi.org/10.1016/j.matdes.2019.108320
http://dx.doi.org/10.1016/j.proeng.2015.07.052
http://dx.doi.org/10.1016/j.conbuildmat.2018.11.155
http://dx.doi.org/10.1016/j.cemconres.2012.09.004
http://dx.doi.org/10.1016/j.cemconcomp.2015.08.002
http://dx.doi.org/10.1016/j.conbuildmat.2012.08.006
http://dx.doi.org/10.1016/S1359-8368(03)00052-0
http://dx.doi.org/10.3141/2141-02
http://dx.doi.org/10.1590/0366-69132017633672037
http://dx.doi.org/10.1016/j.conbuildmat.2009.02.005
http://dx.doi.org/10.1155/2016/2707465
http://dx.doi.org/10.1016/j.cemconcomp.2019.103476
http://dx.doi.org/10.1016/j.jclepro.2020.120920
http://dx.doi.org/10.1002/app.22805
http://dx.doi.org/10.1177/0021998309345317
http://dx.doi.org/10.1115/1.3119767
http://dx.doi.org/10.1016/j.conbuildmat.2015.06.051
http://dx.doi.org/10.24294/nrcr.v1i2.752
http://dx.doi.org/10.14359/10224
http://dx.doi.org/10.4334/JKCI.2010.22.5.651
http://dx.doi.org/10.1016/j.compositesb.2013.10.081
http://dx.doi.org/10.1016/S0008-8846(99)00202-1
http://dx.doi.org/10.1016/j.compscitech.2008.09.025
http://dx.doi.org/10.1155/2013/420136
http://dx.doi.org/10.1016/j.cemconres.2007.05.005
http://dx.doi.org/10.1155/2014/854729


Mechanical Characteristics of Nano Concrete The Open Construction & Building Technology Journal, 2023, Volume 17   13

Z.S.  Metaxa,  M.S.  Konsta-Gdoutos,  and  S.P.  Shah,  "Carbon[65]
Nanofiber–Reinforced Cement-Based Materials",  Transp.  Res.  Rec.,
vol. 2142, no. 1, pp. 114-118, 2010.
[http://dx.doi.org/10.3141/2142-17]
R. Siddique, and A. Mehta, "Effect of carbon nanotubes on properties[66]
of cement mortars", Constr. Build. Mater., vol. 50, pp. 116-129, 2014.
[http://dx.doi.org/10.1016/j.conbuildmat.2013.09.019]
A.I. Ashour, Aspect ratio effect of functionalized/non-functionalized[67]
multiwalled  carbon  nanotubes  on  the  mechanical  properties  of
cementitious  materials.  Available  from:  http://hdl
.handle.net/1969.1/ETD-TAMU-2011-08-10197
B.  Han,  X.  Yu,  and  J.  Ou,  Multifunctional  and  Smart  Carbon[68]
Nanotube  Reinforced  Cement-Based  Materials.,  Nanotechnology  in
Civil Infrastructure, 2011, pp. 1-47.
[http://dx.doi.org/10.1007/978-3-642-16657-0_1]
A.M.  Díez-Pascual,  M.A.  Gómez-Fatou,  F.  Ania,  and  A.  Flores,[69]
"Nanoindentation in polymer nanocomposites", Prog. Mater. Sci., vol.
67, pp. 1-94, 2015.
[http://dx.doi.org/10.1016/j.pmatsci.2014.06.002]
A. Cwirzen, K. Habermehl-Cwirzen, A.G. Nasibulin, E.I. Kaupinen,[70]
P.R. Mudimela, and V. Penttala, "SEM/AFM studies of cementitious
binder  modified  by  MWCNT  and  nano-sized  Fe  needles",  Mater.
Charact., vol. 60, no. 7, pp. 735-740, 2009.
[http://dx.doi.org/10.1016/j.matchar.2008.11.001]
R.K. Abu Al-Rub, A.I. Ashour, and B.M. Tyson, "On the aspect ratio[71]
effect  of  multi-walled  carbon  nanotube  reinforcements  on  the
mechanical properties of cementitious nanocomposites", Constr. Build.
Mater., vol. 35, pp. 647-655, 2012.
[http://dx.doi.org/10.1016/j.conbuildmat.2012.04.086]
M. Cyr, S.P. Shah, and A. Peled,[72]
M.  Cyr,  "Hybrid  fiber-reinforced  extruded  and  cast  concrete,  PhD[73]
thesis, Northwestern University, Evanston, IL",
J.S.  Lawler,  D.  Zampini,  and  S.P.  Shah,  "Permeability  of  cracked[74]
hybrid fiber-reinforced mortar under load", ACI Mater. J., vol. 99, no.
4, 2002.
[http://dx.doi.org/10.14359/12220]
J.S. Lawler, D. Zampini, and S.P. Shah, "Microfiber and macrofiber[75]
hybrid fiber-reinforced concrete", J. Mater. Civ. Eng., vol. 17, no. 5,
pp. 595-604, 2005.
[http://dx.doi.org/10.1061/(ASCE)0899-1561(2005)17:5(595)]
W. Li, F.U.A. Shaikh, L. Wang, Y. Lu, B. Wang, C. Jiang, and Y. Su,[76]
"Experimental study on shear property and rheological characteristic
of superfine cement grouts with nano-SiO2 addition", Constr. Build.
Mater., vol. 228, 2019.117046
[http://dx.doi.org/10.1016/j.conbuildmat.2019.117046]
A. Ltifi,  A. Guefrech, P. Mounanga, and A. Khelidj, "Experimental[77]
study  of  the  effect  of  addition  of  nano-silica  on  the  behaviour  of
cement mortars Mounir", Procedia Eng., vol. 10, pp. 900-905, 2011.
[http://dx.doi.org/10.1016/j.proeng.2011.04.148]
S. Maheswaran, B. Bhuvaneshwari, G.S. Palani, R.I. Nagesh, and S.[78]
Kalaiselvam, "An overview on the influence of nano silica in concrete
and a research initiative", Res. J. Recent Sci., vol. 2, pp. 17-24, 2012.
G.  Quercia,  G.  Hüsken,  and  H.J.H.  Brouwers,  "Water  demand  of[79]
amorphous  nano silica  and its  impact  on  the  workability  of  cement
paste", Cement Concr. Res., vol. 42, no. 2, pp. 344-357, 2012.
[http://dx.doi.org/10.1016/j.cemconres.2011.10.008]
E. Ghafari, H. Costa, E. Júlio, A. Portugal, and L. Durães, "The effect[80]
of nanosilica addition on flowability, strength and transport properties
of  ultra  high  performance  concrete",  Mater.  Des.,  vol.  59,  pp.  1-9,
2014.
[http://dx.doi.org/10.1016/j.matdes.2014.02.051]
D. Kong, Y. Su, X. Du, Y. Yang, S. Wei, and S.P. Shah, "Influence of[81]
nano-silica  agglomeration  on  fresh  properties  of  cement  pastes",
Constr. Build. Mater., vol. 43, pp. 557-562, 2013.
[http://dx.doi.org/10.1016/j.conbuildmat.2013.02.066]
M.H. Beigi, J. Berenjian, O. Lotfi Omran, A. Sadeghi Nik, and I.M.[82]
Nikbin, "An experimental survey on combined effects of fibers and
nanosilica on the mechanical, rheological, and durability properties of
self-compacting concrete", Mater. Des., vol. 50, pp. 1019-1029, 2013.
[http://dx.doi.org/10.1016/j.matdes.2013.03.046]
F.  Kontoleontos,  P.E.  Tsakiridis,  A.  Marinos,  V.  Kaloidas,  and  M.[83]
Katsioti,  "Influence  of  colloidal  nanosilica  on  ultrafine  cement
hydration:  Physicochemical  and  microstructural  characterization",
Constr. Build. Mater., vol. 35, pp. 347-360, 2012.
[http://dx.doi.org/10.1016/j.conbuildmat.2012.04.022]
L.  Senff,  D.  Hotza,  S.  Lucas,  V.M.  Ferreira,  and  J.A.  Labrincha,[84]
"Effect  of  nano-SiO2  and  nano-TiO2  addition  on  the  rheological

behavior and the hardened properties of cement mortars", Mater. Sci.
Eng. A, vol. 532, pp. 354-361, 2012.
[http://dx.doi.org/10.1016/j.msea.2011.10.102]
G.  Quercia,  A.  Lazaro,  J.W.  Geus,  and  H.J.H.  Brouwers,[85]
"Characterization  of  morphology  and  texture  of  several  amorphous
nano-silica particles used in concrete", Cement Concr. Compos., vol.
44, pp. 77-92, 2013.
[http://dx.doi.org/10.1016/j.cemconcomp.2013.05.006]
M.  Berra,  F.  Carassiti,  T.  Mangialardi,  A.E.  Paolini,  and  M.[86]
Sebastiani,  "Effects  of  nanosilica  addition  on  workability  and
compressive  strength  of  Portland  cement  pastes",  Constr.  Build.
Mater.,  vol.  35,  pp.  666-675,  2012.
[http://dx.doi.org/10.1016/j.conbuildmat.2012.04.132]
M.H. Mobini, A. Khaloo, P. Hosseini,  and A. Esrafili,  "Mechanical[87]
properties of fiber-reinforced high-performance concrete incorporating
pyrogenic  nanosilica  with  different  surface  areas",  Constr.  Build.
Mater., vol. 101, pp. 130-140, 2015.
[http://dx.doi.org/10.1016/j.conbuildmat.2015.10.032]
S. Haruehansapong, T. Pulngern, and S. Chucheepsakul, "Effect of the[88]
particle  size  of  nanosilica  on  the  compressive  strength  and  the
optimum  replacement  content  of  cement  mortar  containing  nano-
SiO2", Constr. Build. Mater., vol. 50, pp. 471-477, 2014.
[http://dx.doi.org/10.1016/j.conbuildmat.2013.10.002]
M.  Zahedi,  A.A.  Ramezanianpour,  and  A.M.  Ramezanianpour,[89]
"Evaluation  of  the  mechanical  properties  and  durability  of  cement
mortars  containing  nanosilica  and  rice  husk  ash  under  chloride  ion
penetration", Constr. Build. Mater., vol. 78, pp. 354-361, 2015.
[http://dx.doi.org/10.1016/j.conbuildmat.2015.01.045]
S. Nagataki, and H. Fujiwara, "Self-compacting property of highly-[90]
flowable concrete", Special Publication, vol. 154, pp. 301-304, 1995.
J.  Björnström,  A.  Martinelli,  A.  Matic,  L.  Börjesson,  and  I.  Panas,[91]
"Accelerating  effects  of  colloidal  nano-silica  for  beneficial
calcium–silicate–hydrate formation in cement", Chem. Phys. Lett., vol.
392, no. 1-3, pp. 242-248, 2004.
[http://dx.doi.org/10.1016/j.cplett.2004.05.071]
B.W. Jo, C.H. Kim, and J.H. Lim, "Investigations on the development[92]
of powder concrete with nano-SiO2 particles", KSCE J. Civ. Eng., vol.
11, no. 1, pp. 37-42, 2007.
[http://dx.doi.org/10.1007/BF02823370]
S.W.M.  Supit,  and  F.U.A.  Shaikh,  "Durability  properties  of  high[93]
volume fly ash concrete containing nano-silica", Mater. Struct., vol.
48, no. 8, pp. 2431-2445, 2015.
[http://dx.doi.org/10.1617/s11527-014-0329-0]
L.P. Singh, A. Goel, S.K. Bhattachharyya, S. Ahalawat, U. Sharma,[94]
and  G.  Mishra,  "Effect  of  Morphology  and  Dispersibility  of  Silica
Nanoparticles on the Mechanical Behaviour of Cement Mortar", Int. J.
Concr. Struct. Mater., vol. 9, no. 2, pp. 207-217, 2015.
[http://dx.doi.org/10.1007/s40069-015-0099-2]
M.  Rezania,  M.  Panahandeh,  S.M.J.  Razavi,  and  F.  Berto,[95]
"Experimental  study  of  the  simultaneous  effect  of  nano-silica  and
nano-carbon black on permeability and mechanical properties of the
concrete", Theor. Appl. Fract. Mech., vol. 104, 2019.102391
[http://dx.doi.org/10.1016/j.tafmec.2019.102391]
X.F. Wang, Y.J. Huang, G.Y. Wu, C. Fang, D.W. Li, N.X. Han, and F.[96]
Xing,  "Effect  of  nano-SiO2  on  strength,  shrinkage  and  cracking
sensitivity of lightweight aggregate concrete", Constr. Build. Mater.,
vol. 175, pp. 115-125, 2018.
[http://dx.doi.org/10.1016/j.conbuildmat.2018.04.113]
N. De Greef, L. Gorbatikh, A. Godara, L. Mezzo, S.V. Lomov, and I.[97]
Verpoest, "The effect of carbon nanotubes on the damage development
in  carbon  fiber/epoxy  composites",  Carbon,  vol.  49,  no.  14,  pp.
4650-4664, 2011.
[http://dx.doi.org/10.1016/j.carbon.2011.06.047]
G.  Quercia,  P.  Spiesz,  G.  Hüsken,  and  H.J.H.  Brouwers,  "SCC[98]
modification  by  use  of  amorphous  nano-silica",  Cement  Concr.
Compos.,  vol.  45,  pp.  69-81,  2014.
[http://dx.doi.org/10.1016/j.cemconcomp.2013.09.001]
G. Li, "Properties of high-volume fly ash concrete incorporating nano-[99]
SiO2", Cement Concr. Res., vol. 34, no. 6, pp. 1043-1049, 2004.
[http://dx.doi.org/10.1016/j.cemconres.2003.11.013]
H. Du, S. Du, and X. Liu, "Durability performances of concrete with[100]
nano-silica", Constr. Build. Mater., vol. 73, pp. 705-712, 2014.
[http://dx.doi.org/10.1016/j.conbuildmat.2014.10.014]
B. Perumalsamy, and C. Ken, "Nanotechnology of concrete: Recent[101]
developments and future perspectives, Nanotechnology and Concrete",
Proceedings of ACI Session, pp. 15-28, 2006.
F.  Sanchez,  and  K.  Sobolev,  "Nanotechnology  in  concrete  –  A[102]

http://dx.doi.org/10.3141/2142-17
http://dx.doi.org/10.1016/j.conbuildmat.2013.09.019
http://hdl.handle.net/1969.1/ETD-TAMU-2011-08-10197
http://hdl.handle.net/1969.1/ETD-TAMU-2011-08-10197
http://dx.doi.org/10.1007/978-3-642-16657-0_1
http://dx.doi.org/10.1016/j.pmatsci.2014.06.002
http://dx.doi.org/10.1016/j.matchar.2008.11.001
http://dx.doi.org/10.1016/j.conbuildmat.2012.04.086
http://dx.doi.org/10.14359/12220
http://dx.doi.org/10.1061/(ASCE)0899-1561(2005)17:5(595)
http://dx.doi.org/10.1016/j.conbuildmat.2019.117046
http://dx.doi.org/10.1016/j.proeng.2011.04.148
http://dx.doi.org/10.1016/j.cemconres.2011.10.008
http://dx.doi.org/10.1016/j.matdes.2014.02.051
http://dx.doi.org/10.1016/j.conbuildmat.2013.02.066
http://dx.doi.org/10.1016/j.matdes.2013.03.046
http://dx.doi.org/10.1016/j.conbuildmat.2012.04.022
http://dx.doi.org/10.1016/j.msea.2011.10.102
http://dx.doi.org/10.1016/j.cemconcomp.2013.05.006
http://dx.doi.org/10.1016/j.conbuildmat.2012.04.132
http://dx.doi.org/10.1016/j.conbuildmat.2015.10.032
http://dx.doi.org/10.1016/j.conbuildmat.2013.10.002
http://dx.doi.org/10.1016/j.conbuildmat.2015.01.045
http://dx.doi.org/10.1016/j.cplett.2004.05.071
http://dx.doi.org/10.1007/BF02823370
http://dx.doi.org/10.1617/s11527-014-0329-0
http://dx.doi.org/10.1007/s40069-015-0099-2
http://dx.doi.org/10.1016/j.tafmec.2019.102391
http://dx.doi.org/10.1016/j.conbuildmat.2018.04.113
http://dx.doi.org/10.1016/j.carbon.2011.06.047
http://dx.doi.org/10.1016/j.cemconcomp.2013.09.001
http://dx.doi.org/10.1016/j.cemconres.2003.11.013
http://dx.doi.org/10.1016/j.conbuildmat.2014.10.014


14   The Open Construction & Building Technology Journal, 2023, Volume 17 Chiadighikaobi et al.

review", Constr. Build. Mater., vol. 24, no. 11, pp. 2060-2071, 2010.
[http://dx.doi.org/10.1016/j.conbuildmat.2010.03.014]
M. Szeląg, "Mechano-physical properties and microstructure of carbon[103]
nanotube reinforced cement paste after thermal load", Nanomaterials
(Basel), vol. 7, no. 9, p. 267, 2017.
[http://dx.doi.org/10.3390/nano7090267] [PMID: 28891976]
M.S. Konsta-Gdoutos, P.A. Danoglidis, M.G. Falara, and S.F. Nitodas,[104]
"Fresh and mechanical properties, and strain sensing of nanomodified
cement  mortars:  The  effects  of  MWCNT  aspect  ratio,  density  and
functionalization",  Cement  Concr.  Compos.,  vol.  82,  pp.  137-151,
2017.
[http://dx.doi.org/10.1016/j.cemconcomp.2017.05.004]
T.  Manzur,  N.  Yazdani,  and  M.A.B.  Emon,  "Potential  of  carbon[105]
nanotube reinforced cement composites as concrete repair material", J.
Nanomater., vol. 2016, pp. 1-10, 2016.
[http://dx.doi.org/10.1155/2016/1421959]
W. Li,  W. Ji,  F.  Torabian Isfahani,  Y.  Wang,  G.  Li,  Y.  Liu,  and F.[106]
Xing, "Nano-silica sol-gel and carbon nanotube coupling effect on the
performance of cement-based materials", Nanomaterials (Basel), vol.
7, no. 7, p. 185, 2017.
[http://dx.doi.org/10.3390/nano7070185] [PMID: 28708097]
S.  Parveen,  S.  Rana,  and  R.  Fangueiro,  "A review on  nanomaterial[107]
dispersion,  microstructure,  and  mechanical  properties  of  carbon
nanotube  and  nanofiber  reinforced  cementitious  composites",  J.
Nanomater.,  vol.  2013,  pp.  1-19,  2013.
[http://dx.doi.org/10.1155/2013/710175]
S. Sasmal, B. Bhuvaneshwari, and N.R. Iyer, "Can carbon nanotubes[108]
make  wonders  in  civil/structural  engineering?",  Progress  in
Nanotechnology and Nanomaterials, vol. 2, no. 4, pp. 117-129, 2013.
[http://dx.doi.org/10.5963/PNN0204003]
M.S.  El-Feky,  S.A.  El-Khodary,  and  M.  Morsy,  "Optimization  of[109]
hybrid cement composite with carbon nanotubes and nano silica using
response  surface  design",  Egypt.  J.  Chem.,  vol.  62,  no.  1,  pp.  7-9,
2019.
[http://dx.doi.org/10.21608/ejchem.2019.12771.1797]
Z.  Su,  W.  Hou,  and  Z.  Sun,  "Recent  advances  in  carbon  nanotube-[110]
geopolymer composite", Constr. Build. Mater., vol. 252, 2020.118940
[http://dx.doi.org/10.1016/j.conbuildmat.2020.118940]
K.P.  Chong,  "Nanoscience  and  engineering  in  mechanics  and[111]
materials",  J.  Phys.  Chem.  Solids,  vol.  65,  no.  8-9,  pp.  1501-1506,
2004.
[http://dx.doi.org/10.1016/j.jpcs.2003.09.032]
K. Sobolev, and M.F. Gutierrez, "“How Nanotechnology Can Change[112]
Concrete World,” Part One of a Two-Part Series", Am. Ceram. Soc.
Bull., vol. 84, no. 10, pp. 14-17, 2005.
K.  Sobolev,  and  M.F.  Gutierrez,  "How nanotechnology can  change[113]
concrete world", Part Two of a Two-Part Series, American Ceramic
Society Bulletin, vol. 84, no. 11, pp. 16-19, 2005.
B.  Shirkavand  Hadavand,  K.  Mahdavi  Javid,  and  M.  Gharagozlou,[114]
"Mechanical  properties  of  multi-walled  carbon  nanotube/epoxy
polysulfide nanocomposite", Mater. Des., vol. 50, pp. 62-67, 2013.
[http://dx.doi.org/10.1016/j.matdes.2013.02.039]
F. Liu, S. Deng, and J. Zhang, "Mechanical properties of epoxy and its[115]
carbon fiber composites modified by nanoparticles", J. Nanomater.,
vol. 2017, pp. 1-9, 2017.
[http://dx.doi.org/10.1155/2017/8146248]
Y.  Zhou,  M.  Gou,  F.  Zhang,  S.  Zhang,  and  D.  Wang,  "Reinforced[116]
concrete beams strengthened with carbon fiber reinforced polymer by
friction hybrid bond technique: Experimental  investigation",  Mater.
Des., vol. 50, pp. 130-139, 2013.
[http://dx.doi.org/10.1016/j.matdes.2013.02.089]
H.M.  Diab,  and  O.A.  Farghal,  "Bond  strength  and  effective  bond[117]
length of FRP sheets/plates bonded to concrete considering the type of
adhesive layer", Compos., Part B Eng., vol. 58, pp. 618-624, 2014.
[http://dx.doi.org/10.1016/j.compositesb.2013.10.075]
B.B.  Mukharjee,  and  S.V.  Barai,  "Influence  of  Nano-Silica  on  the[118]
properties of recycled aggregate concrete", Constr. Build. Mater., vol.
55, pp. 29-37, 2014.
[http://dx.doi.org/10.1016/j.conbuildmat.2014.01.003]
F.  Pacheco-Torgal,  S.  Miraldo,  Y.  Ding,  and  J.A.  Labrincha,[119]
"Targeting HPC with the help of nanoparticles: An overview", Constr.
Build. Mater., vol. 38, pp. 365-370, 2013.
[http://dx.doi.org/10.1016/j.conbuildmat.2012.08.013]
M. Nili, and A. Ehsani, "Investigating the effect of the cement paste[120]
and transition zone on strength development of  concrete containing
nanosilica and silica fume", Mater. Des., vol. 75, pp. 174-183, 2015.

[http://dx.doi.org/10.1016/j.matdes.2015.03.024]
S.  Zhang,  W.G.  Qiao,  P.C.  Chen,  and  K.  Xi,  "Rheological  and[121]
mechanical properties of microfine-cement-based grouts mixed with
microfine fly ash, colloidal nanosilica and superplasticizer", Constr.
Build. Mater., vol. 212, pp. 10-18, 2019.
[http://dx.doi.org/10.1016/j.conbuildmat.2019.03.314]
J. Liu, Q. Li, and S. Xu, "Influence of nanoparticles on fluidity and[122]
mechanical properties of cement mortar", Constr. Build. Mater., vol.
101, pp. 892-901, 2015.
[http://dx.doi.org/10.1016/j.conbuildmat.2015.10.149]
P. Hou, S. Kawashima, K. Wang, D.J. Corr, J. Qian, and S.P. Shah,[123]
"Effects  of  colloidal  nanosilica  on  rheological  and  mechanical
properties of fly ash–cement mortar", Cement Concr. Compos., vol.
35, no. 1, pp. 12-22, 2013.
[http://dx.doi.org/10.1016/j.cemconcomp.2012.08.027]
L. Senff, D. Hotza, W.L. Repette, V.M. Ferreira, and J.A. Labrincha,[124]
"Mortars  with  nano-SiO2  and  micro-SiO2  investigated  by
experimental  design",  Constr.  Build.  Mater.,  vol.  24,  no.  8,  pp.
1432-1437, 2010.
[http://dx.doi.org/10.1016/j.conbuildmat.2010.01.012]
B.B.  Mukharjee,  and  S.V.  Barai,  "Assessment  of  the  influence  of[125]
Nano-Silica  on  the  behavior  of  mortar  using  factorial  design  of
experiments", Constr. Build. Mater., vol. 68, pp. 416-425, 2014.
[http://dx.doi.org/10.1016/j.conbuildmat.2014.06.074]
G. Yakovlev, J. Keriene, A. Gailius, and I. Girniene, "Cement based[126]
form concrete reinforced by carbon nanotubes", Mater. Sci., vol. 12,
no. 2, pp. 147-151, 2006.
A. Godara,  L.  Mezzo, F.  Luizi,  A. Warrier,  S.V. Lomov, A.W. van[127]
Vuure,  L.  Gorbatikh,  P.  Moldenaers,  and I.  Verpoest,  "Influence of
carbon nanotube reinforcement on the processing and the mechanical
behaviour of carbon fiber/epoxy composites", Carbon, vol. 47, no. 12,
pp. 2914-2923, 2009.
[http://dx.doi.org/10.1016/j.carbon.2009.06.039]
E.  Güneyisi,  Y.R.  Atewi,  and  M.F.  Hasan,  "Fresh  and  rheological[128]
properties  of  glass  fiber  reinforced  self-compacting  concrete  with
nanosilica and fly ash blended", Constr. Build. Mater., vol. 211, pp.
349-362, 2019.
[http://dx.doi.org/10.1016/j.conbuildmat.2019.03.087]
Y.R. Atewi, M.F. Hasan, and E. Güneyisi, "Fracture and permeability[129]
properties of glass fiber reinforced self-compacting concrete with and
without  nanosilica",  Constr.  Build.  Mater.,  vol.  226,  pp.  993-1005,
2019.
[http://dx.doi.org/10.1016/j.conbuildmat.2019.08.029]
A.O. Adetukasi, O.G. Fadugba, I.H. Adebakin, and O. Omokungbe,[130]
"Strength characteristics of fibre-reinforced concrete containing nano-
silica", Mater. Today Proc., no. Apr, 2020.
[http://dx.doi.org/10.1016/j.matpr.2020.03.123]
N. Salemi, and K. Behfarnia, "Effect of nano-particles on durability of[131]
fiber-reinforced concrete pavement", Constr. Build. Mater., vol. 48,
pp. 934-941, 2013.
[http://dx.doi.org/10.1016/j.conbuildmat.2013.07.037]
G.Y.  Li,  P.M.  Wang,  and  X.  Zhao,  "Mechanical  behavior  and[132]
microstructure  of  cement  composites  incorporating  surface-treated
multi-walled  carbon  nanotubes",  Carbon,  vol.  43,  no.  6,  pp.
1239-1245,  2005.
[http://dx.doi.org/10.1016/j.carbon.2004.12.017]
I.  Campillo,  J.S.  Dolado,  and  A.  Porro,  "High-performance[133]
nanostructured  materials  for  construction",  Nanotechnol.  Construct,
no. Apr, pp. 215-225, 2004.
[http://dx.doi.org/10.1039/9781847551528-00215]
V.K.  Kannan,  and  K.  Ganesan,  "Strength  and  water  absorption[134]
properties of ternary blended cement mortar using rice husk ash and
metakaolin", Scholarly J. Engin. Research, vol. 1, no. 4, pp. 51-59,
2012.
A.  Mohajerani,  L.  Burnett,  J.V.  Smith,  H.  Kurmus,  J.  Milas,  A.[135]
Arulrajah,  S.  Horpibulsuk,  and  A.  Abdul  Kadir,  "Nanoparticles  in
construction  materials  and  other  applications,  and  implications  of
nanoparticle use", Materials (Basel), vol. 12, no. 19, p. 3052, 2019.
[http://dx.doi.org/10.3390/ma12193052] [PMID: 31547011]
W. Shen, Y. Liu, B. Yan, J. Wang, P. He, C. Zhou, X. Huo, W. Zhang,[136]
G.  Xu,  and  Q.  Ding,  "Cement  industry  of  China:  Driving  force,
environment  impact  and sustainable  development",  Renew.  Sustain.
Energy Rev., vol. 75, pp. 618-628, 2017.
[http://dx.doi.org/10.1016/j.rser.2016.11.033]
L. Zhao, J. Yu, B. Chang, and X. Zhao, "Preparation and formation[137]
mechanism of monodispersed silicon dioxide spherical particles", Acta
Chimi. Sin., vol. 61, no. 4, pp. 562-566, 2003.

© 2023 Chiadighikaobi et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.1016/j.conbuildmat.2010.03.014
http://dx.doi.org/10.3390/nano7090267
http://www.ncbi.nlm.nih.gov/pubmed/28891976
http://dx.doi.org/10.1016/j.cemconcomp.2017.05.004
http://dx.doi.org/10.1155/2016/1421959
http://dx.doi.org/10.3390/nano7070185
http://www.ncbi.nlm.nih.gov/pubmed/28708097
http://dx.doi.org/10.1155/2013/710175
http://dx.doi.org/10.5963/PNN0204003
http://dx.doi.org/10.21608/ejchem.2019.12771.1797
http://dx.doi.org/10.1016/j.conbuildmat.2020.118940
http://dx.doi.org/10.1016/j.jpcs.2003.09.032
http://dx.doi.org/10.1016/j.matdes.2013.02.039
http://dx.doi.org/10.1155/2017/8146248
http://dx.doi.org/10.1016/j.matdes.2013.02.089
http://dx.doi.org/10.1016/j.compositesb.2013.10.075
http://dx.doi.org/10.1016/j.conbuildmat.2014.01.003
http://dx.doi.org/10.1016/j.conbuildmat.2012.08.013
http://dx.doi.org/10.1016/j.matdes.2015.03.024
http://dx.doi.org/10.1016/j.conbuildmat.2019.03.314
http://dx.doi.org/10.1016/j.conbuildmat.2015.10.149
http://dx.doi.org/10.1016/j.cemconcomp.2012.08.027
http://dx.doi.org/10.1016/j.conbuildmat.2010.01.012
http://dx.doi.org/10.1016/j.conbuildmat.2014.06.074
http://dx.doi.org/10.1016/j.carbon.2009.06.039
http://dx.doi.org/10.1016/j.conbuildmat.2019.03.087
http://dx.doi.org/10.1016/j.conbuildmat.2019.08.029
http://dx.doi.org/10.1016/j.matpr.2020.03.123
http://dx.doi.org/10.1016/j.conbuildmat.2013.07.037
http://dx.doi.org/10.1016/j.carbon.2004.12.017
http://dx.doi.org/10.1039/9781847551528-00215
http://dx.doi.org/10.3390/ma12193052
http://www.ncbi.nlm.nih.gov/pubmed/31547011
http://dx.doi.org/10.1016/j.rser.2016.11.033
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/

	A Review Study of the Mechanical Characteristics of Nano Concrete Reinforced with Hybrid Fiber 
	1. INTRODUCTION
	2. NANO MATERIALS FOR NANO CONCRETE
	2.1. Carbon Nanotubes (CNTs)
	2.2. Nano Silica (Nano-SiO2)
	2.3. Hybrid Fiber

	3. CHARACTERISTICS AND PROPERTIES OF THE CONCRETE
	4. DISCUSSION ON THE OVERALL TOPIC FOR SCIENTIFIC VIEW
	4.1. Limitations of CNTs Application in Cementitious Materials
	4.2. Limitations of Nano Silica Application in Cementitious Materials

	5. IMPACT OF NANOMATERIAL-MODIFIED CONCR-ETE ON SUSTAINABLE DEVELOPMENT
	CONCLUSION
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




