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Abstract
Cement concrete is the most commonly employed material in infrastructure 

development. The introduction of reinforcement with a higher tensile strength 
makes up for the relatively low tensile strength of cement in reinforced cement 
concrete. The effective load transmission between concrete and steel reinforcement 
by bonding action is one of the most crucial factors in the design of bar-reinforced 
concrete members. Being the material of the twenty-first century, graphene pos-
sesses several qualities, including high flexibility, Young’s modulus, and tensile 
strength. It is a suitable material for reinforced cementitious composite because 
of its exceptional qualities. Impermeable carbon-based nanoparticles with a high 
surface-to-volume ratio are known as graphene nanoplatelets (GNPs). GNPs are 
highly outstanding since they have greater mechanical, thermal, and barrier po-
tential, attributed to their high aspect ratio and plate-like structure. GNPs with 
exceptional mechanical properties have been widely used as reinforcing materials 
in a variety of sectors. This study analyzes how the addition of graphene rein-
forcement to cement concrete can enhance its qualities. The compressive strength 
and bond strength of steel with concrete composite have been proven to be im-
proved more effectively by GNPs. This research offers a fresh perspective on how 
GNPs have improved the cement composite.
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Introduction
The most often utilized building material worldwide is concrete. It doesn’t 

exist as an independent construction material as it constitutes of different ingre-
dients. Each constituent contributes its specific property leading to the devel-
opment of this marvellous material. With the advances in technology, research, 
and development, concrete has also developed from basic normal concrete to 
high-performance concrete. It has completely revolutionized the traditional mix-
es used in ancient times. The composite materials made of reinforcement with 
better tensile or durability strengths compensate for the relatively poor ductility 
and strength of concrete. It is evident from the research that fracture, unlike 
plastic yielding, causes failure to concrete. Numerous studies on this subject have 
been conducted, and the results suggest that to restrict the growth of micro-level 
cracking, nanoscale cracks must be halted to stop them from spreading to the 
micro-scale [1]. 

The development of industrial technologies for use in strengthening concrete 
has also advanced rapidly. Traditional cementitious composites are fragile and 
prone to fracture. Research and innovations in science and technology that began 
in the 21st century gave rise to nanotechnology, this innovation developed material 
in control dimensions between 1 and 100 nm. For the past decade, cement-
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composites. Many researchers have been exploring the use of 
graphene in cement and concrete in recent years. The present 
work carried out an investigation involving the study of bond 
characteristics developed between the reinforcement and the 
concrete doped by GNPs.

Krstek et al. who shared the 2010 Nobel Prize in Physics 
for their work, discovered graphene in 2004. Graphene is pure 
carbon, and the carbon atoms are organized in a single-atom-
thick sheet called a gingle. GNPs was produced from natural 
graphite, usually via chemical exfoliation, thermal stress, and 
shear, or in a plasma reactor. There are several different types 
of graphene, including sheets, powder, ribbons, and flakes. 
Depending on the size of the flake, it can be monolayer, 
multilayer, or nanoplatelet in powder form and is stable. The 
utilization of graphene in industrial applications has been made 
possible by several technological breakthroughs. Graphene, 
on the contrary side, was manufactured via high-shear liquid 
exfoliation of graphite powder, and it was utilized in concrete, 
in which it was found to significantly boost compressive and 
flexural strength with dense matrix formation [4]. 

Due to their widespread application, high efficiency, and 
enhanced compressive strength, cementitious materials are 
extensively used in the building sector. Low strain capacity, 
poor crack resistance, and low tensile strength are considered 
as the main limitations of this material. To solve the problem, 
researchers have concentrated on using alternate steel bars, 
fibers, and nanoparticles as reinforcing material. Nanomaterials 
offered more effective and efficient reinforcement by 
reinforcing the material at the nanoscale. The integration of 
steel bars or fibers increases the tensile strength of the material 
by delaying the development of microcracks (at the initial 
stage), leading to crack control at the nanoscale (before these 
micro levels develop into macro size cracks. Large-surface-area 
nanoparticles (particularly GNP) have been carefully examined 
for their capacity to serve as pore fillers plus seeding sites to 
create dense microstructure. As a potential replacement for 
the nanoscale reinforcement of cement-based composites and 
other structural materials, GNPs are now attracting a lot of 
attention. 

According to Shuang and Baomin [5], incorporating 
graphene can produce a cement mix which is  less viscous. 
Nanoparticles may adsorb calcium ions more effectively and 
have wider surfaces for overcorrosion, which results in free 
ion exchange. Adding well-dispersed graphene flakes greatly 
reduced the direction index of calcium hydroxide and stopped 
cracks from forming in a cement slurry, according to Liu et 
al. [6]. Tong et al. assert that the alteration of cement paste’s 
microstructure and enhancement of the interfacial interaction 
between it and the surrounding precipitated C-S-H gel depend 
on graphene [7]. According to Qi et al. [8], highly dispersible 
graphene has been found to increase the cement mortar’s 
toughness, including their impermeability and resistance to 
chloride penetration. Wang and Zhao [9] discovered that by 
incorporating small amounts of modified grapheme nanosheets 
into the cement paste, the penetration depth and coefficient of 
chloride ions could be reduced by 37% and 42%, respectively. 
The laboratory observations from the literature, which are 
presented in table 2, show that adding very small weight 

based products have frequently used nanomaterials, such as 
nanoparticles or nanofibers. These nanoparticles control crack 
initiation and development at the microscopic level. For the 
optimum design of reinforced cement concrete members, the 
dependable transmission of forces between reinforcement and 
concrete is desired. By creating a strong relationship between 
the two parties to transfer stresses between concrete and 
the strengthening reinforcing steel, strain compatibility and 
composite action can be created.

As a result of the growth of nanotechnology in the field of 
construction industry, numerous nanoparticles developed are 
being used within the cement matrix. Various carbon allotropes 
at the nanoscale such as carbon nanotubes, graphene oxide, 
and GNPs have found their place in the construction industry. 
Because of its outstanding chemical, mechanical, electrical, 
optical, and thermal capabilities, graphene has been employed 
in cement-based nanomaterials. Graphene has emerged with 
a new possibility as a nanosized cementitious additive. The 
origin of all graphitic forms is graphene and possesses versatile 
properties as enlisted in table 1 [2]. Due to easier synthesis 
from graphite or graphene oxide, multi-layer GNPs are more 
often used in practical applications. Future infrastructure 
can have a significant improvement in damage resistance 
and service life attributable to cementitious materials with 
improved performance.

Recently, the use of GNPs has attracted a lot of interest, 
which are made up of a few layers of graphene sheets, as a nano 
reinforcement in cement-based composites. Figure 1 illustrates 
the schematic representation of GNPs [3]. GNPs have a larger 
surface-to-volume ratio, a significant specific surface area, and 
a two-dimensional structure. GNPs are an excellent material 
choice for the development of nano-reinforced cementitious 

Figure 1: Schematic representation GNPs.

Table 1: Properties of GNPs [2].
Property Value

Young’s modulus 1.0 TPa
Intrinsic strength 130 GPa

Electrical resistivity 50 mΩcm (in-plane)
Thickness ~30 nm

Surface area ~2630 m2.g-1

Aspect ratio 50 - 300
Thermal conductivity 5.30 x 103 W.(mK)-1
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Graphene

Hexorp (Mumbai, Maharashtra, India) supplied the 
graphene used in our experimental study [16]. According to 
the technical datasheet included with the product, table 3 lists 
the details of the GNPs that were used. 

Mix proportions

Table 4 displays a detailed mix proportion of specimens 
made in compliance with Indian standards. By varying the 
replacement ratios of GNPs, new design mixes with different 
replacement levels (0.025, 0.05, 0.10, 0.15, and 0.20%) were 
produced. The ratio of cement to water was regulated at 0.40. 
A SP dosage was required to create a true slump with a slump 
of 75 ± 10 mm for both standard and modified concrete. The 
application of ultrasonic dispersion of GNPs was utilized in 
order to reduce the agglomeration of nanoparticles in the mix. 
The partial fraction of SP and water batched for mixing was 
added with the GNPs followed by sonication for a period of 
27 min in order to break particle agglomerates followed by the 
addition of same quantity to the designed mix.

Methodology

Workability

By performing a slump test, the workability of the GNP-
imbibed cement composite and plane concrete is assessed and 
compared. By adjusting the SP content in the corresponding 
modified concrete, a true slump of 75 ± 10 mm was maintained. 
The modification in each mix was made according to the 
demand to attain the true slump state. 

% levels of GNP significantly improves the cementitious 
materials’ strength qualities.

GNPs have evolved into one of the leading nano--
material for enhancing the mechanical properties of modified 
concrete with a meagre substitution percentage. Moreover, 
by this combination positive results have been achieved in 
reinforcement. However, based on findings from earlier work, 
the significant task to address is the effective and efficient 
dispersion of nanomaterials. Ineffective dispersion techniques 
influence the surface properties of the nanomaterial in the 
solution which have an effect on the degree of agglomeration.

Materials and Methods
Materials

Cement
Khyber brand, ordinary Portland cement grade 43 cement 

confirming to IS 8112:2013 was used.

Fine aggregate

River sand was utilised as the filler material for the 
concrete matrix. Sand confirming to Zone II, was obtained 
from river Sindh, from its middle course near free from clay 
coatings and other debris.

Coarse aggregate

Crushed river bed boulders with nominal size of 20 mm, 
available with the local stone crusher zone were utilised. The 
obtained batch of aggregates was crosschecked for the nominal 
size requirement and for other deleterious materials.

Water

For the production of concrete, available portable tap 
water was utilised. The average pH of water was tested to be 
6.7 to 7.0 and free from other undesired salts and materials.

Admixture

Superplasticizer (SP) Auramix-400 manufactured by 
Fosroc was used in our mixes. Auramix-400 is a advanced 
Low viscosity high performance SP, based on polycarboxylic 
technology.

Table 3: Properties of GNPs (as per TDS).

Property Value
Color Black

Material form Powder
Bulk density 0.30 g/cc

Average length 5 to 10 microns
Average thickness 3 to 8 nm
Number of layers 3 to 6 layers

Surface area 180 m2/g

Table 2: Summary of literature.

Matrix GNPs type GNPs con-
tent %wc

Water/ 
Binder Dispersion technique Performance improvement Ref.

Paste
GONPs 0.03 0.3 Mixer 41% tensile strength    at 28 days [10]

GNPs 0.05 0.35
Ultrasonication,

SP
15 - 24% compressive strength; 3 - 

8% flexural Strength [11]

Mortar
Multi-layer grapheme 1 0.6

Ultrasonication,

SP
21% flexural strength [12]

GNPs 0.4 0.5 Ultrasonication 1700% fracture energy [13]

UPHC

GNPs;
Diameter = 25 nm;

SSA = 300 m2/g
0.30 0.2 Ultrasonication,

SP

59% flexural strength;
40% tensile strength;

187% energy absorption capacity
[14]

GNPs;
Diameter = 30 nm;

SSA = 150 m2/g
0.30 0.2 Ultrasonication,

SP

203% flexural strength;
45% tensile strength;

153% energy absorption capacity
[15]
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Compressive strength

The resulting mixture was casted into cube moulds of stan-
dardised size. The molds were removed after 24 h, followed by 
curing for 28 days at a lab temperature of 25 °C.The molds 
were casted in 3 layers and vibrated adequately. To create a 
smooth surface, the tops of the specimens were levelled. Using 
a digital compressive testing machine with a 200 kN capacity, 
the comprehensive strength test of the cube was carried out. 
For the compressive strength test, an average of 3 cube samples 
were tested after 7 and 28 days of age.

Pullout testing

A 200 kN capacity universal testing machine was used 
to conduct the pullout test. In this test, monotonic loading 
speed was used, and force was supplied up until the steel bar 
yielded or slipped out of the specimen. Equation 1 was used to 
calculate the concrete’s ultimate bond stress.

P Lτ π φ= 					            (1)

Where, τ = Ultimate bond stress of concrete; P = Peak force 
in the bar; L = Depth of rebar penetration; and ɸ = Diameter 
of the bar.

For each concrete cylinder, a single reinforcing bar was 
positioned vertically in the centre. In order to grip the speci-
men in the testing instrument adequate length to be gripped 
is provided. One end of the bar was inserted into the cylinder 
and the other end was protruded 500 mm from the top of cyl-
inder. Cylindrical molds of 102 mm in diameter and 203 mm 
in height were used to fabricate all of the test specimens. Each 
time, the depth of rebar penetration was kept and noted in line 
with the fixed proportion to its diameter. These moulds were 
casted in three layers and were properly vibrated on the vibrat-
ing table together with the implanted steel bar. The moulds 
were removed after 24 h and maintained at room temperature 
for a 28-day curing period. The specimens were submerged for 
the curing all the way up to the top level in the water curing 
tank. Figure 2 displays the test configuration, loading direc-
tion, and specimen shape.

Results and Discussion
Workability

Workability is a broad technical property used to main-
tain the efficiency of each stage in construction and to achieve 
stable performance of fresh concrete. A true slump of 75 ± 10 

mm was to be maintained as specified in our design mix. In 
fact, the smoother the concrete will flow without segregation, 
the better the workability. Additionally, because workabili-
ty of concrete is related to its strength, it must be effectively 
managed. According to experimental findings, the workability 
of the concrete matrix decreased as GNPs in the matrix in-
creased. Thus, in order to maintain the true slump value for 
different concrete matrix the SP content was increased pro-
portionally. Figure 3, illustrates the SP demand per metre cube 
in order to maintain a true slump state. 

Compressive strength

	Figure 4 reports the compressive strength of the sam-
ples indicated in table 4. It is evident that the comprehensive 
strength of GNPs modified samples is significantly influenced 
by the percentage of GNPs. The pattern established shows that 
when GNPs content increased, the overall strength initially 
moved up and then decreased. Figure 4 shows that there is a 
wt.% at which the best overall strength may be reached. With 
respect to reference concrete mix in the current mix propor-
tion, adding 0.025%, 0.05%, 0.10%, and 0.15% of GNPs, there 
was an increase of 9.44%, 17.66%, 9.49%, and 1.24% in respec-
tive compressive strength. This rise in concrete’s compressive 
strength may be attributable to the matrix phase’s enhanced 
connections between the GNPs and the surrounding concrete. 
Due to their higher contact surface and surface transmission, 
GNPs can therefore be seen as the primary load-bearing com-
ponents. However, it is clear that concrete loses 1.68% of its 
compressive strength when GNPs are added at a rate of 0.02%. 
Maximum increase of 17.67% in comprehensive strength was 
observed at the incorporation of 0.05% GNPs in the concrete 
mix. 

Table 4: Mix proportions.

Mix proportion GNP % Cement (kg/m3) GNP (g/m3) FA (kg/m3) CA (kg/m3) Water (kg/m3) SP (g/m3)

0GNP 0 385 0 738 1175 154 2118

GNP025 0.025 384.90 96.25 738 1175 154 2176
GNP05 0.05 384.80 192.50 738 1175 154 2208
GNP10 0.10 384.61 385.00 738 1175 154 2311
GNP15 0.15 384.42 577.50 738 1175 154 2419
GNP20 0.20 384.23 770.00 738 1175 154 2475

Figure 2: The setup for the tension pullout test.
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Pullout testing

	Table 5 displays the results of the bar pullout test. Peak 
measured forces have been tabulated along with associated 
nominal bond stresses. In order to calculate the peak nominal 
bond stress, divide the achieved pullout force by the curved 
surface area of the bar’s of thesubmerged part as per useig 
equaiton 1. Failure in the tested samples was noted as a com-
bined process of pulling out and splitting conical cracks due to 
lower bearing capacity between the concrete and bars and sub-
sequent deformation. Crushing and radial crack growth was 
observed close to the bar that propagated to the top portion 
of the sample, marking their presence along with the failure. 
The outcomes reported above demonstrate that adding GNPs 
to the concrete improved the cohesiveness of the steel bar and 
concrete, causing a pullout force that is higher than the steel 
failure load. The findings showed that adding 0.05% of GNPs 
raised the bond tension by 16.8% for bar of 12 mm diameter 
with an embedded length of 108 mm (calculated as 9ɸ). 

Conclusions
•	 GNPs changed the concrete’s slump value when they were 

introduced. Workability decreased when GNPs content 
increased.

•	 In order to ensure working performance of GNPs modified 
concrete, appropriate amount of water-reducing agent 
should be incorporated into the mix.

•	 In comparison to neat concrete, GNPs modified concrete 
had a slight change in its overall strength. The total 
strength of GNPs in GNP05   increased by a maximum 
of 17.67% compared to GNPs in 0GNP.

•	 The ideal replacement percentage value, as measured 
by GNPs, was found to be around 0.05%. Up to the 
optimum point, the trend showed that the comprehensive 
strength increased linearly as GNPs content increased. 
The comprehensive strength however, declined with 
additional incremental substitution once the maximum 
had been reached.

•	 Due to the bridging effect, developed crack arresting 
mechanism induced by nano-reinforcement of GNPs, has 
enhanced the bond stresses.

•	 Due to improved adhesiveness, the use of GNPs reduced 
the early slippage of the inserted steel bar.
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