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Abstract 

The objective of the suggested study was to examine the possible application of multi-walled carbon 

nanotubes (MWCNTs) as nano reinforcement to improve concrete's compressive strength. Single-

walled carbon tubes (SWCNTs) and multi-walled carbon tubes (MWCNTs) are two groups of 

cylindrical-shaped carbon allotropes known as carbon nanotubes (CNTs). Tests are carried out 7, 14, 

and 28 days after the MWCNTs are reinforced in M20 grade concrete at 0.02% and 0.025% (by weight 

of cement). MWCNTs are dispersed using the dry mix technique, which involves adding the MWCNTs 

to cement and mixing by hand for five minutes. Test results indicate that after 7, 14, and 28 days of 

curing on reinforcement of 0.02% of MWCNTs, compressive strength increased by 4.6%, 6.7%, and 

8.7%, and 5.3%, 10.6%, and 14.63% after 7, 14, and 28 days of curing on reinforcement of 0.025% of 

MWCNTs. 
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INTRODUCTION 

The most often used artificial substance in the world is concrete. As the resource that is consumed 

the most on Earth, it is surpassed only by water. The majority of the growth from the 1990s forward 

was attributed to Asia and China. About 2.2 billion tons of CO2 were produced worldwide in 2016 from 

the manufacturing of cement, or 8% of the total. That was derived from the calcination process to the 

more than half. Research on using nanotechnology to change the way cement is processed in order to 

lower CO2 emissions from the cement industry is being driven by the current push to do so. Utilizing 

CNTs increases the amount of fly ash used, which increases the amount of industrial waste used and 

improves environmental safety. Numerous issues with concrete use have been documented in the 

literature, including poor tensile strength and quasi-brittle nature, erosion, building flaws, cracking, 

disintegration, scaling, spalling, and efflorescence. Thus, scientists have worked to find a way to 

enhance concrete's quality and address the issues it causes. Lately, the usage of fibers—both natural 

and synthetic—at different scales—from macro to nano—has garnered a lot of interest. The high 

mechanical performance of cement-based composites enhanced by CNTs is attributed to their 

nucleation effects, crack bridging properties, and superior adherence to hydration products. CNTs 

enhance cementitious materials' resilience to freeze-thaw as well as their shrinkage and water-loss 

properties. CNT-reinforced cement has a strong 

defense against abrasion, chemical attack, and 

weathering. greater concentrations of CNTs were 

shown to boost the flexural strength of cement-

based composites when the CNTs had a greater 

aspect ratio. The steel may slip due to inadequate or 

poor adhesion, which could result in severe 

deformation, cracking, or even the collapse of the 

entire structure. The characteristics of CNT-

reinforced concrete are influenced by the following 

factors: volume, orientation, aspect ratio, and 

relative stiffness of the fiber matrix [1-5] Figure 1 
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Figure1. MWCNTs. 

 

LITERATURE REVIEW 

Valentin et al. (2004) [19] Carbon nanotubes are special tubular structures with a significant length-

to-diameter ratio and a nanometer-scale diameter. The quasi-one-dimensional (1D) structure of the 

nanotubes and the arrangement of the carbon atoms in the shells, which resembles graphite, are the 

sources of their remarkable mechanical and electrical capabilities. Because of their high tensile strength 

and Young's modulus, the nanotubes are therefore preferred for composite materials with improved 

mechanical properties. 

 

Gogotsi., Nanomaterials handbook Taylor & Francis Group (2006) discovered that the 20% 

increase in Young's modulus observed for the nanocomposite films with an only 0.2% loading of 

SWNTs was attributed to the contribution of nanotubes. According to a 2012 analysis by Saurav et al., 

nanotechnology is being applied to building materials for a range of civil engineering projects. Utilizing 

nanotechnology allowed for the control of matter at the atomic level; as a result, strength, durability, 

and other material qualities were significantly impacted below the nanometer scale (10-9 m). Concrete 

that has been treated with nanotechnology is more resilient, easier to lay, and stronger.  

 

Jayshree et al (2013) reviewed the impact of multiwall carbon nanotubes (CNT) on the durability 

and strength properties of concrete. After 28 days of curing, they added MWCNT with surfactants to 

water and assessed the sonication process using 36 specimens in cement. The samples' compressive and 

splitting-tensile strengths increased with increasing MWCNT, according to the data obtained after 28 

days of curing. Consequently, after 28 days of cure, there was a 17% decrease in water absorption and 

a reduction in crack propagation. They observed that when the amount of functionalized MWCNT in 

the concrete increased, the concrete's water absorption decreased more significantly, making the 

concrete stronger and more water resistant. 

 

Abhinayaa (2014) studied and found that the compressive strength of concrete rises with the amount 

of functionalized MWCNT present. In actuality, the addition of 0.045% functionalized MWCNT to 

concrete boosts its compressive strength by 26.69%. For 0.045% of MWCNT, the split tensile strength 

rose by 36.3%. The rate at which the tensile strength increases with an increase in MWCNT is higher 

than the rate at which the compressive strength increases.  

 

Ramzitaha, Nasser AL Nuaimi, Mohamed O. Mohsen, Mohamed S. AL Ansari, and Ala Abu 

Taqa, October 2019. The author of this study came to the conclusion that concrete with high CNT 

contents—between 0.15 and 0.25 weight percent—would have greater flexural strength and more 

ductility. The addition of CNTs to concrete resulted in a minimum 45% drop in the permeability 

coefficient. When compared to plain concrete, the addition of CNTs to concrete produced a denser 

composite with higher flexural strengths and strain capacity as well as lower permeability. 

 

Heba A. Gamal (2021) examines the CNTs' efficiency. They added 15% of nano clay to the mixture, 

along with 0.01%, 0.02%, and 0.04% of CNTs by weight. Various tests are conducted, including 
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workability, air content, tests for compressive strength, tensile strength, flexural strength, resistance to 

corrosion, chloride penetration, and scanning electron microscopy (SEM). Based on the test results, it 

was determined that hybrid nanoparticles improve durability qualities and corrosion resistance while 

also showing an increasing trend in chloride penetration and bond strength [6-10]. 

 

METHODOLOGY 

Materials 

The experiment uses natural sand, pozzolana Portland cement, and aggregate with a 20 mm size. 

Table 1 lists the MWCNT specifications used in the project. 

 

Mixes Preparation 

In M20 grade concrete, two distinct amounts of MWCNTs—0.02% and 0.025 percent—are added 

by weight of cement. The water-to-cement ratio (0.5) is maintained constant. Six samples (one sample 

= three cubes) were made, three for 0.02% and three for 0.025% of MWCNTs.[11-14]. 

 

Experimental Procedure 

A 15 x 15 x 15 cm cube specimen is created using MWCNT concentrations of 0.02% and 0.025% by 

weight of cement. Prior to adding aggregate and water and mixing for a further two minutes, MWCNTs 

are first combined with cement while it is still dry. After that, use a tamping rod to compact each of the 

five layers of concrte into a cube using 25 strokes. The test specimens are labeled, taken out of the 

molds, and preserved in clear freshwater for 7, 14, and 28 days after being kept in moist air for 24 hours. 

[15-19]  

 

Table 1. Specification of MWCNTs. 

Purity >96% 

Colour Black 

Diameter 20 nm 

Form Powder 

Length 10 micrometer 

 

Table 2. RESULTS AND DISCUSSION: shows the Compressive Strength of concrete reinforced with 

different percentage of MWCNTs on the different days of the experiment 

Effect of varying percentages of Multi-Walled Carbon Nanotubes (MWCNTs) on the compressive 

strength of concrete at different curing periods. 

w/c ratio % of MWCNTs Compressive strength of concrete (N/mm2) 

7 days 14 days 28 days 

0.50 - 13 18 20.5 

0.50 0.02 13.6 19.2 22.3 

0.50 0.025 13.7 19.9 23.5 
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Figure 2. Multiwalled Carbon Nanotubes. 

Here Figure 3 shows the Compressive Strength of concrete reinforced with 0.02% of MWCNTs on 

the seventh day of the experiment 

 

(Sample1) 

Here Figure 4 shows the Compressive strength of concrete reinforced with 0.02% of MWCNTs on 

fourteenth day of the experiment 

 

(Sample 2)  

Here Figure 5 shows the Compressive strength of concrete reinforced with 0.02% of MWCNTs on 

the 28th day of the experiment. 

 

 
Figure 3. 7 days Compressive Strength of concrete reinforced with 0.02% of MWCNTs. 
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Figure 4. 14 days Compressive strength of concrete reinforced with 0.02% of MWCNTs. 

(Sample 3) 

Here the Figure 6 shows the Compressive Strength of concrete reinforced with 0.025% of MWCNTs 

on the seventh day of the experiment 

 
(Sample4)  

Here Figure 7 shows Compressive Strength of concrete reinforced with 0.025% of MWCNTs after 

the 14 days of the experiment 

 
(Sample5)  

Here Figure 8 shows Compressive Strength of concrete reinforced with 0.025% of MWCNTs after 

the 28 days of the experiment 

 

 
Figure 5. 28 days Compressive strength of concrete reinforced with 0.02% of MWCNTs. 
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Figure 6. 7 days Compressive Strength of concrete reinforced with 0.025% of MWCNTs. 

 
Figure 7. 14 days Compressive Strength of concrete reinforced with 0.025% of MWCNTs. 
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Figure 8. 28 days Compressive Strength of concrete reinforced with 0.025% of MWCNTs. 

 

CONCLUSION  

The aforementioned data indicates that, when reinforced with 0.02% of MWCNTs, the compressive 

strength of concrete increased by 4.6%, 6.7%, and 8.7% compared to conventional concrete on the 

curing duration of 7, 14, and 28 days; when reinforced with 0.025% of MWCNTs, the increases were 

5.3%, 10.6%, and 14.63%. Thus, when the amount of MWCNTs increased, so did the compressive 

strength.  

 

Future Scope 

The following parameters also apply to research papers: the concrete's workability decreases as the 

concentration of MWCNTs increases, while the concrete's initial and ultimate setting times remain 

unaffected. 

The high mechanical performance of cement-based composites enhanced by CNTs is attributed to 

their nucleation effects, crack bridging properties, and superior adherence to hydration products. The 

following parameters also apply to research papers: the concrete's workability decreases as the 

concentration of MWCNTs increases, while the concrete's initial and ultimate setting times remain 

unaffected. 

 

The high mechanical performance of cement-based composites enhanced by CNTs is attributed to 

their nucleation effects, crack bridging properties, and superior adherence to hydration products. The 

flexural strength of cement pastes containing carbon nanotubes (CNTs) was shown to increase when 

compared to conventional cement paste. greater concentrations of CNTs were shown to boost the 

flexural strength of cement-based composites when the CNTs had a greater aspect ratio. Cementitious 

composites containing CNTs have superior durability performance when the water-to-cement ratio is 

low. The chemically treated CNTs are also very resistant to the penetration of chloride ions. 

Furthermore, CNTs exert a stronger influence on the long-term, time-dependent shrinkage and creep. 

 

By decreasing the quantity of micropores and nanopores, the pore filling and nucleation action of 

CNTs results in the improved durability properties. As a result, adding CNTs to cementitious materials 

enhances both their resistance to shrinkage and water loss as well as their ability to withstand freeze-

thaw cycle  
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