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Abstract— Cementitious materials (especially concrete) are 

the most common construction materials used worldwide. 

However, cementitious materials are generally brittle and 

have very low tensile strength and strain capacity. 

Macroscopic steel reinforcement bars are commonly used to 

improve the strength and ductility of this type of material, but 

in recent decades extensive research on the effects of micro- 

and macro fibers in controlling the growth of cracks in 

cementitious materials has been carried out. The concept 

behind such a transition to fiber-reinforced cement (FRC) is 

that the resulting tensile strength is developed from many 

individual fibers rather than a few pieces of steel. While 

microfibers may delay the nucleation and growth of cracks on 

the micro scale, nano reinforcement would delay the 

nucleation and growth of cracks on the nano scale. If nano 

scale cracks can be successfully controlled, their propagation 

to the micro level would be prevented. Recently, carbon 

nanostructures such as carbon nanotubes (CNTs, both single 

and multi-walled), carbon nano fibers (CNFs), and graphene 

have attracted attention from many concrete researchers 

because of their exceptional mechanical, chemical, thermal, 

and electrical properties, and good performance as polymeric 

reinforcement materials. This project presents the results of 

an experimental investigation of graphene oxide on 

mechanical properties of concrete. This article aims to find 

out the optimum quantity of graphene oxide required to 

achieve maximum compressive, tensile and flexural strength 

of concrete. Graphene oxide was added to the concrete in five 

mix proportions. Graphene oxide content were varied by 

0.025%, 0.05% & 0.075% of cement content. To check 

durability of concrete cubes cured in acid solution for the age 

of 7 and 28 days. 
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I. INTRODUCTION 

In ancient days the most of the construction were made up of 

mud and lime. Later in the construction field Concrete 

became a boon of construction and its strength properties 

created tremendous revolution in construction practice. Due 

to its high strength and durability properties, it is largely used 

in all the sectors (like multi-storey buildings, irrigation 

structures, pavements, reservoirs, foundations, dams etc.). As 

concrete is exposed to different environmental conditions, to 

with stand the environmental effects, the properties of 

conventional concrete has to be increased. This may be 

achieved by introducing admixtures or fibers to concrete. 

 The factors affecting the mechanical properties of 

concrete require microstructure level investigations between 

the reactive paste (cement and water) and inert aggregates 

(gravel and sand). Concrete is a porous material composed of 

reactive material and inert aggregates, is permeable to air and 

water properties and this has great influence on the strength 

and durability of concrete structures. From the perspective of 

traditional studies, water to the concrete mix is added to 

increase workability and to facilitate the process of hydration, 

reaction of cement with water, more water more pores are 

formed in the concrete, leading to reduction in strength and 

deterioration. Thereof, the mechanical properties of concrete 

are determined by the porosity generated during the hydration 

process the amount of water added to the mixture.  

 The graphene oxide is chemically referredas (r-GO), 

atomically composite of carbon, oxygen and hydrogen, a 

three-dimensional structure composed of millions of layers of 

graphite; existing in all body cast plain concrete or reinforced 

and which is possible to peel in the water, creating highly 

resistant layers in the material in which you are dispersed.  

 Laboratory tests indicate that when mixtures of 

Portland cement are performed, including controllably 

graphitic material aggregates and steel reinforcement, the 

mechanical propertiesand concrete strength are improved. To 

obtain the dispersion of graphene oxide layers, the water is 

used.  

 Recent advancements in nanotechnology have 

produced nano sized particles that could be used as 

reinforcements to hold back the formation and propagation of 

micro cracks at the start. Nano-reinforcements in 

cementitious matrix materials are more effective than 

conventional steel bar reinforcements (at millimeter scale) 

because they can control nano-size cracks (at the initiation 

stage) before they develop into micro-size cracks. 

 Graphene oxide which forms a matrix material that 

exhibits improved compressive and flexural strength relative 

to an equivalent non- graphene oxide comprising matrix 

material. They have developed a cementitious matrix with 

enhanced strength and durability through the incorporation of 

graphene oxide (GO). Ordinary Portland Cement (OPC) is 

widely used in the construction industry. However, to 

overcome its poor tensile properties and to delay the 

development of micro-cracks, it must be reinforced with steel 

bars and various fibers may be added. 

A. Advantages of “Graphene Oxide Reinforced Portland 

Cement”: 

 Several researchers have found that the addition of CNTs 

results in little change in strength or even a deterioration 

of the composite in some cases. The reasons for this are 

generally attributed to the poor dispersion of CNTs and 

weak bonding between the CNTs and the cement matrix 

while the oxygen functional groups, attached on the basal 

planes and edges of GO sheets, significantly alter the 

Vander Waals interactions between the GO sheets and 

therefore improve their dispersion in water. 

 The length of CNTs can be up to centimetres, which 

gives an aspect ratio exceeding 1000 while the aspect 
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ratio of a single graphene sheet can reach more than 

2000. 

 Value of surface area of a single graphene sheet can 

theoretically reach 2600 m2/g, which is much higher than 

those of CNTs. 

 GO can be easily acquired from natural graphite flakes 

(inexpensive source). 

 They have the ability to improve matrix durability. 

 They can be used to reduce the quantity of steel 

reinforcement required in cementitious matrix structures. 

 Allow adoption of thinner and lighter concrete structures, 

allowing for new architectural designs. 

 Reduced concrete consumption. 

 Relatively low weight percentage levels of graphene 

oxide such as between 0.01% to 0.5% by weight of the 

OPC is required. 

 Resistance too many environmental deterioration 

attacks. 

II. LITERATURE REVIEW 

Zhu Pan, Li Heb, Ling Qiu, Asghar Habibnejad Korayem, 

Gang Li, Jun Wu Zhu, Frank Collins, Dan Li, WenHui Duan, 

Ming Chien Wanga entitled journal on “mechanical 

properties and microstructure of graphene oxide-cement 

composite”. In this journal paper the author used a proprietary 

innovative revolutionary material namely, Graphene oxide 

(GO), the product of chemical exfoliation of graphite. Due to 

its good dispersibility in water, high aspect ratio and excellent 

mechanical properties, GO is a potential candidate for use as 

nano reinforcements in cement-based materials. In this paper, 

GO was used to enhance the mechanical properties of 

ordinary Portland cement paste. The introduction of 0.05 wt. 

% GO can increase the GO–cement composite compressive 

strength by 15–33% and the flexural strength by 41–59%, 

respectively. Crack propagation. Scanning electron 

microscope imaging of the GO–cement composite shows the 

high crack tortuosity, indicating that the two-dimensional GO 

sheet may form a barrier to crack propagation. 

 Monash researchers, led by Dr. Wenhui Duan, have 

discovered a novel method for reinforcing concrete 

construction materials entitled journal on “graphene oxide 

reinforced concrete”. They have developed a cementitious 

matrix with enhanced strength and durability through the 

incorporation of graphene oxide. Ordinary Portland cement is 

widely used in the construction industry. However, to 

overcome its poor tensile properties and to delay the 

development of micro-cracks, it must be reinforced with steel 

bars and various fibres maybe added. Laboratory tests show 

that only 0.05% of GO is needed to improve flexural strength 

of an OPC matrix from between 41% to 59% and 

compressive strength from between 15% to 33%.The addition 

of GO also improves the ductility and reduces the likelihood 

of sudden failure of concrete, with GO-OPC samples 

displaying a broader stress-strain curve within the post-peak 

zone. 

III. TESTS ON MATERIALS 

This chapter deals with the materials used in the project and 

the various tests conducted on them. In this chapter properties 

of the materials which are used for the project are discussed 

and also along with their permissible limits according to the 

standards. The following are the materials used in the 

experimental work. 

1) Cement. 

2) Fine aggregate. 

3) Coarse aggregate. 

4) Water. 

5) Graphene oxide 

Specifications Results 

Specific gravity 3.125 

Fineness modulus 7.33% 

Normal Consistency 26 % 

Initial setting time 35 minutes 

Final setting time 600 minutes 

Table 3.1: Physical properties of cement. 

Specifications Results 

Specific gravity 2.44 

Fineness modulus 2.98 

Bulking of sand 8 % 

Zone II 

Type of sand River sand 

Table 3.2: Physical properties of fine aggregate. 

Specifications Results 

Specific gravity 2.62 

Fineness modulus 4.37 

Shape angular 

Table 3.3: Physical properties of coarse aggregate. 

Specifications Results 

Purity 99 % 

Thickness 1-5 nm 

Lateral dimension 2-10 micron 

Number of layer Average number of layers 4-8 

Surface area 180 m2/g 

Table 3.4: Properties of Graphene Oxide 

A. Mix Design for M25 Concrete: 

 Water Cement 
Fine 

aggregate 

Coarse 

aggregate 

Kg/m3 208.8 417.6 627 1066.18 

Ratio 0.5 1 1.5 2.55 

IV. TESTS RESULTS & DISCUSSION 

To study the strength parameters of concrete it’s necessary to 

conduct certain tests on concrete. Concrete can be tested in 

fresh state as well as in hardened state with different mix 

proportion of graphene oxide. 

 Concrete which is in plastic state that can be 

moulded is called fresh concrete. After adding water to the 

cement mixture, the concrete exists in plastic state for a while 

and after wards setting of concrete starts, during plastic state 

it is termed as fresh concrete. 

A. Compressive Strength Test: 

In the present work Compressive strength test can be carried 

out by using cube size of 150mm×150mm×150mm.Concrete 

cubes are casted for M25 grade concrete with different 

proportions of graphene oxide. The cubes are then demoulded 

after 24 hours of casting and then cubes are kept in curing 
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tank for 28 days. After 28 days curing period cubes shall be 

removed from water and keep it for drying. After that cubes 

should be tested in compression testing machine with 

machine having capacity of 1000 kN and failure load of cubes 

can be noted down with using appropriate formula by which 

compressive strength can be determined. For more accuracy, 

3 cubes shall be casted and tested and compressive strength 

can be calculated by following formula: 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡r𝑒𝑛𝑔𝑡ℎ =
𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑙𝑜𝑎𝑑

 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎
 

S. 

No 

Percentage 

of GO 

Compressive 

strength at 28 

days(N/mm2) 

Percentage 

increase in 

strength (%) 

1 0 30.44 0.00 

2 0.025 32.30 6.11 

3 0.05 33.18 9.00 

4 0.075 34.96 14.85 

5 0.1 39.48 29.70 

Table 6.6: shows the percentage increase of compressive 

strength at age of 28 days 

Average Compressive Strength at Age of 7 & 28 Days of 

Various Proportions of GO 

 

B. Split Tensile Strength Test: 

For tensile strength test cylinders specimens can be casted 

with having dimension of 150mm diameter and 300mm 

length casted for M25 grade concrete with different 

proportions of graphene oxide. The cylinders are then 

demoulded after 24 hours of casting and then cylinders are 

kept in curing tank for 28 days. After 28 days curing period 

cylinders shall be removed from water and keep it for drying. 

After that cylinders should be tested in compressive testing 

machine and taking of 2 average valve and tensile strength 

can be calculated using formula: 

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ(𝑁/𝑚𝑚2) =
2𝑃

П𝑑𝑙
 

 
 From the above fig 6.8 plainly at 0% inclusion of 

additive the elasticity is 2.09 N/mm2.As the rate of addition 

of GO is increased to 0.025%, 0.05 %, 0.075% & 0.1% the 

split rigidity is 2.16 N/mm2, 2.19 N/mm2 ,2.48 N/mm2 & 2.59 

N/mm2 individually. From the fig 6.9 we can infer that for 

increase in every 0.025% addition of GO, there is increment 

in tensile strength in the rate of 3.35%, 4.78%, 18.66 % & 

23.92 %. In this way, we can deduce that split tensile strength 

increments with the addition of GO content in the integrate 

mix. 

C. Durability of Concrete 

The ability of concrete to withstand the conditions for which 

it is designed without deterioration for a long period of years 

is known as durability or Durability of concrete may be 

defined as the ability of concrete to resist weathering action, 

chemical attack, and abrasion while maintaining its desired 

engineering properties. 

 Durability is defined as the capability of concrete to 

resist weathering action, chemical attack and abrasion while 

maintaining its desired engineering properties. It normally 

refers to the duration or life span of trouble-free performance. 

Different concretes require different degrees of durability 

depending on the exposure environment and properties 

desired. For example, concrete exposed to tidal seawater will 

have different requirements than indoor concrete. 

D. Mass loss  

The concrete cubes of 150 mm*150 mm*150 mm size were 

cast for finding the mass loss due to the acid attack. The 

prepared cubes were cured in water for 7 days after which 

they were immersed in 5% H2SO4 acid solution. The initial 

mass and the mass of concrete specimens after the immersion 

period of 28 days were measured for finding the mass loss 

due to the deterioration of concrete specimens. The average 

value of three specimens was considered for assessment.  

 
Fig. 6.10: Average percentage weight loss of concrete 

 From the fig 6.10, we can interpret that at 0.1% 

addition of GO the average percentage of weight loss is least 

when compared to other proportions of GO.  

E. Strength deterioration factor (SDF)  

The deterioration of concrete cube specimens was 

investigated by measuring the strength deterioration factor 

expressed in percentage and it was calculated by using the 

equation      

SDF =  [
𝒇𝒄𝒘−𝒇𝒄𝒂

𝒇𝒄𝒘
] ∗ 100 

 Where, fcw is the average compressive strength of 

concrete cubes cured in water and fca is the average 

compressive strength of cubes immersed in acid solutions. 

The compressive strength test was carried out for each 

specimen in both the solutions after 7 days and 28 days of 

immersion period. In each test period, the average value 

specimens were tested and reported. 
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S.

No 

Percent

age of 

GO 

28 days 

Avg. 

Compres

sive 

Strength 

before 

immersio

n 

(N/mm2) 

28 days Avg. 

Compressive 

Strength after 

immersion(H₂
SO₄ ) 

(N/mm2) 

 

 

Strength 

deteriora

tion 

Factor 

01 0 30.44 21.12 30.62 

02 0.025 32.30 23.04 28.67 

03 0.05 33.18 24.93 24.86 

04 0.075 34.96 28.44 18.65 

05 0.1 39.48 32.56 17.53 

 

V. CONCLUSION 

From my experimental examination I finished up the 

accompanying focuses.   

1) There is change in Compressive strength of Graphene 

oxide concrete in contrast with traditional cement 

concrete. The greatest increment in compressive quality 

is observed at mixture proportion with 0.1 % addition of 

GO. When contrasted and controlled, the expansion in 

the compressive quality with addition of GO in rates of 

0.025%, 0.05%, 0.075% & 0.1% is 6.11%, 9%, 14.85% 

& 29.7% individually.  

2) As the rate of addition of GO is increased to 0.025%, 

0.05 %, 0.075% & 0.1% the split rigidity is 2.16 N/mm2, 

2.19 N/mm2 ,2.48 N/mm2 & 2.59 N/mm2 individually. 

we can infer that for increase in every 0.025% addition 

of GO, there is increment in tensile strength in the rate of 

3.35%, 4.78%, 18.66 % & 23.92 %. In this way, we can 

deduce that split tensile strength increments with the 

addition of GO content in the emulsify/integrate mix.  

3) Durability test will be more as the rate of strands 

expansion is increment. From results we can reason that 

0.5% expansion of cross breed filaments gives same 

Sorptivity valve contrast with customary cement.  

4) The ideal rate of addition of GO is 0.1%. 
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