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Abstract— Cement-based concrete is a widely used material 

for a great variety of constructions. Although, cement has 

great properties and high performance, its intrinsic brittleness 

is a weakness that requires further investigation for 

improvement. Graphene demonstrates a number of excellent 

properties, such as high flexibility, 1TPaYoung’sModulus, 

130 GPa tensile strength, high electrical and thermal 

conductivity. This study investigated the feasibility of 

implementing graphene into the concrete matrix for 

improving its compressive and tensile or flexural strength. 

The aim of this research is to study the performance of 

Graphene cement concrete, and also to compare the 

compressive and split tensile of M25 concrete by replacing 

cement with 1% and 2% and 3% graphene oxide. To study 

compressive strength, cubes of 150mm x 150mm x 150mm 

size and for split tensile strength cylinders of 150mm 

diameter x 300mm length were casted. These specimens were 

tested at 28days, 56days and 90days of curing. The specimen 

were tested for its compressive and split tensile strength and 

found that the use graphene in concrete is a good advantage 

than Normal Concrete. 
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I. INTRODUCTION 

A. Background 

Cement-based concrete is the most commonly used material 

in civil infrastructure. Although cementitious materials have 

shown great properties, they are also quasi brittle materials 

with very low tensile strength and reduced strain capacity. 

 The research aims to address the weaknesses of 

cement in different ways. Scientific research is conducted in 

different directions. The most prevalent research method 

gives emphasis on a bottom-up approach of the problem with 

a multi scale evaluation from atomic level to nanoscale, then 

microscale and finally mesoscale level. 

 According to So bolev and Gutierrez (2005) 

nanotechnology can change the world and specifically for 

cement-based materials, focusing on their structure at the 

nano scale will possibly give us more information on how we 

could improve its characteristics. As a result, concrete could 

become stronger with increased durability, increased strain 

capacity and other innovative properties. Later on, Sobolev 

and Shah (2008) suggested that with the development of 

nano-technology new generation of cementitious materials 

could be produced in the future: 

 Cement-based materials with engineered nano and micro 

structures could exhibit supreme durability. 

 Self-healing materials and repair technologies utilizing 

fullerenes, nanoparticles, nanotubes, nanotubes and 

chemical admixtures. 

 Self-cleaning, non- shrinking and low thermal expansion 

materials or even smart materials such as temperature-, 

moisture-, stress- sensing materials. 

 Recent research has indicated that using 

nanomaterials (carbon nanotubes, graphene, titanium oxide, 

and nanosilica and nano alumina) can significantly improve 

cementitious materials. However, the high cost and the time-

consuming procedure of production are very important 

factors that need great consideration .Such research for 

graphene has shown that there is strong connection between 

the structure and the performance of graphene-cement 

nanocomposites (GCNCs). The functionalized graphene-

Nano platelets had improved interfacial strength, which in 

turn improves their mechanical properties. 

 In this research the concrete specimens with 

2%Graphene Oxide (GO) replaced with cement had increased 

in its tensile strength and also that there was good bonding 

between the GO surfaces and the cement matrix. The concrete 

specimens with 3%Graphene Oxide (GO) replaced with 

cement had rapidly decreased in its tensile strength and also 

that there was poor bonding between the GO surfaces and the 

cement matrix. The Concrete with GO had increased calcium 

silicate hydrates (C-S-H) gels in comparison with normal 

cement concrete. As far as it concerns this master thesis, a 

feasibility study was conducted in order to investigate the 

compatibility of the functionalized graphene with the cement 

concrete hydrates. 

B. Purpose & Objectives 

The main purpose of this thesis is to investigate the feasibility 

of functionalized graphene for compatibility with cement 

hydrates and reinforcement steel. The main objectives of this 

thesis are: 

1) Literature study of cement concrete bonds with nano-

materials such as graphene and their properties. 

2) Investigation of the compatibility by testing compressive 

and tensile strength of hardened cement specimens 

mixed with graphene oxide 

C. Introduction to Graphene Oxide 

Graphene is an allotrope of carbon in the form of a two-

dimensional, atomic-scale, honey-comb lattice in which one 

atom forms each vertex. It is the basic structural element of 

other allotropes, including graphite, charcoal, carbon 

nanotubes and fullerenes. It can also be considered as an 

indefinitely large aromatic molecule, the ultimate case of the 

family of flat polycyclic aromatic hydrocarbons. 

 
Fig. 1.0: Graphene & Its Band Structure & Dirac Cones, 

Effect of a Grid on Doping 
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 Graphene has many extraordinary properties. It is 

about 100 times stronger than the strongest steel. It conducts 

heat and electricity efficiently and is nearly transparent. 

Graphene also shows a large and nonlinear diamagnetism, 

even greater than graphite, and can be levitated by Nd-Fe-B 

magnets. Researchers have identified the bipolar transistor 

effect, ballistic transport of charges and large quantum 

oscillations in the material. 

 Scientists have theorized about graphene for 

decades. It has likely been unknowingly produced in small 

quantities for centuries, through the use of pencils and other 

similar applications of graphite. It was originally observed in 

electron microscopes in 1962, but only studied while 

supported on metal surfaces. The material was later 

rediscovered, isolated and characterized in 2004 by Andre 

Geim and Konstantin Novoselov at the University of 

Manchester. Research was informed by existing theoretical 

descriptions of its composition, structure and properties. 

High-quality graphene proved to be surprisingly easy to 

isolate, making more research possible. This work resulted in 

the two winning the Nobel Prize in Physics in 2010 "for 

groundbreaking experiments regarding the two-dimensional 

material graphene." 

 In this experimental study, the reinforcing effects of 

graphene oxide (GO) on Portland cement paste are 

investigated. It is discovered that the introduction of 0.03% 

by weight GO sheets into the cement paste can increase the 

compressive strength and tensile strength of the cement 

composite by more than 40% due to the reduction of the pore 

structure of the cement paste. Moreover, the inclusion of the 

GO sheets enhances the degree of hydration of the cement 

paste. However, the workability of the GO-cement composite 

becomes somewhat reduced. The overall results indicate that 

GO could be promising nano fillers for reinforcing the 

engineering properties of Portland cement paste. 

1) Advantages 

 Higher compressive and tensile strength 

 More durable 

 Corrosion resistance Technology 

 High aspect ratio and porosity 

 Very high electro-sorption capacity 

 Very thin exfoliated sheet 

 Ultimately high purity. 

D. Cement-Graphene Compatibility 

The atomic structure of C-S-H gel to further understand the 

mechanism of cement hydrates making bonds with the 

graphene, it is crucial to investigate cement’s hydration. After 

mixing the cement powder with water, a myriad of chemical 

reactions happen and a rigid, complicated and porous material 

is formed, called cement paste. 

 Actually, the cement paste can be also described as 

a composite material consisted of calcium hydroxide crystals 

(portlandite), aluminates and non-hydrated cement, and 

anamorphous gel called C-S-H (Calcium-Silicate-Hydrate) 

gel. This gel dominates the most important hardened 

properties of cement paste, such as its strength and stiffness. 

 Several models have been proposed for modeling 

the C-S-H gel’s nanostructure. C-S-H has a crystalline 

structure but it has elements and pores of several sizes. Some 

studies stated either that C-S-H has an amorphous structure 

(Damme et al., 2006) orthat C-S-H has crystalline structures 

(Manzano et al., 2007). 

 There are more than 30 different crystalline 

structures mainly represented by the 14-Åtobermorite and 

jennite. The amorphous gel structure is very difficult to 

model. C-S-Hgel is often referred with its Ca/Si ratio, which 

varies between0.7 to 2.3. This high variability explains the 

reason why the extensive research conducted so far has not 

given a precise picture of the C-S-H nanostructure or how we 

could reinforce and enhance its properties. Besides that, the 

chemical composition varies within the cement paste. Thus, 

in order to investigate the nanostructure of C-S-H, more 

parameters need to be investigated such as: the variations of 

the Ca/Si ratio, silicate structure, and contents of Si-OH and 

Ca-OH (Chen et al., 2004). 

 
Fig. 1.1: Atomic Models of the Bermorite & Jennite Crystals 

 To bermorite has Ca/Si ratio of 0.83 and density of 

2.18 g/cm3, whereas Jennite has Ca/Si ratio of 1.5 and density 

of 2.27 g/cm3. Richardson (1999) introduced two models for 

the C-S-H gel’s structure: to be rmorite/jennite (T/J) models 

and the bermorite/calcium hydroxyl (T/CH) models. In 

addition, Richardson (1999) suggested that the C-S-H gel 

structure may have glass-like and crystalline properties due 

to the mineral to bermorite. The atomic structures proposed 

were: 14-ÅCa5Si6O16 (OH) 2⋅7H2O for to bermorite and 

Ca9 (Si6O18) (OH) 6⋅8H2O for jennite. 

 The tunnelling electron microscope (TEM) showed 

that the shape of C-S-H resembles disks of 5 nm thickness. 

During the hydration phase, C-S-H gels are classified in two 

categories depending on their density: (HD) High Density C-

S-H gels and (LD) Low Density C-S-H gels, which also have 

different mechanical properties. The ratio of high density to 

low density C-S-H gels depends on the design of the mixture. 

 Jennings (2000) suggested that C-S-H gels have a 

colloidal structure with different packing densities. Increase 

in the packing densities means higher number of contacts 

between the particles of the cement paste. The HD C-S-H gels 

have greater stiffness and hardness due to the fact that they 

have more contacts between the particles. 

1) The Atomic Structure of Graphene & GO 

Graphene originally comes from single-layer carbon atoms 

well-packed in 2DHoneycomb lattice and is the main element 

for the synthesis of all the other graphitic materials of all 

dimensions. It can be found closed in 0D fullerenes, wrapped 

in 1Dnanotubes or stacked in 3D graphite (Geim et al., 2007). 
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 The atomic structure of graphene can be easily 

understood if the elemental carbon and its 3D allotropes are 

studied. The atom of carbon has atomic number 6, which 

means that its atomic orbital’s are: 1s2, 2s2, 2px1 and 2py1. 

The atom of carbon is tetravalent, which means that only the 

four exterior electrons participate in covalent bonds. 

 
Fig. 1.2: Graphene as a 2D Building Material for Carbon 

Materials of all types of Dimensions 0D Bucky Balls, 1D 

Nanotubes or Stacked in 3D Graphite 

The following figure shows the atomic orbital diagram of a 

carbon atom at ground state (case a) and later on hybridized 

to sp3 form (case b) of the diamond and the hybridized sp2 

form (case b) of the graphite and graphene. 

 
Fig. 1.3 The Atomic Orbital’s of Carbon Element 

 Graphene is a 2D layer material and has one atom 

thickness, sp2 covalent bonded carbon atoms, which form a 

honey-comb crystal lattice. The intrinsic strength of graphene 

is 130 GPa and its Young’s modulus is 1 TPa according to 

nano indentation atomic force microscopy(AFM) for a single 

layer graphene sheet (Lee et al., 2008).Graphene’s planar 

structure is beneficial for bondings on the upper and bottom 

surface in close distance with the hosting material. The 

theoretical specific surface area of a single sheet of graphene 

could be 2630 m2/g, which is even higher than that of carbon 

nanotubes (Zhu et al., 2010, Peigney, 2001). The bigger the 

surface area is, the more possible it becomes to interact 

physically and chemically with the host material and enhance 

the bondings formed between these two materials. Although, 

graphene is extremely attractive due to its remarkable 

properties, there is significant difficulty to produce more than 

small quantities and lower the cost of production in order to 

facilitate its massive production and industrial application 

(Alkhateb et al., 2013). 

 For this reason, Graphene Oxide (GO), which is a 

graphene derivative, has been examined as an alternative 

nano materials to graphene. Graphene Oxide is also a single 

layer material of sp2 hybridized carbon atoms derivative by a 

mixture of hydroxyl land epoxy functional groups (Warner et 

al., 2013). The following figure shows the graphene oxide 

structure with its oxygen, hydroxyl and carboxyl 

functionalities above and under the basal plane according to 

Lerf’s schematic model (Lerf et al., 1998). 

 
Fig. 1.4: Graphene Oxide Structure with its Oxygen, 

Hydroxyl and Carboxyl Functionalities 

 Morphological relationships between the fresh 

cement paste and Graphene Well-dispersed graphene and 

good interfacial interactions between the graphene nano 

particles and the cement matrix are essential for succeeding 

increase of mechanical and physical behaviour of cement 

paste. 

 It is difficult for graphene and other graphite nano-

materials to be well-dispersed into the cement matrix, since 

the cement’s particles are in the micro-scale in an aqueous 

solution. The hardened cement paste includes micro- to nano-

sized pores, which also limit the contact surface area of 

graphene with the cement hydrates. Graphene and other 

graphite nano materials could take the space between the 

micro-sized particles of the cement paste. To achieve 

thorough dispersion in the cement matrix, micro-scale cement 

particles could be partially replaced by silica fume nano-

particles. This way, the particle size distribution would be 

improved and uniform dispersion would be achieved. 

 
Fig. 1.5: Particle Size & Specific Surface Area Related to 

Concrete Materials 

 

 During hydration, the cement particles react with 

water and conceive partially the space between them. The rest 

space is occupied by the remaining water and micro scale 
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capillary pores are formed. The hydrated cement consists of 

C-S-H particles (where the main binding force between them 

is Vander Waals bonds), micro-scale CH crystals, capillary 

pores and gel pores with calcium silicate hydrate and other 

hydration products. 

 The water/cement ratio affects the amount of 

capillary pores in the hydrated cement paste. In addition the 

calcium hydroxide micro-scale C-H crystals’ specific surface 

area is smaller than the other hydration products, thus their 

ability to make bonds with graphene is limited. Hence, the 

presence of micro-scale pores and crystals limits the 

interaction of graphene and hydrated cement particles. 

 Better particle size distribution of the fresh cement 

paste and also use of super plasticizers (surfactants) to 

increase the cement’s workability and use less water(thus 

dense cement) would refine the micro-morphology of cement 

and improve graphene’s reinforcement efficiency. 

 Fictionalization of graphene and its derivatives 

could improve their compatibility with the cement hydrates, 

forming stronger chemical bonds (Sadiq, 

2013).Functionalized graphene could benefit both its 

dispersion in aqueous solution and reinforce the interfacial 

bondings with the cement hydrates. However, 

functionalization techniques should be further improved in 

order not to excessively damage the graphene’s structure. 

E. Graphene-Cement Nanocomposites 

To investigate the effects of graphene and its derivatives on 

the cement’s overall response a multiple approach from nano-

level to micro-level is needed in order to identify the 3D 

model of its structure and observe the interactions between 

graphene and cement particles. 

 The graphene nanoparticles are expected to improve 

the cement matrix in a nano scale and therefore its micro scale 

structure. There has been a lot of research focused on single 

wall carbon nanotubes and multiwall carbon nanotubes, as 

well as on their functionalization and the carbon nanofibers, 

but little research has been conducted on graphene 

functionalized with functional groups, which would 

participate in bonds with the cement oxides. Hence, there is 

great need for further research to broaden our knowledge on 

the mechanical, thermal and physical behaviour of the graph 

enactment nano composites. 

 With respect to previous research studies, graphene 

embedded to the cement matrix is expected to improve 

cement’s toughness and more specifically its tensile, 

compressive, or bending and interfacial strength. The 

functionalization of graphene using the remained oxygen 

atoms of functional groups or grafting the desirable 

molecules to react with the molecules expected to make the 

bonds with cement particles is a new field of interest in the 

graphene-cement nanocomposites that may change the future 

of their civil engineering applications. 

F. Cement Enhanced by Graphene 

In 2013, Alkhateb et al. (2013) showed a series methods to 

investigate the properties of Cementous material reinforced 

by graphene Nano platelets. In this research, the authors 

presented a general framework for using a systematic 

approach to study the Cementous materials. These research 

approaches include molecular dynamics simulations (MD) as 

well as observation via atomic force microscopy (AFM), 

scanning electron microscopy (SEM). 

 
Fig. 1.6: Schematic Diagram of Regulation Mechanism of 

GO on 

 Cement hydration crystalsLv et al. (2013) presented 

research about the effect of graphene oxide nanosheets (GO) 

in cement composites. The graphene nanoplatelet used in this 

research is relatively small (<30 μm). The functionalized 

graphene is treated by 98% H2SO4 and NaNO3.Based on the 

XRD tests and SEM, the authors speculated that tricalcium 

silicate C3S (Ca3SiO5), dicalcium silicate C2S (Ca2SiO4) 

and tricalcium aluminate C3A (Ca3Al2O6), which are the 

major ingredients of unhydrous cement, react preferentially 

with functional groups (-OH, -COOH and -SO3H) on the 

surface of GO. 

 
Fig. 1.7: Schematic diagram of reaction between graphene 

and cement Sedaghat et al. (2013) and his team also put 

forward their theory about the mechanism of the 

improvement of material properties caused by GO. The 

authors claimed that graphene reacts with Portland cement in 

the hydration process (Figure 1.7). By measuring thermal 

diffusivity, the authors indicated that the reaction between 

graphene and cement can improve concrete heat dissipation 

during the hydration process. This led to thermal cracking 

decrease in specimens so that graphene could improve the 

strength of the cementitious materials. 
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II. REVIEW OF LITERATURE 

A. Introduction 

The purpose of this literature study is to investigate the study 

of past results and developments of the new potential for 

improving the properties of Nano particles in Concrete. It 

provides a new approach to identify some of the problems 

that are associated in the research work. Various results are 

discussed in this section. 

B. Literature Reviewed 

AhmadrezaSedaghat et al, [1] studied about the thermal (heat 

sink property) and micro structural changes in the hydrated 

graphene-Portland cement composites. Thermal diffusivity 

and electrical conductivity of the hydrated graphene-cement 

composite were measured at various graphene to cement 

ratios. 

 They prepared a commercially available Portland 

cement and graphene platelets of 110 × 110 × 0.12 nm 

(Angstrom Materials, N008-100-N) were used in this study. 

All other chemicals and materials were used as purchased 

without any modifications. Heat of hydration of Portland 

cement was assessed by using a TAMIR isothermal 

conduction calorimeter. Scanning electron microscopy 

(SEM) was implemented to study micro structural changes of 

the hydrated graphene-cement composites. The mineralogy 

of graphene-cement and the hydrated graphene-cement 

composites was investigated by using X-ray diffraction. 

 They concluded that Incorporation of graphene 

nanoparticles in cement paste showed interesting 

modifications in micro structural, morphological, electrical 

and thermal properties of the paste. Thermal diffusivity and 

electrical conductivity were found to increase with increasing 

the graphene content in the composite. The increase in 

thermal diffusivity of the hydrated graphene cement 

composite is a clear indication of the heat sink capacity of 

graphene. The impact of the incremental increase of graphene 

on the electrical conductivity of the composites indicates the 

potential of using graphene in application where electrostatic 

dissipation (ESD) of char- ge is desirable. 

 AbolfazlHassaniet al, [2] studied the mechanical 

strength of graphene-cement nanocomposites containing 0.1–

2 wt% GO and 0.5 wt% super plasticizer was measured and 

compared with that of cement prepared without GO. 

 Type I Portland Cement (Tehran Cement, Iran) 

mortar was used in this study. Chemical and physical 

specifications for this type of cement and its allowable 

rangesin accordance with National Iranian Standard No. 

389.To produce cement mortar containing different 

percentages of GO and a control sample containing no GO, 

one part cement and three parts Ottawa standard sand(by 

weight) were mixed to prepare the mortar samples. Three 

specimens were fabricated from the same batch for use in 

tensile strength tests. The mix proportions for the samples, 

which had different GO contents of 0.1, 0.3, 0.5, 1, 1.5, and 

2 wt%. The specimens were moulded in briquette moulds 

with width and depth of 25 ±0.5 mm at the waist line. The 

specimen materials were left in the mould at the relative 

humidity of 50 % for 24 hours. Before testing, the specimens 

were cured for a period of 27 days in a water bath at 23 ±2 

°C. 

 They concluded that the tensile strength of the 

specimens was observed to increase with nano-GO 

percentage un till reached to 1.5 %, after which a decrease in 

tensile strength was observed for 2 wt% GO content. 

 Radhika Pavgiet al, [3] investigated the effect of 

amount of graphene nano platelets on the mechanical and 

electrical properties of mortar. GNP was added to mortar in 

0.1%, 0.3% and 0.5% by weight cement and the compressive 

strength, flexural strength and the electrical resistivity of the 

mortar was measured. 

 To conduct the experiment, four separate batches of 

mortar containing various levels of graphene nanoplatelets 

were mixed. Each batch of mortar was mixed as per ASTM 

C109, maintaining a water to cement ratio of 0.485 (14). Type 

I/II cement, water and natural silica sand were used in the mix 

design. Type C Graphene with a surface area of 300 m2/g, 

obtained from XG Sciences, was used in preparation of the 

GNP reinforced mortar. In order to aid in dispersion of the 

GNP and to increase the workability of the GNP reinforced 

mortar, a surfactant, sodium deoxycholate was stirred into the 

mixing water by hand for 5 minutes. The measured GNP was 

then added to the mixture and the solution was ultrasonicated 

for 1 hour in a bath ultrasonicator. The solution was then 

mixed with the sand and cement and cast into six 50.8mm x 

50.8 mm cubes and four 40mm x 40mm x 160 mm prisms, 

and tamped as per ASTM standards. The 28 days 

compressive strength of the mortar prisms was measured 

using a compressive test machine, the flexural test results 

included the peak flexural load data collected from the 

loading machine and both the digital image correlation (DIC) 

data and the laser deflection data, the electrical resistivity of 

the prisms was measured using a Wenner four probe 

apparatus. 

 They concluded that the GNP reinforcement at 

0.1%, 0.3% and 0.5%, does not significantly increase or 

decrease the compressive and flexural strength of mortar. The 

GNP reinforcement increases the stiffness of the mortar at 

0.1%, however the stiffness returns to that of the control, as 

the amount of GNP increases to 0.5%. Higher percentages of 

GNP by weight of cement are required to observe a change in 

resistivity. 

 Valles Romero José Antonioet al, [4] studied the 

effect of the incorporation of nanomaterials disclosed in low 

doses for increased resistance in the concrete, better hydration 

and improve the microstructure and mechanical properties of 

the concrete. 

 They made the average compressive strength 

obtained in this investigation for concrete samples with the 

dosage base reference (fc = 350kg / cm2).They evaluated the 

compressive strength of concrete at 7, 14 and 28 days, 

samples with particles noticing a high resistance to 

compression, this difference in resistance is caused by the 

pozzolanic reaction with particles of nano-silica and 

evaluated higher amount of cement-Silica-Water. They 

concluded that the Nanoparticles graphene oxide improves 

the mechanical properties of the concrete, both compression 

and flexural strength, concrete samples were tested with 

graphene oxide in percentage of 2% to 6% by weight to obtain 

high strengths. 

 ElzbietaHorszczaruket al, [5] studied about 

assessing how 3 wt% of graphene oxide incorporated into the 
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cement can affect the microstructure and physical–

mechanical properties of the cement composite. Therefore, 

here they present study on early age mechanical response of 

the cement mortar modified with graphene oxide using 

atomic force microscopy (AFM). The kinetics of the 

hydration process was investigated by Infrared, Raman, X-

ray diffraction (XRD) techniques. The morphology of the 

nano composite was revealed by the scanning electron 

microscopy (SEM). 

 Two types of the samples have been prepared: the 

reference sample (OPC, water and sand) and the sample of 

OPC containing 3 wt% of the graphene oxide (GO3). The 

nananocomposite was prepared according to the following 

procedure: first, grapheneoxide was suspended in distilled 

water and sonicated for 3 h until the homogeneous solution 

was obtained. Next, OPC was added to the mixture. In both 

samples water to cement ratio was kept the same (W/C = 0.6). 

At the end, the sand has been added. In the final stage the 

cement mortar was placed on the smooth glass to avoid the 

grinding process of final sample. Throughout the ripening 

process the samples were stored in a humidity chamber at 

constant temperature of 200c. Schematically, this process of 

the cement/GO nanocomposite formation is presented. High 

resolution transmission electron microscopy (HRTEM, FEI 

Tecnai F30) and atomic force microscopy (AFM – 

Nanoscope V Multi Mode 8, Bruker) were used to study the 

morphology of GO. 

 They concluded that in summary, it is shown that 

graphene oxide additive in the amount of 3 wt% in cement 

results in significant enhancement of Young’s modulus. 

Furthermore, the kinetics of the hydration process is not 

strongly affected by the incorporation of graphene oxide into 

the cement. The morphology of the modified sample is almost 

the same as the reference material meaning the homogeneous 

distribution of the GO flakes in a cement matrix. This route 

can pave anovel way to prepare cement paste with strongly 

enhanced mechanical properties. 

 Juan Chenet al, [6] studied about the Graphene 

oxide-deposited carbon fibre (GO-CF) was obtained by 

introducing GO onto CF surface through electropho-retic 

deposition method. 

 Portland cement 42.5 was used. The sand met ISO 

standard. T700SC CF (12 K, 0.8 g/m), with an average 

diameter of 7–8 lm, was supplied by Toray Company, Japan. 

Graphite powder (8000 meshes, 99.95%) and methyl 

cellulose were purchased from Aladdin Industrial 

Corporation. Concentrated sulfuric acid (H2SO4), sodium 

nitrate (NaNO3), potassium permanganate (KMnO4), 

hydrogen peroxide (H2O2), and ammonium hydrogen 

carbonate (NH4HCO3) were of analytical grade and 

purchased from Sinopharm Chemical Reagent. 

 The mortar mixtures were prepared in a mortar 

mixer. The CF and the GO-CF were cut to 3–5 mm before 

added to the mortar. They were used in the amount of 0.1%, 

0.2%, 0.3%, 0.4% by mass of cement, respectively. Methyl 

cellulose was used as primary dispersant in the amount of 1% 

by weight of water. Water/cement (w/c) mass ratio was 0.48. 

Sand/cement (s/c) mass ratio was 1.0. Firstly the methyl 

cellulose was added in water and stirred. Then the CF or the 

GO-CF was added to form a uniform mixture. Finally the 

cement was mixed with this mixture and then cast in silicone 

moulds. After 24 h, the specimens were removed from the 

moulds and transferred to a moist-curing room for 7 days 

before EMI SE testing. The specimen size for EMI SE 

measurement was 22.6 mm * 10 mm * 5 mm and for the 

flexural strength/the compressive strength tests was 40 mm * 

40 mm*160 mm. 

 They concluded that GO sheets were introduced on 

CF surface successfully by the electrophoretic deposition 

method. The GO-CF showed good dispersion in water and 

cement matrix. For both the CF/cement composite and the 

GO-CF/cement composite, the SE increased with fiber mass 

fraction increase, and the dominant shielding mechanism was 

absorption. GO-CF was found to be more effective than CF 

in improving EMI shielding of cement-based composites, 

especially in 0.4 wt. % GO-CF content. With 0.4 wt. % GO-

CF and a shield thickness of 5 mm, a SE of 34 dB was attained 

at X-band region (8.2–12.4 GHz), which had 31% increases 

than that of CF/cement composite in the same mass fraction. 

For GO-CF/cement composite, the increase of SE was mainly 

dominated by absorption increase. The GO-CF is believed a 

promising filler of cement-based composites for high EMI 

shielding. 

 Andrew Quinnet al, [7] studied about explore and 

develop methods to improve the properties of cement mortar 

with a small quantity of Graphene Oxide (GO) flakes. Three 

sets of tests were carried out to determine the effect of GO 

flakes on the tensile, compressive and flexural strengths of 

cement mortar. In addition, thermal cracking and void 

propagation in the mortar were also investigated. 

 The cement mortar used conformed to BS EN 196-

1:2005 – the mix comprised of 3 parts sand, 1 part cement 

and 0.5 parts water. 0.5% GO flakes were first dispersed in 

the water using an ultrasonic bath. The GO water and CEM1 

cement was then mixed into a cement slurry using a high 

speed mixer at a speed of 1000RPM. For tensile strength, 16 

briquette samples of 25mm were used in accordance to 

ASTM C307-03:2012 at 2 days and 28 days after casting. For 

thermal performance, the internal and external temperature 

was logged over the first 48 hour period after casting, using 

thermocouple probes. Compressive strength testing of 

cylindrical samples (12 cylinders – diameter of 38mm and 

height of 38mm) was also conducted at 28 days. The flexural 

strength testing was conducted using a standard 3 point 

bending test at 28 days (4 unreinforced concrete beams – 

100mmx100mmx500mm). The concrete beams were tested 

with 10mm thick cement mortar mixed with/without GO 

flakes to the bottom of the beams. 

 They concluded that the void and crack propagation 

had reduced by 15% and compressive strength had increased 

approximately equal to twice that of the ordinary cement, the 

flexural tests of concrete beams showed the inclusive results. 

 Vandenberg1Aileenet al, [8] studied about Heptane-

graphite emulsion or pristine non-oxide graphite was 

incorporated into high-strength cement paste (HSC) using 

either a standard paddle mixer or a non-contact low-

frequency acoustic resonance mixing technology by 

Resonant Acoustic® Mixing (RAM). 

 Type I white cement conforming to ASTM C150 

(ASTM C150 / C150M-15, Standard Specification for 

Portland cement) was used in all the mixtures. A 

commercially available high-range water reducer (HRWR) 
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conforming to ASTM C494 (ASTM C494 / C494M-15, 

Standard Specification for Chemical Admixtures for 

Concrete) Type A & F polycarboxylate (PCE) super 

plasticizer (SP), with specific gravity 1.060 and solid content 

of 29%, was used at 0.2% by weight of cement (bwoc). Nano-

24 grade graphite from Ashbury Carbons was chosen for its 

average flake size of 1 μm. The surface area is 350 m2/g and 

lamella thickness index (LTI) is 7-8. The graphite to cement 

ratio was set to 0.005% bwoc. Five series of samples were 

prepared, normal strength paste (w/c 0.30) with and without 

pristine powdered graphite and high strength cement paste 

(w/c 0.25, 0.2% HRWR) with or without either pristine 

powdered graphite or heptane-graphite emulsion. Mixing was 

performed using either a three-speed Hobart laboratory bench 

mixer with a standard designated paddle or a LabRAM 

mixing device which utilizes Resonant Acoustic® Mixing 

(RAM) technology. RAM technology uses a non-contact 

mixing technology that subjects the media to a high intensity 

acoustic energy for rapid fluidization. For the HSC_NG 

samples, the HRWR was added to the water first, and then it 

was added on top of the cement powder and mixed between 

3 – 5 minutes. ASTM C109- Standard Test Method for 

Compressive Strength of Hydraulic Cement Mortars (Using 

2-in. or [50-mm] Cube Specimens) was followed for the 

compression testing. Specimens were cast in 2-in. (50-mm) 

cubic brass moulds and vibrated for approximately 30s. The 

specimens were covered and placed in a controlled curing 

room for 24h at 20°C (68°F) before being demolded and 

placed in a lime-saturated water bath at the same temperature. 

28 day strength samples were aged via a heat steam curing 

method for 48h at 95°C (68°F). Samples were tested at 3d, 

7d, and 28d equivalent. Three-point bending testing was 

performed on specimens to obtain the maximum flexural 

strength at 3d, 7d and 28d equivalent. Beams with average 

dimensions of 16 in. × 1 in. × 0.5 in. (40.6 cm × 2.5 cm × 1.3 

cm) were cast in a high-density polypropylene (HDPE) beam 

mould. They were demolded after 24h and then placed either 

in the curing water tank or the steam cure tank to obtain their 

respective strengths. 

 They concluded that in this study pristine graphite 

and a heptane-graphite emulsion were introduced into high 

strength cement paste and normal strength cement paste. A 

focus on mixing technique and mechanical strength (flexural 

and compressive) were used as an indirect assessment tools 

to determine whether pristine, non-oxide form of graphite 

either in powder form or in an emulsion with heptane changed 

the properties of high strength cement paste. Of the two types 

of mixing devices used, a standard Hobart paddle mixer or 

Resonant Acoustic® Mixing, the Resonant Acoustic® mixer 

showed an average of 73% increase in flexural 7 day strength 

with pristine powdered graphite high strength cement. Mark 

Thompsonet al, [9] studied about the ability to improve 

concrete strength has significant performance benefits for 

major industrial applications, particularly in the global 

construction and infrastructure sectors. 

 Strength tests were designed to industry testing 

standards and conducted on 150mm x 150mm x150mm 

concrete ‘cube’ samples and 160mm x 40mm x 40mm 

‘prism’ samples at 28-day cure time utilizing a European 

industry cement, sand, aggregate, tap water and cement 

lubrication plasticiser. 

 They concluded that the Independent laboratory 

testing yields significant strength increases using Talga’s 

graphene additives in concrete,26% increase in flexural 

strength at 28 days cure time14% increase in compressive 

strength at 28 days cure time was observed, Enhanced 

strength can produce lighter and longer life concrete products 

sought by industry to meet increasing global urbanisation and 

infrastructure demand. 

 M. Muruganet al, [10]studied in this experimental 

study, the effects of 2D reduced graphene oxide (rGO) sheets 

on the properties of Portland cement paste in comparison to 

popularly reviewed nanomaterials like aluminium oxide, 

Nanopowder (n-Al2O3) and colloidal silicon dioxide 

nanoparticles (n-SiO2) were investigated. 

 Four different cement paste mixes with a water to 

cement (w/c) ratio of 0.32 and dispersion agent (PCE) of 

0.05% by weight of cement was prepared. For paste 

preparation, the ingredients were mixed in a high speed 

Hobart mixer for 12 min. After mixing, the mini slump test 

was conducted to determine the flow ability; the remaining 

paste was used for casting specimens of size 25 X25 X 25 mm 

and20 X 20 X160 mm for determining the compressive and 

flexural strength respectively. Consolidation was performed 

using a vibration table. The specimens were demolded after 

24 h and then cured in saturated limewater solution at room 

temperature (25 ± 20C) for7 and 28 days. Water sorptivity 

test was performed on the specimens of size25 X 25 X 12.5 

mm (sliced from the 25 mm cubes) after 7 and 28days. After 

curing, the specimens were stored in acetone for the next two 

days to arrest the hydration followed by air drying for two 

days. Further, the dried specimens were kept in a shallow tray 

of size not less than 150 X 75 mm with roller arrangement. 

 They concluded that the addition of nano materials 

(rGO, n-Al2O3 and n-SiO2) reduces the workability of OPC 

paste. The use of nanomaterials increases the compressive 

and flexural strength of cementitious paste at early and later 

ages. Inparticular, the mechanical performance of 0.02% rGO 

nanosheets was found efficient than the spherical/angular 

shaped nanomaterials (n-Al2O3 and n-SiO2).The 

nanomaterials decrease the mass porosity and water 

sorptivityof OPC at 7 days compared to the control paste. 

However, there is a marginal increase at 28 days, possibly 

owing to the sorbing nature of these materials. 

 S. N. A. Azraaiet al, [11] studied about the 

experimental study consists of a characterization of epoxy 

grout where an amount of 2% of graphene nanoplatelets 

particles were added to commercial epoxy resin to evaluate 

their behaviour regarding neat epoxy resin. 

 The epoxy resin used in this study is a commercially 

available three-partpourable grout based on a combination of 

modified epoxy resins, hardener and fine silica sand. This 

epoxy resin is the most commonly used resin for grouting and 

filling in construction application. The resin used for this 

experiment had a tensile strength of 14 N/mm2, a 

compressive strength of 100 N/mm2 and a flexural strength 

of 20 N/mm2with mixing ratio of 2:1:12 parts by weight 

recommended by manufacturers data sheet. The graphene 

nanoplatelets were selected as a filler material to improve the 

various properties of the epoxy resin. These graphene 

nanoplatelets are unique nanoplatelets that have an average 



Strength Properties of Concrete when Mixed with Graphene Oxide 

 (IJSRD/Vol. 6/Issue 05/2018/140) 

 

 All rights reserved by www.ijsrd.com 609 

thickness of approximately 0.68-3.41 nm and particle 

diameter is 1–4 μm with >99.5 wt% carbon content. 

 All the tests were carried out using a 25kN universal 

testing machine (Instron). The compressive tests were 

performed in accordance to ASTM: D695, using five 

specimens with dimension of 12.7 mm x 12.7 mm x 50.8 mm 

for each specimen. The tests were performed at a constant 

cross-speed of 1.3 mm/min. The specimens were tested at 

room temperature. Five specimens with dimensions of 127 

mm x 12.7 mm x3.2 mm were used for the flexural tests, 

according to the ASTM D790 recommendations. 

 They concluded that the typical properties of epoxy 

grouts used for repair and rehabilitate damaged structures 

.Compressive and tensile strength greater than 40MPa 

and14MPa was reported suitable for repairing concrete crack. 

The author also suggests that for structural rehabilitation, 

compressive and tensile strength is suggested to be more 

than80MPa and 28MPa, respectively. In composite repair of 

externally corroded pipeline, the infill material serves as 

medium to transfer the stresses on internal surface of pipeline 

generated by internal pressure (without sharing the 

load)requires high compressive strength. 

 Manu Santhanamet al,[12]studied about 3D X-ray 

Computed Tomography (CT) is a powerful tool in assessing 

the pore structure features of cement based materials. In this 

paper, X-ray CT testing were performed over different 

cement paste specimens incorporated with nanomaterials 

such as reduced graphene oxide (rGO), dry aluminium oxide 

nano powder (n-Al2O3), and colloidal silicon dioxide nano 

particles (n-SiO2)respectively, In addition, the paper will also 

present the pore structure details of enhanced porosity 

concrete (EPC) specimen tested using X-ray CT. 

 Four different cement paste specimens of size 25 x 

25 x 25 mm were prepared with a water to cement ratio of 

0.32.One mix was kept as reference paste whereas the 

remaining three mixes were incorporated with different 

nanomaterials (rGO, n-Al2O3 and n-SiO2) at concentrations 

such as 0.02%, 0.20% and4.0% by weight of cement 

respectively. Polycarboxylic ether (PCE) based super 

plasticizer were used for effective dispersion of 

nanomaterials within the cementitious matrix. The specimens 

were demolded after 24 hours and next cured in limewater 

solution for a period of 28 days. For X-ray CT scanning, the 

samples of size 10 x 10 x 10 mm were cut from the paste 

specimens (25 x 25 x 25 mm) using Diamond tipped-saw. 

Secondly, the X-ray scans were performed over six number 

of enhanced porosity concrete specimens to determine the 

alterations in its pore structure. The EPC cylindrical 

specimens (100mm dia. x 200 mm height) were prepared with 

a water to cement ratio of 0.32. For the preparation of EPC 

specimen, crushed granite aggregates ranging between 6.3 

mm to 300 μm conforming to IS 383-1970 were used. The 

aggregates were carefully gap graded in order to allow water 

to permeate through the pore channels of such concrete 

system. To increase its workability, PCE based super 

plasticizer of 0.50% by weight of cement was added into the 

concrete mix. Further, the specimens were demolded after 24 

hours and cured in tap water for a period of 7 days. For CT 

scanning, the EPC sample of size 40 mm x 100 mm were 

cored out from the EPC cylindrical specimen of size 100 mm 

x 200 mm using core cutting machine. 

 They concluded that the addition of nanomaterials 

such as rGO, n-Al2O3 and n-SiO2 in cement paste were 

found to decrease the porosity to an appreciable extent when 

compared to control paste. Especially, the rGO incorporation 

in cement paste was found efficient than the other nano 

composites. The 2D image analysis results suggest that the 

interconnected pores/voids inside the EPC sample were found 

to have a size range in between 1 to 7 mm respectively. 

 BAIG ABDULLAH AL MUHITet al, [13] studied 

about the compressive strength and flexural strength of GO-

cement composite (GOCC) and rGO-cement composite 

(rGOCC) have been investigated with 0.01% and 0.05% GO 

and rGO content. 

 Two dosages-0.01% and 0.05% GO (by the weight 

of cement) are mixed with cement and water. As the quantity 

of GO is much lower compared to the weight of cement, the 

water associated with GO has negligible effect on the w/c 

ratio of the specimens. Three different batches are prepared 

among which all the three batches contain cement and water 

while the second and third batches contain 0.01% and 0.05% 

GO, respectively. Casting was carried out based on the 

relevant tests which included compressive strength, flexural 

tests and micro structural characterization tests. 

 Compressive strength is used as mechanical 

property tests performed in this study. Specimens were casted 

in 33cubic mm cubes and then tested on the selected test days 

after water curing. The specimens for compressive strength 

tests were taken out from the water curing condition after 3, 

7, 14 and 28 d of curing, wiped with clean dry clothes and 

kept for 30 minutes before testing. Three specimens were 

tested on each test days and averaged to get the final 

compressive strength. Compressive strength tests were 

performed according to ASTM. 

 Ayesha Kausaret al, [14] studied about the results 

related to the poly [(phenyl glycidyl ether)-co-formaldehyde] 

(PPGEF) and white Portland cement (Cem) composite. The 

effect of adding cement (Cem), and graphite-cement 

nanobifiller (Cem) on the properties of polymer/cement 

composites was considered. The physical parameters such as 

morphology, absorptivity, compressive strength, and 

compressive modulus of PPGEF/Cem and PPGEF/G-Cem 

composite were studied. 

 Hobart mixer was used to mix the desired amount of 

raw materials (PPGEF, G-Cem, and water). The mixture was 

processed for 0.5 h. Plastic moulds were used to produce 

cylindrical samples with diameter of 30 mm. The setting time 

for the air sealed samples was 9 days at room temperature. 

 They concluded that the compressive strength and 

modulus of the composites increasing progressively with the 

increase in filler content from 10 to 50 wt%, the mechanical 

properties were progressively increased in this series and 

higher values were observed for 50 wt.% filler loading. The 

absorvity results imply that the increasing the bifiller content 

up to 50% in PPGEF/G-Cem showed a large increase of 

absorbency. In 10 wt. % composite, the filler content was not 

sufficient to incorporate ionic electrolyte between the 

polymer main chains. Whereas, in PPGEF/G-Cem 50 NaCl 

solution incorporated well in the polymer/G-Cem network. 

Nevertheless, the absorptivity was found to continuously 

increase with time in all the composites. 
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 S. N. Ramanet al, [15] studied about the synthesis of 

UHPCC (Ultra-High Performance Cementitious Composite 

incorporating Carbon Nanotubes) mix design which 

optimizes on its packing density of its constituent materials. 

The influence of different dispersion methods of CNT on the 

mechanical strength and microstructure of UHPCC are also 

reported. 

 Three mix designs with different water/cement (w/c) 

ratios, designated as UHPC 0.28, UHPC 0.25and UHPC 0.22 

were designed and evaluated to obtain the optimum mix for 

the UHPC under normal curing conditions. The optimized 

mix design for the UHPC was then used for the mix design to 

investigate the effect of CNT on the properties of UHPC. Two 

mixed designs based on the selected UHPC mix namely 

UHPC-CNT-A and UHPC-CNT-B were developed .Cement 

and micro-silica sand were first mixed together in a 5-litre 

capacity Hobart planetary mixer. After dry mixing, water 

(with or without CNT) was added into the mixer followed by 

super plasticizer and mixed until the fresh mixture achieved 

a consistent and uniform state. The compressive strength test 

was undertaken in accordance to ASTM C109/C109M-13 in 

which a50 mm cubic specimen was rotated by 90 degrees and 

tested without capping or any surface treatment. Three 

specimens were tested for each mix and the average cube 

strength, fcu, was determined. The three point bending test 

was performed in accordance with ASTM C348, using40 × 

40 × 160 mm prisms. 

 They concluded that the characteristics of the CNT 

and itshomogeneous dispersion method can contribute leads 

to significantly to the UHPCC characteristics. The findings 

from this research also indicated that even though the use of 

CNT as nanoreinforcement, in some cases resulted some 

minor negative effectto the compressive strength (decrease in 

the compressive strength of up to 11%), the flexural strength 

was improved significantly (up to 70%)compared to the 

control UHPCC mix. The overall findings of the research 

assert that CNT contribute sin positive effect to the strength 

characteristics of UHPCC and is feasible to enhance the post-

crack behaviour of the composite. 

 M. Devasenaet al, [16] studied about to find out the 

optimum quantity of graphene oxide required to achieve 

maximum compressive, tensile and flexural strength of 

concrete. 

 Ordinary Portland cement, 53 Grade conforming to 

IS: 12269 – 1987. Specific gravity of cement is 3.15, locally 

available river sand confined Grading zone II of IS: 383-

1970. Specific gravity of fine aggregate is 2.6,Locally 

available crushed blue granite stones conforming to graded 

aggregate of nominal size 12.5 mm as per IS: 383 – 1970. Its 

specific gravity is 2.75.Chemical prepared from graphite 

powder and other chemicals to enhance the strength 

parameters of the concrete. The mix design was done for M25 

grade concrete based on the IS: 10262-2009.Water cement 

ratio adopted as 0.50.Concrete cubes of size 150mm x 

150mm x 150mm and cylinders of size 150mm diameter and 

300mm height were casted for the above proportions of 

concrete to test the compressive strength, the split tensile 

strength and flexural strength. 

 They concluded that the addition of graphene oxide 

leads to an increase in compressive strength, tensile strength 

and flexural strength,0.1% of GO is needed to improve 

flexural strength of an PPC matrix about 4% and compressive 

strength about 11%. The addition of GO improves the degree 

of hydration of the cement paste and increases the density of 

the cement matrix, creating a more durable product. 

 S NANDHINIet al, [17] studied assessing how 0.03 

to 0.11 wt% of graphene oxide incorporated into the cement 

can affect the physical–mechanical properties of the cement 

composite in fly ash concrete. The flexural behaviour of 

graphene oxide fly ash concrete in structural member (beam) 

is investigated with the optimal percentage (0.03%) that is 

obtained from the mechanical strength studies. 

 Ordinary Portland Cement (43 Grade) confirming to 

IS: 8112-1989 was used. Fly ash contains less than 20% lime 

is collected from Mettur Thermal Power Plant (MTTP), 

Mettur. The crusher sand used for the experimental 

programmed was locally procured and conformed to grading 

zone II. The fine aggregates were tested per Indian Standard 

Specifications IS: 383-1970.Commercially available Super-

plasticiser CONPLAST SP 430, based on Sulphanated 

naphthalene polymers, complies with IS 9103-1999. It used 

as a water-reducing admixture has been used to enhance the 

workability of fresh concrete for selected proportions of 

ingredients. Design procedure was formulated for fly ash 

concrete which was relevant to Indian standard (IS 10262-

2009). The illustrative mix design for a fly ash concrete of 

M25 grade. In order to find the mechanical properties, 

Compressive strength and split tensile strength, cube (150 X 

150 X 150 mm) and cylinder (100 mm dia X 200 mm hgt) 

specimen are to be casted for 3, 7 and 28days of curing 

respectively. For each combination, two specimens were 

tested. 

 They concluded that the mechanical strength it is 

summarized that the optimum percentage of graphene oxide 

(0.03%) improves the strength of concrete. Addition of 

graphene oxide increases the strength of concrete. The use of 

fly ash influences the physio chemical effects associated with 

pozzolanic and cementitious and grain size reduction 

phenomena. The most important aspect followed in the 

project is to reduce the environmental hazards by using waste 

materials in concrete. The addition of GO can lead to a 

reduction in workability of the cement paste. Further studies 

are needed to improve the workability of fresh GO–cement 

composites. Flexural behaviour of reinforced concrete beam 

is evaluated for flexural strength at 28 days. 

 Bryan M. Tysonet al, [18] studied about the 

untreated CNTs and CNFs are added to cement matrix 

composites in concentrations of 0.1 and 0.2% by weight of 

cement. The nanofilaments are dispersed by using an 

ultrasonic mixer and then cast into moulds. Each specimen is 

tested in a custom-made three-point flexural test fixture to 

record its mechanical properties; namely, the Young’s 

modulus, flexural strength, ultimate strain capacity, and 

fracture toughness, at 7, 14, and 28 days. A scanning electron 

microscope (SEM) is used to discern the difference between 

crack bridging and fiber pullout. 

 Five batches of cement paste were produced. These 

included a reference sample of plain cement paste, two 

batches of cement paste with CNTs at 0.1 wt% and 0.2 wt% 

by weight of dry cement, and two batches with CNFs at 0.1 

wt% and 0.2 wt%. Table 2 summarizes the composition of the 

five batches. For the flexural testing of these small-scale 
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specimens, a testing fixture was made that is capable of 

performing a three-point flexural test. The fixture was 

constructed out of aluminium and has a span length of 160 

mm. The specimen holders were machined with a radius of 

1.5 mm to reduce the stress concentrations caused by sharp 

corners. To minimize initial damage to the specimens before 

testing, one end of the fixture has a hole all the way through 

to allow the specimens to slide in without the need to cut the 

specimens after demolding. 

 They concluded that the mechanical properties of 

cement paste samples reinforced with 0.1 and 0.2 wt% of 

CNTs or CNFs were investigated with a flexural test frame. 

The nanofilaments were dispersed with water and a surfactant 

by using an ultrasonic mixer, combined with cement having 

a 0.4 water to cement ratio, and poured into moulds. The 

samples were allowed to cure for 7, 14, and 28 days and tested 

at each age. For almost all cases, the addition of CNFs and 

CNTs increased the peak displacement up to 150% higher 

than plain cement paste, which is crucial for structural 

applications in which higher ductility and strain capacity to 

failure is needed. For the early ages, 7 and 14 days, negative 

effects for the flexural strength, Young’s modulus, and 

fracture toughness were observed; however, at 28 days, these 

properties increased beyond the plain cement. 

 SardarKashif Ur Rehmanet al, [19] studied about 

carbon materials i.e. grapheme nanoplatelets (GNPs) and 

single walled carbon nanotubes (SWCNTs) were 

incorporated into cementitious material. 

 For the preparation of specimens, 3 batches of 

cement paste with a water-cement ratio of 0.4 and 

nanomaterials to cement ratio was 0.03% were used. One 

batch was labelled as control sample containing pure cement 

paste, while other two batches contained SWCNTs and GNP 

separately. Firstly, carbon materials were dispersed in 

deionised water. Ultrasonication (Fisher Scientific™ Model 

505 Sonic Dismembrator) was used for 3 min, in order to 

exfoliate nanoparticles. 

 They concluded that piezo-resistive properties of 

carbon materials i.e. SWCNTs and GNP based cementitious 

composite were investigated. Electrical resistivity values 

were decreased 17 % and 42 % for SWCNTs and GNP 

cement composite respectively. It was also observed that 

overall electrical resistance values were decreased with 

increasing the compressive load, especially from 10-70% of 

applied maximum compressive load very steep and rapid 

decrement was noted. 

 Ye Qianet al, [20] studied about preliminary results 

showing the beneficial effects of graphene oxide on the 

hardening and mechanical properties of cement-based 

materials are presented. 

 The rate of heat of hydration of cement pastes is 

measured using a TAM Air isothermal calorimeter. The 

temperature is set at 25 °C and the heat of hydration is 

recorded up to 80 h. Cement paste samples are prepared by 

hand-stirring for 4 min. Mortar samples are tested for flexural 

strength. After 10 min mixing of cement, water, sand and GO 

suspension, the mortar is cast in 25.4 × 25.4 × 304.8 mm 

prism moulds in two layers, consolidating on a vibration table 

in between. They are demoulded after 1 day and cured in 

water at room temperature for 7 and 28 days. Prisms are cut 

into 25.4 × 25.4 × 76.2 mm samples. Four point bending test 

are performed on an Instron 5984 Universal Testing Machine 

with a 151 kN capacity. Loading is force controlled at a rate 

of 1.1 MPa/min. 

 They concluded that the preliminary results of a 

study on graphene oxide-reinforced cement pastes and mortar 

are presented. Results indicate that at relatively low additions 

(below 0.05 % by mass of cement), graphene oxide can 

enhance flexural strength. Work is ongoing on later-age 

properties, i.e. strength gain and permeability, and micro 

structural characterization. 

III. PRELIMINARY INVESTIGATION 

A. Introduction 

The material properties are investigated as per Indian codal 

specifications. The materials are tested and compared with 

the standard values. These details are presented in this 

chapter. 

 The materials utilized as a part of the present study 

are cement, sand, coarse aggregate and Graphene oxide. 

Every one of these materials is tried in the research centre to 

set up their physical and mechanical properties according to 

the determination of Indian Standards. Mix Design was 

evaluated using the outline rules of IS 10262-2009 and Is 456 

- 2000. Physical and mechanical characteristics were carried 

for trial mix of M25 at first phase, casting of natural 

aggregates cubes and cylinders for the mix M25. 

B. Ingredients Used & Their Properties 

Different ingredients used in this work are: 

1) Portland Cement 

2) Fine aggregate 

3) Coarse aggregate 

4) Graphene oxide 

5) Water 

1) Portland cement 

Cement is a binder material used in the construction industry 

for production of concrete. Ordinary Portland cement (OPC) 

is the most common type of cement used in constructions, 

which is made by heating limestone and other materials in 

kiln. 

The tests which are usually conducted as follows; 

 Specific gravity of cement 

 Fineness of cement 

 Consistency of cement paste 

 Initial setting time of cement 

 Final setting time of cement 

a) Specific Gravity of Cement 

 Weight of clean, dry specific gravity bottle was taken 

(w1). 

 Certain quantity of cement was taken (about one third of 

the bottle) in the bottle and weighed (w2). 

 Kerosene was poured over the cement to fill the bottle 

and the total weight (w3) was noted. 

 The bottle was thoroughly washed, filled with kerosene 

and weighed (w4). 

(1) Observations 

 Weight of empty specific gravity bottle W1= 34 gm 

 Weight of the bottle with cement W2= 70 gm 
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 Weight of the bottle with cement and kerosene 

W3=104gm 

 Weight of bottle with fresh kerosene W4=79gm 

 Specific gravity of cement =W2-W1/(W2-W1)- (W4-

W4) X 0.79 

 =3.15 

b) Fineness of Cement [IS 4031 – 1996 Part 1] 

 Sample of cement was taken and air lumps found in the 

cement were removed with fingers. 

 Weighed approximately 100 g of the cement and placed 

it on the 90 micron IS sieve. The sieve was closed with a 

lid on its top to avoid wastage of cement while sieving. 

 The cement was continuously sieved for 15 minutes. 

 The residue was weighed after 15 minutes of sieving. Its 

mass is termed as a percentage (R1) of the quantity first 

placed in the sieve. 

 The whole procedure was repeated using a fresh 10 g 

sample to obtain. 

 Then calculated the residue of the cement R as the mean 

of and as a percentage, which was expressed to the 

nearest 0.1 percent. 

Fineness of Cement 

Description Sample 

Weight of cement (W1) 100 g 

IS sieve size 90 μ 

Weight retained on sieve (W2) 8.0 

Percentage weight retained on sieve = 

(W2/W1) × 100 
8.0% 

Average Percentage weight Retained on sieve = 8.00 % 

Table 3.1: Fineness of Cement 

c) Consistency of Cement Paste [IS 4031-1988 

Part 4] 

400 grams of cement is weighed and is placed in the enamel 

trough. Cement paste is made by mixing it with water which 

is 23% by weight of dry cement. Proper care is taken at the 

time of gauging to obtain a cement paste. Gauging time 

should not be less than 3 minutes and not more than 5minutes. 

The cement paste is filled in the vicat mould, resting upon a 

non-porous plate. The top surface of the cement paste is 

levelled with the trowel. 

S. 

No 

Quantity of water 

added (ml) 

Penetration from the 

bottom of the mould 

1 92 38 

2 100 36 

3 108 32 

4 116 29 

5 120 26 

6 124 20 

7 128 16 

8 132 7 

Consistency = w/c × 100 = 33% 

Table 3.2: Consistency of Cement 

 The mould along with non-porous plate is assembled 

under the rod bearing plunger. The plunger is gently lowered 

to the surface of the cement paste and then plunger is quickly 

released. It is allowed it to sink into the paste. Depth of 

penetration is measured and recorded. This process is 

repeated with additions of 2% (by dry weight of cement) 

more water to the paste, until the needle penetrates 5mm to 

7mm above the bottom of the mould and that amount of water 

is expressed as the consistency of cement. 

d) Initial Setting Time [IS 4031 – 1988 Part 5] 

 300 grams of cement was taken in a pan. Prepared a 

uniform cement paste by adding 0.85 times the water 

required to give a paste of standard consistency by the 

previous test. 

 Started the stop watch at the instant when water was 

added to the cement. The vicat’s mould was placed on a 

non-porous plate and was filled with cement paste. 

 After completely filling the mould, it was shaken slightly 

to expel the air. The surface of the cement paste in the 

mould was levelled. 

 The whole assembly was placed in Vicat’s apparatus. 

 The Vicat’s needle was gently brought near the surface 

of the test block and was released quickly allowing it to 

penetrate into the block and the time was noted. 

Quantity of water to be added = 0.85×P×C 

= 0.85×33×300 = 84.15ml. 

Sl.no 
Time noted after adding 

water (min) 

Penetration reading 

(mm) 

1 5 0 

2 10 0 

3 15 0 

4 20 0 

5 25 2 

6 30 4 

7 35 5 

8 40 7 

Table 3.3 Initial Setting Time of Cement 

e) Final Setting Time [IS 4031 – 1988 Part 5] 

 The same strategy of initial setting time was embraced to 

focus the final setting time of concrete. 

 Replaced the needle of the Vicat's mechanical assembly 

by the needle with an annular connection. 

 The concrete was considered as at last set when, after 

applying the needle tenderly to the surface of the test 

piece, the needle makes an impression subsequently, 

while the connection neglects to do as such. 

 The period slipped by between the time when water was 

added to the concrete and the time at which the needle 

makes an impact on the surface of test piece while the 

connection neglects to do as such was resolved as the 

final setting time. 

Tests on cement Indian Codes 
Obtained 

results 

Standard 

Limits 

Specific gravity IS4031-1968 3.10 3.15 

Fineness 

(%retaind) 

IS4031(Part-1)-

1996 
8.0% 10% 

Standard 

consistency 

IS4031(Part-4)-

1988 
33% 

Minimum 

23% 

Initial 

Setting time 

IS4031(Part-4)-

1988 

35 

minutes 
30minutes 

Final setting time 
IS4031(Part-4)-

1988 

500 

minutes 
600minutes 

Table 3.4: Physical Tests Conducted on Ordinary Portland 

cement 
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f) Fine Aggregate [IS 383-1970] 

The locally available river sand conforming to zone-II of IS 

383-1970has been used as fine aggregate? The fine aggregate 

are clean, inert and free from organic matter, silt and clay. 

The tests conducted on fine aggregate is as below 

(1) Specific Gravity & Water Absorption 

[IS 2386 – 1963 Part3] 

Specific gravity is a measure of a material’s density (mass per 

unit volume) as compared to the density of water. Water 

Absorption, is a measure of the amount of water that an 

aggregate can absorb into its pore structure. 

 Initially, a sample of is placed in the tray and 

covered with distilled water. Soon after immersion air 

entrapped in or bubbles on the surface of aggregates are 

removed by gentle agitation with a rod. The sample is kept 

immersed for 24 hours. The water is carefully drained from 

the sample by decantation through a filter paper and the 

material retained on it is returned to the sample. 

 The saturated and surface dry sample is weighed. 

The aggregate is then filled in Pycnometer up to its 1/3rd 

height and is filled with distilled water. Air entrapped is 

eliminated by shaking the Pycnometer upside down. Then it 

is weighed and noted. The contents of the Pycnometer are 

transferred into the tray, care is taken such that all the 

aggregates is transferred and is then refilled with distilled 

water to the same level as before and weighed. The water 

from the sample is removed and the sample is dried in the 

oven at 100° C for 24 hours and later cooled in an air tight 

container and weighed. 

 Where W1=Wt. of the saturated surface dry (SSD) 

sample, 

 W2= Wt. Pycnometer + Sample + water, 

 W3=Weight of Pycnometer filled with water, 

 W4 =Weight of oven dry sample. 

 G= Specific gravity of soils. 

Observations 

Wt. of the saturated surface dry (SSD) sample 

(w1) (g) 
636 

Wt. Pycnometer + Sample + water (w2) (g) 1730 

Weight of Pycnometer filled with water (w3) 

(g) 
1347 

Weight of oven dry sample (w4) (g) 633 

Specific gravity = w4 / w1- (w2-w3) 2.5019 

Water absorption = 100 (w1-w4) / w4 0.49 

Table 3.5: Specific Gravity of Fine Aggregate 

(2) Fineness Modulus [IS 2386 – 1963 

Part 1] 

Fineness modulus of sand (fine aggregate) is an index number 

which represents the mean size of the particles in sand. It is 

calculated by performing sieve analysis with standard sieves. 

The cumulative percentage retained on each sieve is added 

and subtracted by 100 gives the value of fine aggregate. Fine 

aggregate means the aggregate which passes through 4.75mm 

sieve. To find the fineness modulus of fine aggregate we need 

sieve sizes of 4.75mm, 2.36mm, 1.18mm, 0.6mm, 0.3mm and 

0.15mm. Fineness modulus of finer aggregate is lower than 

fineness modulus of coarse aggregate. 

 It is defined mathematically as the sum of the 

cumulative percentages retained on the IS sieves divided by 

100. 

 Take the sieves and arrange them in descending 

order with the largest sieve on top. If mechanical shaker is 

using then put the ordered sieves in position and pour the 

sample in the top sieve and then close it with sieve plate. Then 

switch on the machine and shaking of sieves should be done 

at least 5 minutes. 

 If shaking is done by the hands then pour the sample 

in the top sieve and close it then hold the top two sieves and 

shake it inwards and outwards, vertically and horizontally. 

After some time shake the 3rd and 4th sieves and finally last 

sieves. 

 After sieving, record the sample weights retained on 

each sieve. Then find the cumulative weight retained. Finally 

determine the cumulative percentage retained on each sieves. 

Add the all cumulative percentage values and divide with 100 

then we will get the value of fineness modulus. 

IS 

Sieve 

No 

Weig

ht 

Retain

ed 

% of 

total 

weig

ht 

retain

ed 

Cumulat

ive % of 

total 

weight 

retained 

Percent

age 

Passing 

Permissi

ble 

Values 

as per 

IS 383-

1970 

10m

m 
0 0 0 0 100 

4.75

mm 
28 2.26 2.26 97.74 90-100 

2.36

mm 
26 2.73 4.99 95.1 75-100 

1.18

mm 
91 11.63 16.62 83.38 55-90 

600μ 327 33.83 50.45 49.55 35-59 

300μ 500 46.1 96.55 3.45 8-30 

150μ 20 2.56 99.11 0.89 0.1 

Total 269.98  

Table 3.6: Fineness Modulus of Fine Aggregate 

Fineness Modulus = 269.88/100 = 2.69 

As per IS 383-1970, the sample confirms to Zone-II. 

(a) Bulk density of Fine 

Aggregates 

Initially empty weights of the cylinders are noted. Fine 

aggregate is filled in to cylinder loosely without any tamping 

and it weighed. Again fine aggregate is filled in cylinder in 

three layers, each layer is tamped with 25 blows with a 

rounded end tamping rod. The aggregate in the measure are 

trimmed with tamping rod to the level. The net weight of the 

aggregate in the measure is determined and the bulk density 

is calculated. 

Observations 

Volume of measure (V) ( litres) 3 

Weight of measure (W1) Kg 6.949 

Wt. with compacted aggregate (W2) Kg 12.103 

Rodded Bulk Density = (W2 - W1 )/V (kg/m3) 1.718 

Table 3.7: Bulk Density of Fine Aggregate 

Tests on fine 

aggregates 
Indian code 

Obtained 

results 

Standard 

limits 

Specific gravity 
IS2386(Part-3)-

1963 

 

2.509 
>2.5 

Fineness modulus 
IS2386(Part-3)-

1963 
2.69 

2.63-3.2 

(coarse 

sand) 
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Bulk density 
IS2386(Part-3)-

1963 
1.718 1.5~1.7 

Water 

Absorption 

IS2386(Part-3)-

1963 
0.49% 0.5%-1% 

Table 3.8: Physical Properties of Fine Aggregate 

g) Coarse Aggregate [IS 383-1970] 

Locally available crushed blue granite stones conforming to 

graded aggregate of nominal size 12.5 mm as per IS: 383 – 

1970. Its specific gravity is 2.75.Coarse aggregates are 

naturally occurring inorganic materials of size retained on 

4.75mm sieve. coarse aggregates are produced by crushing 

quarry rocks ,cobles and large size gravels. 

(1) Specific Gravity and Water 

Absorption [IS 2386 – 1963 Part3] 

 Sample of about 1000g was taken in the tray and distilled 

water was taken in the same tray at a temperature of 22ºC 

to 32ºC. 

 After immersion, entrapped air bubbles on the surface of 

the aggregate were removed by gentle agitation with a 

rod. The sample was then immersed for 24±1/2 hours. 

 The water was then carefully drained from the sample, 

by filtering through a filter paper. Any material retained 

was returned to the sample. For 10mm Coarse Aggregate 

 The Saturated and surface-dry sample was weighed W1. 

 The aggregate was placed in the mould which was filled 

with distilled water. 

 The mould was dried on the outside and weighed W2. 

 Any trapped air was eliminated by rotating the mould on 

its side. 

 The aggregate in the mould was emptied into the tray, 

care being taken to ensure that all the aggregate was 

transferred. The mould was again refilled with distilled 

water to the same level as before, dried on the outside 

and weighed W3. 

 The sample was placed in a tray and then placed in an 

oven at a temperature of 100 to 110 ºC for 24 hours. It 

was cooled and weighedW4. 

Description 10mm 

Weight of the sample (g) 1000 

Wt. of the Pycnometer + Sample + Water (w1) 

(g) 
1976 

Weight of the Pycnometer filled with water (w2) 1350 

Weight of Saturated Surface Dry Sample (w3) 

(g) 
1002 

Weight of oven dry Sample (w4) (g) 994 

Water absorption = 100 (w3-w4) / w4 0.502 

Specific gravity = w4 / w3- (w1-w2) 2.65 

Table 3.9: Specific Gravity of Coarse Aggregate (10mm) 

Description 20mm 

Weight of the sample (g) 1000 

Wt. of the Pycnometer + Sample + Water (w1) 

(g) 
2136 

Weight of the Pycnometer filled with water (w2) 1505 

Weight of Saturated Surface Dry Sample (w3) 

(g) 
1003 

Weight of oven dry Sample (w4) (g) 967 

Water absorption = 100 (w3-w4) / w4 0.40 

Specific gravity = w4 / w3- (w1-w2) 2.64 

Table 3.10: Specific Gravity of Coarse Aggregate (20mm) 

(2) Fineness Modulus for coarse 

aggregate [IS 2386 – 1963 Part1] 

Fineness modulus of coarse aggregates represents the average 

size of the particles in the coarse aggregate by an index 

number. It is calculated by performing sieve analysis with 

standard sieves. The cumulative percentage retained on each 

sieve is added and subtracted by 100 gives the value of fine 

aggregate. Higher the aggregate size higher the Fineness 

modulus hence fineness modulus of coarse aggregate is 

higher than fine aggregate. 

 Coarse aggregate means the aggregate which is 

retained on 4.75mm sieve when it is sieved through 4.75mm. 

To find fineness modulus of coarse aggregate we need sieve 

sizes of 80mm, 40mm, 20mm, 10mm, 4.75mm, 2.36mm, 

1.18mm, 0.6mm, 0.3mm and 0.15mm. 

IS 

Sieve 

Numb

er 

Weight 

retained(

g) 

Percenta

ge of 

Total 

weight 

Retained 

Cumulati

ve 

%wt 

Retained 

Cumulati

ve 

%wt 

passing 

Passing 

80 0 0 0 100 

40 0 0 0 100 

20 121 6.05 6.05 93.95 

10 1840 92 98.05 1.95 

4.75 27 1.35 99.4 0.6 

2.36 2 0.1 99.6 0.5 

1.18 2 0.1 99.7 0.4 

600 μ 2 0.1 99.8 0.3 

300 μ 2 0.1 99.9 0.2 

150 μ 2 0.1 100 0.1 

Table 3.11: Fineness Modulus for Coarse Aggregate 

(20mm) 

 Sum of cumulative Weight retained = 702Fineness 

modulus=702/100=7.02, 

IS 

Sieve 

No. 

Weig

ht 

Retai

ned 

(g) 

Percentag

e 

of total 

weight 

retained 

Cumulativ

e 

% of Total 

weight 

Retained 

Cumulativ

e weight 

of % 

Passing 

10mm 140 14.0 14.0 85.7 

4.75mm 787.5 78.5 93.1 6.95 

2.36mm 69 6.9 99.9 0.05 

1.18mm 0.5 0.05 100 0 

600 μ 0 0 100 0 

300 μ 0 0 100 0 

150 μ 0 0 100 0 

Table 3.12: Fineness Modulus for Coarse Aggregate 

(10mm) 

 Sum of Cumulative percentage of weight retained =607 

 Fineness modulus = 607/100 =6.07 

As per IS 383-1970, the sample confirms to Single-Sized 

Aggregate for both 20mm and 10mm aggregate. 

(3) Bulk Density [IS 2386 – 1963 Part 3] 

Bulk modulus of coarse aggregate is to be carried out to 

determine the proportions of the coarse aggregates to be taken 

i.e., the percentage of 10mm and 20mm aggregates to be 

taken, A cylinder of height 300mm and diameter 150mm is 

used to carry out the experiment Bulk modulus of coarse 

aggregate is to be carried out to determine the proportions of 
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the coarse aggregates to be taken i.e., the percentage of 10mm 

and 20mm aggregates to be taken, A cylinder of height 

300mm and diameter 150mm is used to carry out the 

experiment. 

Parameters Approximate values 

Product Purity 99% 

Number of layers 3-6 

Surface area >120m2/g 

Thickness 0.8–2nm 

Bulk density 0.121g/cc 

Electrical Conductivity Insulator 

Lateral Dimension 5–10micrometer 

Table 3.13: Various Parameters of Graphene Oxide 

 At first 60% of 20mm aggregates and 40% of 10mm 

aggregates are taken and density is found. 

 Then 50% of 20mm and 50% of 10mm aggregates are 

taken and density is found. 

 Then 40% of 20mm and 60% of 10mm aggregates are 

taken and density is found. 

 From the above calculations find the proportion with 

optimum density and it can be used, we considered 60% 

of 20mm aggregates and 40% of 10mm aggregates with 

a density obtained as 17.31 kg/m3. 

h) Graphene Oxide 

In this paper, the cement is replaced by the proportions of 

10% by weight with Graphene oxide, the compressive and 

tensile strength of various proportions was carried out. 

Element %Composition 

Carbon 77.5 

Oxygen 16 

Sulphur 0.4 

Hydrogen 1.2 

Nitrogen 4.9 

Table 3.14: Chemical Composition of Graphene Oxide 

(1) Methods to Prepare Graphene Oxide 

CVD (Chemical Vapour Deposition):A way of depositing 

gaseous reactants on a substrate. 

 The process is similar to PVD (Physical Vapour 

Deposition) the only difference being the use of solid 

reactants instead of gaseous reactants as in CVD. The carrier 

gases are combined in a reaction chamber which is 

maintained at certain temperature and pressure (as required 

by reaction). The reaction occurs on the substrate on which 

one of the product (carbon) is deposited and the by products 

are pumped out. Substrate is usually a transition metal 

(Ni/Cu) or some ceramic such as glass. 

 The selection of substrate depends upon the 

feasibility of transferring the graphene onto the required 

material The gases used are generally Methane (source of 

carbon) Hydrogen and Argon are also used along with 

methane as reaction stabilizers and enhancing the film 

uniformity. Although there are various types of CVD 

processes but most modern processes (regarding CVD 

pressure) are as follows: 

 LPCVD (Low Pressure CVD) 

Carried out under sub-atmospheric pressures. Low pressure 

prevents unwanted reactions and also increases the 

uniformity of the films on the substrate. 

 UHVCVD (Ultra High Vacuum CVD) 

Carried out under extremely low atmospheric pressures (6-10 

Pa). 

 
Fig3.1: CVD Schematic Diagram of the Process 

1) Diffusion of reactants through boundary layer. 

2) Adsorption of reactants onto substrate surface. 

3) Occurrence of chemical reaction on the surface. 

4) Desorption of the by products from the surface. 

5) Diffusion of by products through boundary layer. 

(a) Advantages 

 High quality, impervious, and harder graphene is 

obtained. 

 Producing large domains of graphene is easy. 

 High growth rates possible. 

 Good reproducibility. 

(b) Limitations 

 High temperatures (greater than 900 C) leads to wrinkled 

graphene due to difference in Coefficient of Thermal 

Expansion. 

 Complex process. 

 Production of corrosive and toxic gases. 

 Difficulty in controlling the thickness in some cases 

(number of layers). 

 Difficulty in transferring the film to other surface 

(exfoliation). 

 Difficulty in achieving the uniform deposition of the 

carbon. 

(2) Mechanical Exfoliation 

Process 

 A fresh piece of Scotch tape is taken (about six inches 

long). 

 The adhesive side is pressed onto the HOPG (Highly 

Ordered Pyrolytic Graphite) for about ten seconds. 

 The tape is gently peeled away with thick shiny layers of 

graphite attached to it. 

 The part of the tape with layers from the HOPG was 

refolded upon a clean adhesive section of the same piece 

of the tape and then the tape is unfolded. 

 This process is repeated several times until the end of the 

tape is no longer shiny but becomes dark/dull and grey. 

 These graphite layers on the tape are transferred onto the 

surface of the Si/SiO2 wafers by gently pressing them 

onto the tape for some time and then peeling off. 

 The wafers are then examined using various 

characterization techniques. 
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Fig. 3.2: Schematic Diagram for the Mechanical Exfoliation 

of Graphene from Graphite using Scotch Tape 

(a) Advantages 

 Safe and simple process. 

 Few layer graphene can be easily obtained. 

 The chances of impurity in the graphene so obtained are 

less. 

 Sample preparation is simplified. 

 Limitations: 

 Yield obtained may not meet the requirements. 

 Requires skilled manual labour. 

 Despite the fact that tape residue does not seriously affect 

the quality of the graphene flake samples, it does make 

those samples more difficult to find on the substrate. 

(3) Hummers Method (Modified) 

 The Hummers method is used for producing graphene by 

oxidising graphite to GO by using suitable oxidising 

agents such as KMnO4. 

 The GO so produced is again then chemically reduced to 

get graphene. 

 The modified Hummers method introduces a way to get 

a more stable GO colloidal solution. 

 Ultra-sonication is used for stabilizing the GO solution 

and enhancing the exfoliation in the GO solution. 

 
Fig. 3.3: A Typical Illustration of the Difference between 

the Graphite and the GO so Formed 

The modified hummer’s method can be carried out in three 

major steps as follows: 

(a) Oxidation 

 Natural graphite flake is mixed with a strong acid such 

as H2SO4 /HNO3 followed by continuous stirring in ice 

bath. 

 Then KMnO4 is added and stirred at room temperature. 

 Then the solution is kept overnight after adding DI water 

and H2O2. 

 Centrifugation is used for dilution until the pH is around 

7. 

 Ultra-sonication is carried out to get monolayer GO. 

 Reduction 

 Addition of certain reducing agents such as hydrazine or 

NaBH4 is made to the measured solution. 

 The attached functional groups are removed and to 

enhance the exfoliation certain polar aprotic solvents can 

be used along with organic compounds. 

 Although thermal reduction gives a better quality 

graphene but has its own disadvantages. 

 Post-treatment 

 Then the solution is filtered and washed with DI water 

until neutrality. 

 The product is dried and grinded. 

 The graphene so produced can then be send for 

characterization tests 

 Advantages: 

 High yield. 

 Scalable to industrial level. 

(b) Limitations 

 The defects on graphene sheets are inevitable. 

 The process is time consuming and can be laborious. 

 The thickness control is not as promising as in the 

epitaxial graphene growth or the CVD process 

2) Water 

Water is needed for the hydration of cement and to provide 

workability during mixing and for placing. There is not much 

limitation for water except that the water must not severely 

contaminate. In this study, normal tap water was used. 

IV. MIX DESIGN PROCEDURE 

The main object of concrete mix design is to select the 

optimum proportions of the various ingredients of concrete 

which will yield fresh concrete of desirable properties like 

workability and hardened concrete possessing specific 

characteristic compressive strength and durability. 

A. Mix Design Calculation 

According to IS Code 10262-2009, the Design Mix Procedure 

is Carried Out: 

1) Step 1: Target Mean Strength of the Mix Proportion is 

carried out as Fallows, 

For M25 grade of concrete: 

F1ck= Fck+ 1.65S, 

F1ck=Target Mean Compressive Strength of 

concrete@28days, 

Fck= Compressive Strength of Concrete, 

S=Standard Deviation, 

For M20-M25 Grade of Concrete Standard Deviation = 

4Mpa. 

2) Step 2: Selection of Water Cement Ratio from table5 of 

IS456-2000, 

W/C =0.5, 

Maximum water Content per m3 of Concrete for Nominal 

Maximum size of aggregate: 

For 20mm Nominal Maximum size of aggregate the 

Maximum water Content is 186lit. 

3) Step 3: Calculation of Cement Content: 
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Water-Cement ratio is =0.5, 

Cement Content =
186

0.5
 =372, 

4) Step 4: Proportioning of Volume of Coarse aggregate 

content table 3 of IS 10262-2009: 

Volume of Coarse aggregate content corresponding to 20mm 

size of aggregate of ZoneIII, 

Volume of Coarse aggregate content = 0.64m3, 

Volume of fine aggregate content = 1 – 0.64, 

= 0.36 m3, 

5) Step 5: Calculation regarding to Mix Design Volume of 

Concrete (a) = 1 m3, 

Volume of Cement (b) = [
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑐𝑒𝑚𝑒𝑛𝑡

𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑜𝑓 𝑐𝑒𝑚𝑒𝑛𝑡
] * [

1

1000
], 

= [
372

3.15
 *

1

1000
] = 0.118 m3. 

Volume of Water (c) = [
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖t𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
] * [

1

1000
], 

= 0.186 m3. 

Volume of all in aggregate (d) = [a- (b + c)], 

= [1- (0.118 + 0.186)] = 0.696 m3. 

Mass of Coarse aggregate = d * Volume of coarse aggregate 

* Specific gravity*1000, 

= 0.696 * 2.64 * 0.64 * 1000,= 1220.5 kg/m3. 

Mass of Fine aggregate = d * Volume of fine aggregate * 

Specific gravity*1000, 

= 0.696 *2.50 * 0.36 *1000, 

= 648.39 kg/m3. 

Then the total Quantity is: 

Cement = 372 kg/m3, 

Coarse aggregate = 1220.50 kg/m3, 

Fine aggregate = 648.39 kg/m3, 

W/C ratio = 0.50, 

Water = 186 litres. 

Mix 

designati

on 

Ceme

nt in 

kg/m3 

Graphe

ne 

oxide in 

kg/m3 

Coarse 

aggrega

te in 

kg/m3 

Fine 

aggreg

ate 

ate in 

kg/m3 

w/c 

ratio 

M25 372 0 1220.50 648.34 0.50 

MIX-1 51.50 0 174.35 94.3 0.50 

MIX-2 51.09 0.403 174.35 94.3 0.50 

MIX-3 
50.69

4 
0.806 174.35 94.3 0.50 

MIX-4 49.88 1.612 174.35 94.3 0.50 

Table 4.1: Mix Design Quantities of Materials 

B. Preparation of Testing Specimen 

1) Mixing 

Mixing of ingredients is done in pan mixer of capacity 50L. 

The cementitious materials are thoroughly blended and then 

the aggregate is added and mixed followed by gradual 

addition of water and mixing. Wet mixing is done until a 

mixture of uniform colour and consistency are achieved 

which is then ready for casting. Before casting the specimens, 

workability of the mixes was found by slump cone test. 

 
Fig: 4.1: Mixing of Concrete 

2) Casting of Cubes 

The cube mould plates should be removed properly cleaned 

assembled and all the bolts should be fully tight. A thin layer 

of oil then shall be applied on all the faces of the mould. It is 

important that cube side faces must be parallel. 

 After taking concrete samples and mixing them, the 

cubes shall be cast as soon as possible. The concrete sample 

shall be filled into the cube moulds in layers approximately 5 

cm deep. In placing each scoopful of concrete, the scoop shall 

be moved around the top edge of the mould as the concrete 

slides from it, in order to ensure a symmetrical distribution of 

the concrete with in the mould. Each layer shall be compacted 

either by hand or by the vibration as described. 

 At least 3 cubes of sizes 150*150*150mm are used 

and the average strength is taken into consideration. The 

individual variation of the strength of the cubes must not be 

greater than +15%. 

 
Fig. 4.2: Freshly Casted Cubes in the Moulds 

 
Fig. 4.3: Freshly Casted Cylinders in the Mould 

3) Curing 
The specimens were removed from the moulds after 24hr 

from the time of adding the water to the ingredients. The 

specimens then marked for identification. These specimens 

were then stored in clean water for the required period of 

Curing 
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Fig. 4.4: Curing of Cubes 

 
Fig. 4.5: Curing of Cylinders 

C. Fresh Concrete Test Results 

1) Slump Test Results 

Sl 

No 
MIX 

Graphene Oxide 

% 

Slump value in 

mm 

1 
MIX 

1 
0 56 

2 
MIX 

2 
1 67 

3 
MIX 

3 
2 84 

4 
MIX 

4 
3 40 

Table 4.2: Slump Value 

 
Fig. 4.6: Slump Test Results 

D. Compressive Strength Test Procedure 

The dimensions of the specimens to the nearest 0.2 mm and 

their weight shall be noted before testing. The bearing 

surfaces of the testing machine shall be wiped clean and any 

loose sand or other materials removed from the surface of the 

specimen which is to be in contact with the compression 

platens. The cube shall be placed in the machine in such a 

manner that the load shall be applied to opposite sides of the 

cubes as cast that is not to the top and bottom. The axis of the 

specimen shall be carefully aligned with the centre of the 

thrust of the spherically seated platen. No packing shall be 

used between the faces of the test specimen and the steel 

platen of the testing machine. As the spherically seated block 

is brought to bear on the specimen, the movable portion shall 

be rotated gently by hand so that uniform seating may be 

obtained. The load shall be applied without shock and 

increased continuously at a rate of approximately 140 kg/sq 

cm/min until the resistance of the specimen to the increasing 

load breaks down and no greater load can be sustained. The 

maximum load applied to the specimen shall then be recorded 

and the appearance of the concrete and any unusual features 

in the type of failure shall be noted. The compressive strength 

of concrete shall be calculated from: Maximum load/Cross-

Sectional area of cube to be reported to the nearest 

0.5N/mm2. 

 Compressive strength of a material is defined as the 

value of uniaxial compressive stress reached when the 

material fails completely. In this investigation, the cube 

specimens of size 150 mm x 150 mm x 150 mm of all the 

multi blended mix concretes are tested in accordance with IS: 

516 –1969. The testing was done on compression testing 

machine of 200 KN capacities. The machine has a facility to 

control the rate of loading with a control valve .The plates are 

cleaned and oil level is checked, and kept ready in all respects 

for testing. 

 
Fig. 4.7: Compression Testing of Cube Specimens 

E. Split Tensile Strength Test Procedure 

Split Tensile strength of material is defined as it is the 

standard test, to determine the tensile strength of concrete in 

an indirect way. This test could be performed in accordance 

with IS: 5816-1970. A standard test cylinder of concrete 

specimen (300 mm X 150mm diameter) is placed 

horizontally between the loading surfaces of Compression 

Testing Machine. The compression load is applied 

diametrically and uniformly along the length of cylinder until 

the failure of the cylinder along the vertical diameter. To 
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allow the uniform distribution of this applied load and to 

reduce the magnitude of the high compressive stresses near 

the points of application of this load, strips of plywood are 

placed between the specimen and loading platens of the 

testing machine. Concrete cylinders split into two halves 

along this vertical plane due to indirect tensile stress 

generated by poisson's effect. 

s.no 

Mix designation 

for 

M25 

28days 56days 90days 

1 

MIX-1 

(100% 

Cement+Graphen

e 

oxide) 

3 3 3 

2 

MIX-2 

(99%Cement+1%

Graphene oxide) 

3 3 3 

3 

MIX-2 

(98%Cement+2%

Graphene oxide) 

3 3 3 

4 
(97%Cement+3%

Graphene oxide) 
3 3 3 

F. Mix Proportions 

 Water: Cement: Fine Aggregate: Coarse Aggregate. 

 Final Mix proportions for M25 grade Conventional mix 

and graphene oxide mix Concrete 

 MIX-1: It refers to the mix design of concrete with 

100%cement. 

 MIX-2: It refers to the mix design of concrete with 

99%cement +1% graphene oxide. 

 MIX-3: It refers to the mix design of concrete with 

98%cement +2% graphene oxide. 

 MIX-4: it refers to the mix design of concrete with 

97%cement+3% grapheme oxide. 

 Then the total Quantity is: 

 Cement = 372 kg/m3, 

 Coarse aggregate = 1220.50 kg/m3, 

 Fine aggregate = 648.39 kg/m3, 

 W/C ratio = 0.50, 

 Water = 186 litres. 

s.no 

Mix designation 

for 

M25 

 

28days 

 

56days 

 

90days 

 

1 

MIX-1 

(100% 

Cement+0%Grap

hene oxide) 

 

3 

 

3 

 

3 

 

2 

MIX-2 

(99%Cement+1%

Graphene oxide) 

 

3 

 

3 

 

3 

 

3 

MIX-2 

(98%Cement+2%

Graphene oxide) 

 

3 

 

3 

 

3 

4 

MIX-3 

(97%Cement+3%

Graphene oxide) 

3 3 3 

Table 4.4: Total Number of Cylinders Casted 

V. RESULTS & DISCUSSIONS 

A. Introduction 

The compressive strength and split tensile strength of M25 

grade of concrete is discussed in this chapter. One set of 

normal concrete and one set of graphene oxide mixed 

concrete were casted for M25 grade. 

 The purpose was to compare compressive strength 

and split tensile strength between reference mix and the 

different mixes with graphene oxide. 

B. Compressive Strength Test Results 

The casted cubes of M25 grade concretes are cured, and 

tested for its compressive strength at 28 days, 56days and 90 

days. 

 

s.no 

Mix 

designation 

for 

M25 

 

28days 

 

56days 

 

90days 

 

1 

 

MIX-1 

(100%cement

+0%graphene 

oxide) 

 

 

30.15 

 

32.50 

 

35.25 

 

2 

 

MIX-2 

(99%cement+

1%graphene 

oxide) 

 

 

32.26 

 

35.15 

 

38.23 

 

3 

 

MIX-3 

(98%cement+

2%graphene 

oxide) 

 

 

34.85 

 

36.51 

 

39.81 

4 

 

MIX-4 

(97%Cement+

3%grahene 

oxide) 

 

 

29.55 

 

31.25 

 

34.85 

Table 5.1: Compressive Strength Results of Concrete in 

Mpa Obtained at 28, 56, 90 Days Testing 

 For MIX-1, when compared with 28days strength, the 

compressive strength of concrete increases to 7% at 

56days, and it increases up to 16.12% at 90days. 

 For MIX-2, when compared with 28days strength, the 

compressive strength of concrete increases to 8, 2% at 

56days, and it increases up to 18.13% at 90days. 

 For MIX-3, when compared with 28days strength, the 

compressive strength of concrete increases to 4.25% at 

56days, and it increases up to 14.13% at 90days. 

 For MIX-4 , when compared with 28days strength, the 

compressive strength of concrete increases to 5.32% at 

56days, and increases up to 17% at 90days 
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Fig 5.1Compressive Strength Results Obtained in Mpa 

versus Duration of Days 

s.no 

Mix designation 

for 

M25 

28days 56days 90days 

1 

MIX-1 

(100%cement+0

%graphene oxide) 

3.39 3.45 3.68 

2 

MIX-2 

(100%cement+1

%graphene oxide) 

3.42 3.68 3.80 

3 

MIX-3 

(100%cement+2

%graphene oxide) 

3.78 3.92 4.10 

4 

MIX-4 

(100%cement+3

%graphene oxide) 

3.1 3.32 3.50 

Table 5.2: Split Tensile Strength Results of Concrete in Mpa 

Obtained at 28, 56, 90 Days Testing 

 For MIX-1, when compared with 28days strength, the 

split tensile strength of concrete increases to 1.7% at 

56days, and it increases up to 8.5% at 90days. 

 For MIX-2, when compared with 28days strength, the 

split tensile strength of concrete increases to 7.6% at 

56days, and it increases up to 11.11% at 90days. 

 For MIX-3, when compared with 28days strength, the 

split tensile strength of concrete increases to 3.7% at 

56days, and it increases up to 8.4% at 90days. 

 For MIX-4, when compared with 28days strength, the 

split tensile strength of concrete increases to 7% at 

56days, and increases up to 12% at 90day 

 
Fig. 5.2: Split Tensile Strength Results Obtained in Mpa 

versus Duration of Days 

VI. CONCLUSION 

1) Incorporation of Graphene nanoparticles in concrete 

showed interested modifications in mechanical and 

micro structural properties. 

2) Nanoparticles of graphene oxide improves the 

mechanical properties of the concrete, both compression 

and flexural strength, when, concrete samples were 

tested with Graphene Oxide (GO) in percentage of 1% to 

3% by weight of cement to obtain high strength, it is 

carried out for M25 grade of concrete. 

3) For MIX-1, when compared with 28days strength, the 

compressive strength of concrete increases to 7% at 

56days, and it increases up to 16.12% at 90days. 

4) For MIX-2, when compared with 28days strength, the 

compressive strength of concrete increases to 8.2% at 

56days, and it increases up to 18.13% at 90days. 

5) For MIX-3, when compared with 28days strength, the 

compressive strength of concrete increases to 4.25% at 

56days, and it increases up to 14.13% at 90days. 

6) For MIX-4, when compared with 28days strength, the 

compressive strength of concrete increases to 5.32% at 

56days, and it increases up to 17% at 90days. 

7) For MIX-1, when compared with 28days strength, the 

split tensile strength of concrete increases to 1.7% at 

56days, and it increases up to 8.5% at 90days. 

8) For MIX-2, when compared with 28days strength, the 

split tensile strength of concrete increases to 7.6% at 

56days, and it increases up to 11.11% at 90days. 

9) For MIX-3, when compared with 28days strength, the 

split tensile strength of concrete increases to 3.7% at 

56days, and it increases up to 8.4% at 90days. 

10) For MIX-4, when compared with 28days strength, the 

split tensile strength of concrete increases to 7% at 

56days, and it increases up to 12% at 90days. 
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