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This paper investigates the behavior of reinforced cement mortar composite round bars with multiwalled carbon nanotubes
(MWCNTs) and carbon fibers (CFs). The percentage of CFs was fixed at 2.25 wt% of cement, while the percentage of MWCNTs was
fixed at 0.5, by wt% of cement. Dispersion of both MWCNTs and CFs was carried out using ultrasonic energy method. Composite
round bars were tested under direct tension in order to evaluate their mechanical properties such as ultimate load, deflection
criteria, and stress-strain behavior. These results were then compared with the results of plain cement control round bars. From
the study, it is shown that the load carrying capacity of composite bars under direct tension is substantially higher than the plain
controlled bar.

1. Introduction

Although concrete is not normally designed to resist direct
tension, the knowledge of tensile strength of concrete is
of value in estimating the load under which cracking
will develop [1]. A direct application of pure tension and
avoiding secondary stresses during testing of the specimen
is difficult. Advanced technological aspects demand for
higher performing cement-based materials with improved
tensile strength and toughness for use in civil engineering
projects. Cementitious materials are typically characterized
as quasibrittle materials, with low tensile strength and low
strain capacity, and hence affect long-term durability of
structures. These days, discrete short fibers are widely used
to control cracking in fiber-reinforced concrete (FRC) [2].
Nanotechnology is one of the most active researched areas,
with both novel science and useful applications, that has
gradually established itself in the past two decades [3, 4].

Nanoscience has a central role to play, in producing
innovative concrete materials for the 21st century. It enables
scientists to work at the molecular level atom by atom to
develop new materials fundamentally with new physical and

chemical properties [5]. Hydrated cement is porous with a
pore size distribution that ranges from the nanometers to
millimeters. The dimensional range of solids and pores in
a hydrated cement paste has been reported in the literature
[1]. Carbon nanotubes (CNTs) are the subject of one of the
most important areas of research [6]. The incorporation of
MWCNTs in cement increases the amount of stiffness of C-
S-H gel resulting in stronger material. Carbon nanotubes
(CNTs) were discovered in 1991 by Iijima in Japan [7].
CNTs are classified as either single walled carbon nanotubes
(SWCNTs) or multiwalled carbon nanotubes (MWCNTs).
CNTs are found to possess a Young’s modulus of 1 TPa,
a yield stress of 100–300 GPa [2], and a tensile strength
of 63 GPa [6, 8]. The present paper utilizes MWCNTs,
having diameters of 10–30 nm, densities 1000–2000 kg/m3,
and an aspect ratio of 1000. Both micro- and nanolevel
reinforcements were provided to study the effect on the
overall properties of the composite.

While the exploration for various applications of nan-
otechnology to develop innovative construction materials
continues, it is already clear that the science of the very small
is making big changes, with numerous economic benefits for
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Table 1: Properties of MWCNTs and carbon fibers used herein.

MWCNTs as supplied by Intelligent Private Limited

Diameter 10–30 nm

Length 1-2 microns

Purity >95%

Surface area 350 m2/g

Bulk density 0.05–0.17 g/cm3

Carbon fibers as supplied by Fosroc-Chemicals, Bangalore

Density 1.8 g/cc

Tensile strength 3500 N/mm2

Length of fiber 5 mm

Fiber thickness 0.3 mm

the construction industry [9]. By using carbon nanotubes,
a new material which exhibits enhanced tensile strength,
young’s modulus and improved early a strain capacity can
be created as found in the literature [10]. However, two
problems with the addition of carbon nanotubes and carbon
fibers to any material are the clumping together of the tubes,
fibers and the lack of cohesion between them and matrix bulk
material. A uniform dispersion must be achieved to get the
desired results. The cost of adding CNTs to concrete may
be prohibitive at the moment, but work is being done to
reduce their price and at such time the benefits offered by
their addition to cementitious materials may become more
palatable.

Experimental works carried out by [2] showed that by
adding 0.25 wt% of cement MWCNTs to the plain cement
beams, one may get a remarkable enhancement in both
flexural strength and toughness. In comparison with plain
cement beams, the CNT reinforced beams showed 47%
increase in the load carrying capacity and an average of
25% increase in the toughness. CNT/cement composites
under flexure with 0.08 wt% of cement MWCNTs with
proper dispersion was tested, and it was found that fracture
properties of cement matrices can be substantially increased
by adding a very low amount of CNTs (e.g., 0.025 wt% to
0.10 wt% of cement). Scanning Electron Microscopy results
showed that the addition of a small amount of CNTs enables
the control of matrix cracks at the nanoscale level. The
nanoindentation results suggested that CNTs can modify
and reinforce the cement paste matrix at the nanoscale. The
foregoing results suggest that CNTs have potential for being
used as reinforcement for concrete; however, there is still
a significant need for further research studies in this area
to completely understand the structural behavior of CNT-
reinforced cement [11, 12].

Fundamentally, hydrated cement paste (HCP) is a
nanomaterial. Knowledge at the nanoscale level of the
composition and characteristics of materials will promote
the exploration of new applications and new products which
can be used to repair or to improve the properties of
construction materials [11]. The performance of concrete
can also be improved by adding nanotubes. The compression
strength of the cement paste increased with the addition of

CNTs that decrease the number of mesopores as reported in
earlier studies [13]. Carbon nanotubes have the potential to
enhance the strength, effectively hinder crack propagation
in cement composites, and act as nucleating agents [4].
Reinforcing concrete with nanofibres will produce tougher
concretes by interrupting crack formation as soon as it
is initiated. The carbon nanofibres interactions in cement
matrix that hinder crack propagation are reported in the
literature [5].

Carbon Fibers. They are used in conventional fiber-
reinforced concrete and were found to be ideal reinforcing
materials. They have established themselves as a suitable
material for retrofitting and strengthening purpose. Recently,
in the field of fiber reinforced concrete, there has been much
enthusiasm for the development of hybrid fiber systems
where two or more types of fibers are combined [14, 15].
Hybrid fiber systems are a promising approach for making
efficient use of fibers with the intent of conferring the best
performance characteristics of each of the constituent fiber
[16, 17]. Recent work at Advance Cement Based Material
Research Centre (ACBM) has shown that fiber hybridization
effectively enhances the material performance. The mechan-
ical properties of cementations composites were improved
by using fibers of varying sizes and moduli. The addition
of small amounts of less than 1% wt of CNTs can improve
the mechanical properties of samples consisting of main
Portland cement paste and water. Oxidized MWCNTs show
the best improvements both in compressive and flexural
strength as compared to the reference samples without the
fiber reinforcement [3, 12]. The research work carried out
on use of carbon fibers and CNTs in beams has reported
that both CF and CNTs act as good reinforcing materials and
strengthen the composite beams both at macro- and micro-
levels in cement-based composite beams [18].

2. Experimental Programme

Experimental tests were conducted to investigate the effect
of dispersed and randomly oriented micro- (MWCNTs) and
macro- (CFs) level reinforcement in cement mortar round
bars. Preliminary tests on cement mortar were conducted
as per IS:4031 Bureau of Indian standards. Direct tension
test was carried out on round composite cement mortar
bars. The properties of MWCNTs and CFs used in the
study are given in Table 1. MWCNTs used in this study
were of industrial grade with a purity of greater than
95%. A water cement ratio (w/c) of 0.4 was found to be
appropriate in terms of mixing and workability of the paste
after adding the fibers. The details of the mix proportion, size
of the specimens, and the percentage of carbon fibers and
multiwalled-carbon nanotubes used are given in Table 2. Test
specimens used were designated accordingly and their details
are given in Table 3. Table 5 shows the specifications of the
tensile testing machine.

2.1. Dispersion Technique and Preparation of the Specimen.
Dispersion is a critical issue while mixing CNTs in either
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Table 2: Specimen characteristics of mix proportion used 1 : 1.

Length of the specimens 500 mm

Diameter of the specimens 30 mm

Water cement ratio 0.40

Percentage of carbon fibers (CFs) used 2.25% by the weight of the cement.

Percentage of Multiwalled Carbon
Nanotubes (MWCNTs) used

0.5% by the weight of the cement.

Table 3: Specimen reference.

S. no.
Specimen
reference

Specimen details

Constituents
Percentage of carbon fiber

(5 mm length)
Percentage of MWCNTs

1 PB Plain Cement mortar Bar Nil Nil

2 A Plain Cement mortar Bar + Carbon Fibers (CF) 2.25% Nil

3 B Plain Cement mortar Bar + MWCNT Nil 0. 50%

4 C Plain Cement Mortar bar + CF + MWCNT 2.25% 0.5%
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Figure 1: Ultimate load of composite bars subjected under direct
tensile load.

water or organic solvents. Uniform dispersion of MWCNTs
against their agglomeration due to van der Waals bonding
is the first step in the processing of nanocomposites.
Proper dispersion and adequate load transfer are the main
challenges in the search for efficient carbonfibres/carbon
nanotubes-reinforced cement composites [19, 20]. First
the MWCNTs were predispersed in acetone by means of
an ultrasonic probe (Vibration by ultrasound) of capacity
2800 kJ/I. After four hours, the sonication was stopped and
the acetone was allowed to evaporate [21]. Next carbon fibres
were predispersed in water by adding 3/5th of the water
required for mixing of cement; sonication was carried for
10 minutes. Next dispersant Hydroxyethyl cellulose (HEC)
of quantity 0.06% by weight of cement was added to the
predispersed mixture and again sonicated for about 10
minutes with continuous stirring. Addition of HEC converts
fibers into sticky paste, and thus bundled carbon fibers
get dispersed. The CNTs are than added into aqueous-
surfactant solution. Based on previous research [22], a
constant surfactant to MWCNTs weight ratio of 4 was
found to achieve effective dispersion. Further the cement
paste composites along with carbon fibers are mixed with
sonicated suspension (dispersion). Mixing of the material
was performed according to the procedure outlined by the
ASTM 305 using a standard Hobart mixer. After mixing, the

paste was cast in a mould that is designed in the form of a half
cell openable as shown in Figure 4. The samples were than
maintained for 24 hrs in water vapour saturated atmosphere.
Subsequently, they were demoulded and put for 27 days at
20◦C, until tests, leading to total curing time of 28 days.

3. Results and Discussion

Tensile test was carried out on the specimens in the UTM.
Ultimate load and maximum deformation were noted down
for each specimen; and the average of the three specimens
tested was taken for the analysis. Table 5 gives the average
ultimate tensile strength of Plain bars [PB], Carbon-fiber
reinforced bars [A], and MWCNT-reinforced bars [B].
Figure 1 shows a graphical representation of average direct
tensile strength for Plain cement mortar bars (PBs), bars
with randomly distributed carbon fibers (2.25%) (A), bars
with randomly distributed multiwalled carbon nanotubes
(0.5%), (B) bars with randomly distributed carbon fibers
(2.25%), and multiwalled carbon nanotubes (0.5%) (C).
From Figure 1, it is observed that there is an increase in the
tensile strength of bars with composite materials compared
to plain bars. It indicates that presence of composite
materials in bars plays a major role in increasing tensile
strength. Strong interfacial bonding between the composite
materials and the matrix caused efficient stress transfer when
strain is applied on a tensile specimen. It is seen that bars
with random distribution of carbon fibers, that is, 2.25%
by the weight of cement increase the tensile strength by
38% compared to plain bars. Bars with random distribution
of carbon fibers (2.25%) and random distribution of multi
walled carbon nanotubes, that is, 0.5% by the weight of
cement increase the tensile strength by 53.28% compared
to plain bars.Bars with random distribution of multiwalled
carbon nanotubes, that is, 0.5% by the weight of cement,
increase tensile strength by 19%.
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Table 4: Test results for MWCNT + CF reinforced cement composite Bar.

S. no. Specimen reference
Ultimate tensile

load (in kN)
Maximum

deflection (in mm)

1 Plain Bars (PBs) 11.45 3.32

2 Plain Bar + 2.25% of carbon fibers (A) 15.8 5.5

3 Plain Bar + 0.5% MWCNT (B) 13.65 4.25

4 + Plain Bar + 2.25% of carbon fibers + 0.5% MWCNT (C) 17.55 5.92

Table 5: Specifications of the tensile testing machine.

S. no. Particulars 500 mm

1 Maximum capacity 10 kN

2 Minimum graduation 10 N

3 Make Fine testing machine, Miraj

Stress-Strain Curves. Figure 2 shows the stress-strain curve
for the various specimens tested. It is known that even under
short-term loading, concrete does not behave as an elastic
material. However, up to about 10–15% of the ultimate
strength of concrete, the stress strain graph is not very much
curved and hence can give more accurate value. The stress
strain relationship of concrete which is a combination of
aggregate and paste together shows a curved relationship.
Perhaps this is due to the development of microcracks at the
interface of the aggregate and paste. Because the failure of
bond at the interface increases at a faster rate than that of the
applied stress, the stress strain curve continues to bend faster
with increase of stress.

Figure 2 shows the variation of stress strain diagram for
various composite bars under direct tensile load. On the
contrary, the stronger the concrete, the higher the modules
of elasticity. This can be explained that the stronger is the
concrete, the stronger is the gel and hence the less is the
strain for a given load. Because of lower strain, the modulus
of elasticity is higher.

It is noted from the curves that bars reinforced with 0.5%
MWCNT have lower strain, hence in terms have the higher
modulus of elasticity. In this case; it can be seen, that the
peak strain of bars with randomly distributed carbon fibers
(2.25%) and multiwalled carbon nano tubes (0.5%) is higher
than that of plain bars with about 44%.

3.1. Tensile Modulus. Tensile modulus gives the measure
of stiffness of the element, whenever the deflections are
to restrict the higher modulus is required. The higher the
tensile modulus, the lesser will be the deflection, that is,
the element behavior is stiffer in that case. It was seen that
tensile modulus of bars with random distribution of carbon
fibers (2.25%) was increased by 49.1% compared to plain
bars. Tensile modulus of bars with random distribution
of multiwalled carbon nanotubes (0.5%) was increased by
70.9% compared to plain bars. Tensile modulus of bars
with random distribution of CF (2.25%) and MWCNT
(0.5%) was increased by 60% compared to plain bars. In the
present case, higher tensile modulus was seen for the bars
with random distribution of multiwalled carbon nanotubes
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Figure 2: Stress-Strain behavior of various bars under Tensile
loading.
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Figure 3: Variation of tensile modulus for all the bars.

(MWCNT 0.5%), that is, 70.9% increase in the tensile
modulus when compared to the plain bars. The graphical
representation of tensile modulus is shown in Figure 3.

3.2. Deflection. Table 4 shows the variation of deflection
for different proportions of the cement composite bars.
The composite exhibits greater amount of deflections when
compared to plain cement mortar bars (PBs) and plain
cement mortar bars with carbon fiber reinforced bars (A).
The composites have the ability to carry greater loads, as
there is a need for greater amount of energy to produce the
cracks. Crack bridging nature of carbon fibers and carbon
nanotubes (C) results in an increased load carrying capacity
while undergoing greater amount of deflections. But there
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Figure 4: Moulds used for preparing round bars (half cell
openable).

Figure 5: Failure pattern of the composite bar under tensile
loading.

is a need for further study on this aspect as reported in the
literature [4]. It has been reported that with the increase in
MWCNT content, the Young’s modulus of the composite will
increase. This implies a greater stiffness of the material.

4. Conclusions

The study mainly focuses on the utilization of MWCNTs
and CFs in cement-based matrix for direct tension tests
leading to the development of a new material for structural
applications. From the study, the following conclusions were
drawn and are listed below.

(1) The results showed that there is a significant improve-
ment in the load carrying capacity of the composite
bars, compared to the plain bars (PBs). Plain Cement
bars with 2.25% carbon fiber reinforcement (A)
showed 38% increase in the ultimate load, where
as plain cement bars with 2.25% carbon fibers and
0.5% MWCNT (C) showed 54% increase in the load
carrying capacity. Presence of both fibers, that is,
carbon fiber and MWCNT has mainly contributed
to the improvement of tensile load carrying capacity.
Figure 5 shows the failure pattern of the composite
bars under direct tensile loading.

(2) Calculated tensile modulus values indicate that the
addition of CF and MWCNT (C) has increased
the tensile modulus of the composite significantly.
Tensile modulus values corresponding to the ultimate
load and tensile modulus corresponding to initial
slope of the stress strain curve showed an increasing

trend. Bars with 0.5% MWCNT (B) showed a
maximum tensile modulus.

(3) Bars reinforced with randomly distributed carbon
fiber 2.25% and multiwalled carbon nanotubes (C)
0.5% give higher tensile load carrying capacity.

(4) Ductile failure mode was observed in specimens;
failure strain capacity of 44% higher was observed in
bars with randomly distributed CF and MWCNT (C)
as compared with plain bars (PB).

(5) Since the addition of nanotubes to the bars, that
is, either reinforced to plain bars or reinforced
along with carbon fibers to plain bars will increase
tensile properties in terms of strength, strength to
weight ratio. This proves their ability to become an
ideal reinforcing material and it can be used for
the construction of structures subjected to seismic,
impact, dynamic, and so forth, loadings.
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