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Abstract- Carbon Nanotubes (CNTs) are basic carbon consisting of curved graphene layer which consists 

of a single layer of atoms in a combined hexagonal structure. After plenty of years several 

characterization of the carbon Nanotubes has become very popular in various applications in civil 

engineering. Carbon Nanotubes shows good results in terms of mechanical properties of cement mortar 

when added to it. Literature has showed that carbon Nanotubes can be used in the manufacture of the 

concrete and the cement pastes. This paper represents the summary of the various research works on the 

usage of the carbon nanotubes in cement paste, mortars and concrete. 
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I. INTRODUCTION 

Lijma and his group discovered the carbon Nanotubes in the year of 1991 there after growing the special interest 

in the CNTs [1].CNTs are available in the form of hollow tubular channels, and also formed either by Single-

walled Carbon Nanotubes (SWCNTs) and multi-walled Carbon Nanotubes (MWCNTs) of rolled graphene sheet 

[2, 3].Most of the researchers and industrial persons show their special interest because of their extraordinary 

physical properties as well as chemical properties. These properties will be useful in different applications from 

existing matter in to Nano sized meter composites [4, 5].Carbon Nanotubes are circulated in a finer scale when 

compared to Carbon Nanofibers, Carbon Nanotubes depends on the parameters, and the nature of the synthesis 

method that is arc discharge methodology [6], Laser ablation [7] and  chemical vapour deposition (CVD) 

[7,8].Carbon Nanotubes were used for numerous composite applications showing the outstanding physical 

properties and mechanically they will exhibit elastic modulus in terms of TPa range [9]. CNTs have theoretical 

strength of 100 times than that of steel [10], although the exact magnitude of the value depends upon only on the 

diameter and chirality, Single-walled carbon Nanotubes and multi- walled carbon Nanotubes has high strength 

of 60 GPa and 6% for  ultimate strain which have been reported [11, 12]. In CNTs/Alumina matrix the strength 

will be three times the toughness [13]. The single-walled carbon Nanotubes will shows the electric properties 

which will have a semi conducting or metallic character and also depends upon their chirality. Where as in the 

multi-walled carbon Nanotubes shows the metallic character and it is having the electrical conductivities in the 

range of 10
5-106 s/cm that have been reported for MWCNTs [14]. The plain concrete have low tensile strength 

and is quasi-brittle which is vulnerable to the uncontrolled propagation of cracks; to overcome this advantage, a 

new concept of introducing additional material at the millimetres to Nano meter scale has been realized in recent 

years. Fibers at the millimetres, micro scale are a commonly used materials [15].Advanced technology with in 

this field of Nano materials, such as Carbon Nanotubes (CNTs), Nano silica, Nano TiO2, Nano Fe2O3, and Nano 

Al2O3 has recent focused on the reinforcement of the cement motor. Carbon Nanotubes (CNTs) are available in 

two forms one is Single-walled carbon Nanotubes (SWCNTs) and the one is Multi-walled carbon Nanotubes 

(MWCNTs), it depends on the number of concentric tubes [16-18].The researchers has been worked on 

determining the performance index with in the field of mechanics, electricity and thermology [19-24].Carbon 

Nanotubes will have the outstanding mechanical, thermal and electrical properties. The MWCNTs will have 

range from 1.4nm to 100nm, whereas their lengths range from 0.1 to 100 micro meters [25-28].  

In the SWCNTs the dimensions will starts from 0.4nm to 3nm where as in their lengths the dimensions will 

starts from 1 to 50 micro meters [25, 28]. But in the aspect ratio it is approximately 1000 times in general 

exceeding 107 at its limit [25, 28, and 29].The carbon atoms will have a chemical bonding atoms composed 

entirely of sp2 bonds, similar to those of graphite and strengthen than sp3 bonds, making the carbon Nanotubes 

will be high in both modulus and strength. In SWCNTs tensile strength will reach up to 500 GPA, where the 

MWCNTs can reach only 10 GPA-63 GPA [24, 30]. The young's modulus of SWCNTs and MWCNTs are 

approximately 1 TPA and 0.21TPA respectively [28, 31]. The yield strain will be more than 10% [32]. When 

compared to capped one the open ended CNTs will have the higher chemical reaction [33].In the CNTs the 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 A.Vijayabhaskar et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i2/170902045 Vol 9 No 2 Apr-May 2017 564



elastic modulus and the tensile strength are very less because of having the larger c-c bond compared to graphite 

[34].Carbon Nano tubes are made with length to diameter ratio of up to 1, 32,000,000:1. It’s larger than the 

other material.Which are valuable for engineering, optics, electronics and Nano technology [35, 36, and 37]. 

Carbon Nano tubes with all the above said properties will be used as additives to the structural materials. 

II. SYNTHESIS OF CARBON NANO TUBES 

The MWCNTs were initial known within the arc discharge methodology by Lijma [38]. This methodology will 

be used in the manufacture process of the carbon Nano fibers and fullerenes. TheSWCNTs took two years 

forsynthesis Lijma and Ichihashi [39] and Bethune et al [40].The followed method of metal catalysts with in the 

arc discharge methodology. In the optical devices ablation process will be used to synthesis bundles of aligned 

SWCNTs with tiny diameter distribution by researchers [41]. Yacaman et al was first to use chemical vapour 

decomposition (CVD) for catalytic growth of the Carbon Nanotubes. For the synthesis of the Carbon Nanotubes 

different procedure are followed such as chemical vapour deposition.(CVD)[45], Arc discharge methodology 

(AD)[43] and Laser ablation (LA)[46]. Chemical vapour deposition (CVD) is the most employed technique [44] 

because under the particular conditions it will allow the collection of group of Carbon Nanotubes with well 

aligned structures and with the desired orientation of the layers [47].The different methods of carbon Nanotubes 

preparation can be consulted through recent reviews by Szaboetal [48] and Praseketal [49]. 

III. CARBON NANOTUBES ADDITIONS 

Carbon Nanotubes and carbon fibers (CNFs) have showed a very good improvement in terms of strength in the 

cement based composites. Carbon Nanotubes will have the extraordinary properties [63]. Carbon Nanotubes will 

have excellent young's modulus, elastic behaviour and high tensile strength [64] and extraordinary thermal 

property [65]. There is no proof of Caron Nanotubes commercially available especially for construction 

materials [62], some of the trails shown that the significant improvement in hardness, compressive strength and 

young’s modulus. Carbon Nanotubes addition will increases the the compressive strength by 50% [66] almost 

600% increase in hardness at the early age of hydration [67] and greater than the 200% increase in young's 

modulus [68]. 

IV. CARBON NANO TUBES AND NANO FIBERS 

Carbon Nanotubes/Nano fibers were used as the Nano reinforcement in cement based materials.CNTs/CNFs 

will gives the greater strength in terms of modulus of elasticity (TPA) and the tensile strength (GPA) and it has 

distinctive chemical and electronic properties [69-71].CNTs/CNFs Nano materials can strengthen the 

mechanical properties of the cement based materials [72, 73].CNFs,SWCNTs and MWCNTs are highly 

structured graphene ring based on high aspect ratio (1000 or more)[74] and it is having a high surface areas. 

CNTs/CNFs were broadly studied in the polymeric composites [75-77].In the present days carbon Nanotubes 

and carbon fibers were the most extensively used research materials. This area of research gives the surprising 

results, the researchers focuses on CNTs (Carbon Nanotubes) addition in cement pastes than Carbon Nano fibers 

(CNFs) [72, 78-82]. Only a small number of investigations [73, 82] have dealt with the incorporating of the 

CNTs in to the mortar. The main challenge in the carbon Nanotubes /Nano fibers was proper dispersion that will 

be taken place in the cement paste, partially due to their hydrophobicity and some partially due to strong self 

attraction incorporating CNTs/CNFs in to the cement composites. The mechanical properties show the mixed 

results a good interaction bond between the CNTs/CNFs that has been observed. 

V. METAL OXIDE NANO PARTICLE ADDITIONS 

The main advantage of these Nano materials used in the construction industry was, its capability and good 

mechanical properties of the cement based structural materials, and the use of these Nano materials has the 

following advantages. 

1. It gives the high strength in concrete for the particular applications. 

2. It will cut back the quantity of cement in concrete so as to get similar strength and decreasing the price and 

therefore creating positive environmental impact on construction materials. 

3. Nano materials will increase the strength in concrete within a short curing time and reduces the construction 

time period. 

4. The addition of some of the metal Oxides present in the Nano particles in concrete, can reduces the 

permeability of concrete into ions. Because of this aspect the concrete will strengthen and there after we can 

improve the durability aspects. 

5. TiO2, Nano particles [50-52], Al2O3 Nano particles [53-55], ZrO2 Nano particles [55], Fe2O3 Nano particle 

[53, 55-57], SiO2 Nanoparticle [52, 53, 56-61] and Nano clay [21-24], inclusion in to the cement and 

concrete specimens shows improved mechanical properties. 

6. The metal oxides Nano particles reacts with CaOH increasing the number of calcium silicate hydrate(C-S-

H) gel, this produces the leading additional compacted microstructure and  thereby decreases the 

permeability, and also improves the mechanical properties [58] such as flexure, compressive strengths and 

abrasion resistance [59]. 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 A.Vijayabhaskar et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i2/170902045 Vol 9 No 2 Apr-May 2017 565



VI. PROPERTIES OF THE CARBON NANO TUBES 

A. Mechanical properties 

Carbon Nanotubes has high stiffness and axial strength as a result of its carbon-carbon sp2 bonding. The case of 

utilization of these carbon Nanotubes requires the fracture, elastic response, yield strength, inelastic behaviour 

and buckling. Carbon Nanotubes will have the stiffest fibre with  young’s modulus of 1.4 TPA and also the 

elongation failure of 20-30% which will have a tensile strength of 100 GPa .In case of the young’s modulus the 

steel will have 200 GPa and the tensile strength will lies between  1GPA-2 GPa. 

B. Thermal properties 

Carbon Nanotubes shows that the thermal conduction will be double than that of the diamond. Carbon Nano 

tubes can have a special property of feeling cold to the bit, like metal, on the sides were the tube ends are 

exposed. Thermal conductivity and specific heat can be determined by using the phonons. The measurements of 

the thermo electric property of a Nanotube systems can offer the direct information carriers and therefore for the 

conduction mechanisms. 

C. Strength 

Carbon nanotubes are stiffest and strongest materials. In the year 2000 multi-walled carbon Nanotubes were 

tested [69] and it achieves a tensile strengthof 63gigapascals (GPa) and later in the year of 2008 it gains a 

strength of up to 100 GPa [70].But in the case of individual, the carbon Nanotubes shows that strength will have 

extremely high and weak interactions between the adjacent shells because of its aspect ratio. Due to this 

sometimes carbon Nanotubes will reduces the strength  and the carbon Nanotubes bundles will down to only a 

few GPA[71].Multi-walled carbon Nanotubes the strength will reaches up to 60 GPA [70] and 17 GPA for 

double walled carbon Nanotubes. 

D. Kinetic properties 

Multi walled carbon Nanotubes will have the multiple concentric nanotubes with in one another, because of 

these it exhibit a striking telescope property where as in the inner nanotube will may slide without friction. 

Outer shell of the nanotube will creates an automatically perfect linear or rotational bearing. 

E. Toxicity 

The toxicity can play a key role in the field of the nanotechnology. The information are still to be fragmental 

and subject to criticism owing to the starting results which can highlight the issues with in the evaluating 

method of the toxicity of the heterogeneous material parameters like surface area, surface charge, surface 

chemistry, structure, sized distribution, agglomeration. The state of the samples can have bound impact on the 

carbon nanotubes. But the results show that the carbon nanotubes can cross the membrane barriers. If the raw 

materials reaches the organs, this will create the harmful effects like inflammatory, fibroticreactions for the 

human beings [72], if these carbon nanotubes enter into human cells it accumulate in the cytoplasm which will 

even lead to death [73]. 

VII. APPLICATIONS OF THE CARBON NANOTUBES 

Carbon Nanotubes will have a numerous applications in various application fields like Civil engineering, energy 

sector, medicine sector, environmental, electronic sector etc. Carbon Nanotubes will have remarkable 

applications in the concrete structures. Researchers identified that the carbon nanotubes can fill these voids in to 

the conventional type of concrete. Because of these voids, water can penetrate and it will cause concrete cracks. 

The filling voids in conventional concrete can reduce the cracks. Carbon Nanotubes and carbon Nano fibers will 

gives the greater strength with high modulus of elasticity it is represented in terms of TPA and the tensile 

strength will be represented in the order of GPA and this will have a special chemical properties and electronic 

properties [74-76].Adding of weight percentage of MWCNTs to the epoxy resin will increase the fracture 

toughness and stiffness by 23% and 6% respectively. But at the same time carbon nanotubes will be good at 

enhancing the mechanical properties. These increases will depend upon the diameter, dispersion, alignment, 

aspect ratio and interfacial interaction with the matrix. According to theoretical aspect SWCNTs will have a 

young’s modulus as high as 1TPA.other enhancements are strength characteristics carbon nanotubes will be 

good at the mechanical properties, as well as self compacting concrete and resistance to chloride penetration, 

and because of these properties shrinkage and permeability will be reduced [77, 78].Primarily carbon nanotube 

will have the mechanical properties of the reinforcement in composite materials. Carbon Nanotubes will 

behaves in a different way in the response of a load. By using these carbon nanotubes a sensor has been inserted 

in to the concrete structures as crack indicators. Carbon Nanotubes is facing a major challenge in the availability 

and the cost aspects. There is no available techniques that can produce a large amount of carbon Nanotubes with 

pureness and excellence in terms of kilogram amounts. At present the carbon nanotubes price will be very high 

for commercial applications. In the initial stage carbon Nano fibers/fullerenes were also very high. But the 

present scenario has been totally changed in the carbon Nanotubes in the last 2-3 years. Several companies came 

forward to start and manufacture the carbon Nanotubes. If we overcome these challenges in the carbon 
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Nanotubes aspects, this will become a most innovative and useful material in the construction industry in the 

concrete structures. 

VIII. CONCLUSION 

1.Carbon Nanotubes will  have the excellent properties in various applications fields like civil engineering, 

energy sector, medicine sector, environmental ,electronics sector etc. a plenty of research work has been done 

and the test results shows that the carbon Nano tubes having the excellent potential in various application fields. 

2. By adding these carbon Nanotubes in cement and concrete specimens, the results observed shows that the 

mechanical properties has been increased significantly. Good interaction takes place between the cement paste 

and the carbon Nanotubes. Carbon Nanotubes are dispersed uniformly throughout the cement mortar without 

any aggregation of the carbon Nanotubes. Good interaction takes place between the fly ash cement and the 

carbon Nanotubes composites has been identified through research. 

3. Compressive strength will increase with the fly ash mixes. The increase of the carbon nanotubes will give 

high strength. The specimens with high strain loadings and with optimal addition of the carbon nanotubes, the 

strength of the composite will be increased. 

4. Inclusion of the carbon nanotubes shows the flexural strength will get increased with the high aspect ratios of 

the carbon nanotubes. In plain cement the strength will be very low. Flexural strength directly depends upon the 

concentration of the carbon nanotubes. When compared to carbon nanofibers, carbon Nanotubes will give the 

good flexural strength. 

5. When the samples are reinforced with the carbon Nanotubes, young’s modulus will be greater than the plain 

cement composites. 

REFERENCES 

[1] Lijima S, “Helical microtubes of graphitic carbon”, Nature 1991; 354(7):56–58. 

[2] Lau KT and Hui D, “The revolutionary creation of new advanced materials”, carbon nanotube composites, Composites: Part B 2002;   

33:263–277. 

[3] Grobert N, “Carbon nanotubes becoming clean”, Mater Today 2007; 10(1–2):28–35. 

[4] Dai H, “Carbon nanotubes: opportunities and challenges”, Surf Sci2002; 500:218–241. 

[5] Popov VN, “Carbon nanotubes: properties and application”, Mater Sci Eng R 2004;43(3):61–102. 

[6] Ando Y, “The preparation of carbon nanotubes”, Fuel Sci Technol 1994;2(2):173–180. 

[7] Maser WK, Benito AM and Martinez MT,“ Production of carbon nanotubes the light approach”, Carbon 2002;40(10):1685–1695. 

[8] Oncel C and Yurum Y, “A review on the effect of reaction parameters”, Carbon Nanostruct 2006;14:1737. 

[9] Salvetat JP, Bonard JM, Thomson NH, Kulik AJ, Forro L, Benoit W, “Mechanical properties of carbon nanotubes”, Appl Phys A 

1999;69(3):255–260. 

[10] Wong EW and Sheelan PE, “Nanobeam mechanics: elasticity, strength, and toughness, of nanorods and nanotubes”, Science 

1997:161–167. 

[11] Yu MF, Lourie O, Dyer MJ, Moloni K, Kelly TF, RuoffRS, “Strength and breaking mechanism of multiwalled carbon nanotubes 

under tensile load”, Science 2000;287:637–640. 

[12] Walters DA, Ericson LM, Casavant MJ, Liu J, Colbert DT, Smith KA, “Elastic strain of freely suspended single-wall carbon nanotube 

ropes”, ApplPhysLett 1999;74(25):3803–3805. 

[13] Zhan GD, Kuntz JD, Wan J, Mukherjee AK, “Single-wall carbon nanotubes as attractive toughening agents in alumina-based 

nanocomposites”, Nature Mater 2003;2(1):38–42. 

[14] Ebbesen TW, Lezec HJ, Hiura H, Bennett JW, Ghaemi HF, ThioT, “Electrical conductivity of individual carbon nanotubes”, Nature 

1996;382(4):54–56. 

[15] Sun S, Yu X, Han B and Ou J, “ In situ growth of carbon nanotubes/carbon nanofibers on cement/mineral admixture particles: a 

review”, ConstrBuildMater 2013;49:835–840. 

[16] Iijima S, “Helical microtubules of graphitic carbon”, Nature 1991;354(6348):56–58. 

[17] Bethune D, Klang C, De Vries M, Gorman G, Savoy R and Vazquez J, “Cobalt catalysed growth of carbon nanotubes with single 

atomic-layer walls”, Nature1993;363:605–607. 

[18] Iijima S and Ichihashi T, “ Single-shell carbon nanotubes of 1-nm diameter”. Nature1993; 363:603–605. 

[19] Treacy MJ, Ebbesen T and Gibson J, “Exceptionally high Young’s modulus observed for individual carbon nanotubes”, Nature 1996; 

381:678–680. 

[20] Yakobson BI, Brabec C and Bernholc J, “Nano mechanics of carbon tubes: instabilities beyond linear response”, Phys Rev Lett 

1996;76(14):2511. 

[21] Cornwell C and Wille L, “Elastic properties of single-walled carbon nanotubes in compression”, Solid State Commun 

1997;101(8):555–558. 

[22] Berber S, Kwon Y-K and Tománek D, “Unusually high thermal conductivity of carbon nanotubes”, Phys Rev Lett 2000;84(20):4613. 

[23] Prylutskyy YI, Durov S, Ogloblya O, Buzaneva E and Scharff P, “Molecular dynamics simulation of mechanical, vibrational and 

electronic properties of carbon nanotubes”, Comput Mater Sci 2000;17(2):352–355. 

[24] Yu M-F, Lourie O, Dyer MJ, Moloni K, Kelly TF and Ruoff RS, “Strength and breaking mechanism of multi-walled carbon nanotubes 

under tensile load”, Science 2000;287(5453):63740. 

[25] Chan LY and Andrawes B, “ Finite element analysis of carbon nanotube/cementcomposite with degraded bond strength”, Comput 

Mater Sci 2010;47 (4):994–1004. 

[26] Konsta-Gdoutos MS, Metaxa ZS and Shah SP, “Multi-scale mechanical and fracturecharacteristics and early-age strain capacity of 

high performance carbon nanotube/cement nanocomposites”, CemConcr Compos 2010;32(2):110–115. 

[27] Materazzi AL, Ubertini F and D’Alessandro A, “Carbon nanotube cement-based transducers for dynamic sensing of strain”, 

CemConcr Compos 2013;37:2–11. 

[28] Han B, Sun S, Ding S, Zhang L, Yu X and Ou J, “ Review of nano carbon-engineered multifunctional cementitious composites”, Appl 

Sci Manuf 2015;70:69–81. 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 A.Vijayabhaskar et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i2/170902045 Vol 9 No 2 Apr-May 2017 567



[29] Wang G-W, Zhao Y-P and Yang G-T, “The stability of a vertical single-walledcarbon nanotube under its own weight”, Mater Des 

2004;25(6):453–457. 

[30] Xie X, Mai Y, Zhou X. Dispersion and alignment of carbon nanotubes in polymer matrix: a review. Mater Sci Eng: R: Rep 2005;49 

(4):89–112. 

[31] Konsta Gdoutos MS, Aza CA, “Self sensing carbon nanotube (CNT) and nanofiber (CNF) cementitious composites for real time 

damage assessment in smart structures” , CemConcr Compos 2014:162–169. 

[32] Makar J, Margeson J and Luh J,”Carbon nanotube/cement composites-early results and potential applications”, Innovations and 

Structural Implications; 2005, p. 1–10. 

[33] Zhou G, Duan W, “Qualitative and quantitative descriptions on the localized electronic structure in single, walled carbon nanotubes. J 

ChemPhys 2002, 116(5):2284–2288. 

[34] Zhou G, Duan W, “First-principles study on morphology and mechanical properties of single-walled carbon nanotube”, ChemPhysLett 

2001,333 (5):344–349. 

[35] N. Crainic, A.T. Marques,” Nano-composites: a state of the art review”, Key Eng. Mater. 230–232 (2002) 656. 

[36] K.S.a.M.F. Guterrez, “How Nanotechnology can change the Concrete World”,2005. 

[37] T. Ferdiansyah, H.A. Razak, “The properties of nanocarbon tubes cement mortar incorporating mineral additives”, International 

Conference on Advanced Material and Manufacturing Science, ICAMMS 20122014, TransTech Publications, Beijing, 383–387, 2012. 

[38] S. Iijima, “Helical microtubules of graphitic carbon”, Nature (London), 1991. 

[39] S. Iijima, T. Ichihashi, “Single-shell carbon nanotubes of 1-nm diameter”, London, 1993. 

[40] D.S. Bethune, C.H. Kiang and M.S. de Vries, “Cobalt-catalysed growth of carbon nanotubes with single-atomic-layer walls”, London, 

1993. 

[41] A. Thess, R. Lee, P. Nikolaev, H. Dai, “Crystalline ropes of metallic carbon nanotubes”, 1996. 

[42] M.J. Yacaman, M.M. Yoshida and L. Rendon, J.G. Santiesteban, “Catalytic growth of carbon microtubules with fullerene structure”, 

Appl. Phys. Lett.1993. 

[43] S. Ijima, “Helicoidal microtubules of graphitic carbon”, Nature 354 (1991) 56–58. 

[44] V. Patel, “Global carbon nanotubes market, Nanontech Insights”, 2 (2011) 21–35. 

[45] A. Huczko,” Synthesis of aligned carbon nanotubes”, Appl. Phys. A 74 (2002)617–638. 

[46] A. Thess, R. Lee, P. Nikolaev, “Crystalline ropes of metallic carbon nanotubes”, Science 273 (1996) 483–487. 

[47] H.M. Cheng, F, H.Y. Pan, and L.L. He, “Large-scale and low-cost synthesis of single-walled carbon nanotubes by the catalytic 

pyrolysis of hydrocarbons”, Appl. Phys. Lett. 72 (1998) 3282–3284. 

[48] A. Szabó, C. Perri, A. Csató, and G. Giordano, “Synthesis methods of carbon nanotubes and related materials”, Materials 3 (2010) 

3092–3140. 

[49] J. Prasek, J. Drbohlavova, and J. Chomouck, “Methods for carbon nanotubes synthesis-review”, J. Mater. Chem. 21 (2011) 15872–

15884. 

[50] Nazari A, Riahi S, “The effects of TiO2 nanoparticles in flexural damage of self-compacting concrete”. Int J Damage 

Mech2011;20:2049–2072. 

[51] Nazari A, Riahi S, “TiO2 nanoparticle effects on physical, thermal and mechanical properties of self compacting concretewith ground 

granulated blast furnace slag as binder”. Energy Build 2011;43:995–1002. 

[52] Zhang M-H, Li H, “Pore structure and chloride permeability of concrete containing nano-particles for pavement”. ConstrBuild Mater 

2011;25:608–16. 

[53] Oltulu M, Sahun R, “Single and combined effects of nano-SiO2, nano Al2O3 and nano-Fe2O3 powders on compressive strength and 

capillary permeability of cement mortar containing silica fume”. Mater Sci Eng A 2011;528:7012–9. 

[54] Nazari A, Riahi S, “Improvement compressive strength of concrete in different curing media by Al2O3 nanoparticles”. MaterSciEng A 

2011;528:1183–91. 

[55] Shekari AH, Razzaghi MS, Influence of nano particles on durability and mechanical properties of high performance concrete. ProcEng 

2011;14:3036–3041. 

[56] Li H, Xiao H-G and Yuan J, “Microstructure of cement mortar with nano-particles”, Compos Part B – Eng 2004;35:185–189. 

[57] Li H, Xiao H-G, “A study on mechanical and pressure-sensitive properties of cement mortar with nanophase materials”, CemConcr 

Res 2004;34:435–438. 

[58] Senff L, Hotza D and Lucas S, “Effect of nano-SiO2 and nano-TiO2 addition on the rheological behavior and the hardened properties 

of cement mortars”, Mater Sci Eng 2012;532:354–361. 

[59] Chen L, Lin DF, “Applications of sewage sludge ash and nano-SiO2 to manufacture tile and construction material”, Constr Build 

Mater 2009;23:3312–20. 

[60] Jo B-W, Kim C-H, “Characteristics of cement mortar with nano-SiO2 particles”, ACI Mater J 2007; 104:404–407. 

[61] Nazari A and Riahi S, “The effects of SiO2 nanoparticles on physical and mechanical properties of high strength compacting 

concrete”, Compos Part B – Eng 2011;42:570–578. 

[62] van Broekhuizen P, van Broekhuizen F, Cornlissen R and Reijnders L, “ Use of nanomaterials in the European construction industry 

and some occupational health aspects thereof” ,Nanopart Res 2011;13:447–462. 

[63] Raki L, Beaudoin J, Alizadeh R, Makar J and Sato T, “ Cement and concrete nanoscience and nanotechnology”, Materials2010;3:918–

942. 

[64] Walters DA, Ericson LM, Casavant MJ, Liu J, Colbert DT and Smith KA, “Elastic strain of freely suspended single-wall carbon 

nanotube ropes”, ApplPhysLett 1999;74:38035. 

[65] See CH and Harris AT, “A review of carbon nanotube synthesis via fluidized-bed chemical vapor deposition”, IndEngChem Res 

2007;46:997–1012. 

[66] Cwirzen A, Habermehl-Cwirzen K and Penttala V, “Surface decoration of carbon nanotubes and mechanical properties of 

cement/carbon nanotube composites”, Adv Cem Res 2008;20:65–73. 

[67] Makar J and Chan GW, “ Growth of cement hydration products on single-walled carbon nanotubes”, J Am Ceram Soc 2009;92:1303–

1310. 

[68] de Ibarra YS, Gaitero JJ, Erkizia E and Campillo I, “Atomic force microscopy and nano indentation of cement pastes with nanotube 

dispersions”, Phys Status Solidi A 2006;203:1076–1081. 

[69] Yu MF, Lourie O, Dyer MJ, Moloni K, Kelly TF, Runoff RS, “Strength and breaking mechanism of multi-walled carbon nanotubes 

under tensile load”, Science 2000;287(5453):637–640. 

[70] Peng B, Locascio M, Zapol P, Li S, Mielke SL and Schatz GC,  “Measurements of near-ultimate strength for multi walled carbon 

nanotubes and irradiation induced cross linking improvements”, Nat Nanotechnol 2008;3(10):626–631. 

[71] Filleter T, Bernal R, Li S and Espinosa HD, “ Ultrahigh strength and stiffness in crosslinked hierarchical carbon nanotube bundles”, 

Adv Mater 2011;23(25):2855. 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 A.Vijayabhaskar et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i2/170902045 Vol 9 No 2 Apr-May 2017 568



[72] Kolosnjaj J, Szwarc H and Moussa F, “ Toxicity studies of carbon nanotubes”.,Adv ExpMed Biol 2007;620:181–204. 

[73] Porter A, Gass M, Muller K, Skepper JN, Midgley PA and Welland M, “ Direct imagingof single-walled carbon nanotubes in cells” 

Nat Nanotechnol 2007;2(11):713–717. 

[74] Ajayan PM, “ Nanotubes from carbon”, Chem Rev 1999;99:1787–1799. 

[75] Salvetat J-P, Bonard J-M, Thomson NH, Kulik AJ, Forro L and Benoit W, “Mechanical properties of carbon nanotubes”, ApplPhys 

Mater Sci Process 1999;69:255–260. 

[76] Srivastava D, Wei C and Cho K, “ Nanomechanics of carbon nanotubes andcomposites”, ApplMech Rev 2003;56:215–230. 

[77] Chang T-P, Shih J-Y, Yang K-M and Hsiao T-C, “ Material properties of Portland cement paste with nano-mont morillonite”, J Mater 

Sci 2007;42(17):7478–7487. 

[78] Kuo W-Y, Huang J-S and Lin C-H, “ Effects of organo-modified montmorillonite on strengths and permeability of cement mortars. 

CemConcr Res 2006;36(5):886–895. 

AUTHOR PROFILE 

Author1 Mr. A. Vijaya bhaskar: He had Completed B. Tech degree in the Department of civil Engineering 

from SPEC Nellore, and M. Tech in Structural Engineering from VIT Chennai, Pursuing his PhD degree under 

the guidance of Dr M.Shanmugasundaram. He has one international research publications to his credits. He has 

one year experience in Teaching. His doing research in Multi-walled Carbon nanotubes. 

Author2 Dr M.Shanmugasundaram: He had completed his B.E degree in Civil Engineering from RCET 

Madurai, M.E in Structural Engineering, TCE Madurai. He completed his Ph.D on 2014 under the esteemed 

guidance of Dr. K.Sudalaimani, Associate Professor, TCE, Madurai. He has 7 international research 

publications to his credits. He had filed two patents during the year 2015. He has 3 years of industrial experience 

and 8 years of teaching experience. His recent research interests include, sustainable materials and polymer 

concretes. 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 A.Vijayabhaskar et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i2/170902045 Vol 9 No 2 Apr-May 2017 569


