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Abstract: In recent decades, mechanical properties of composite 

materials containing carbon nanoparticles, in particular single-
walled or multi-walled carbon nanotubes (SWCNTs or MWCNTs), 

have been researched, taking into account their excellent physical and 

mechanical characteristics. In this work, the influence of the 

concentration of MWCNTs (0.1, 0.2, 0.3, 0.35 wt.%) on compressive 

and flexural strengths of the cement mortar was investigated. The 
results of the research show that the compressive and flexural strength 

of the 7 and 28 days curing period samples reach their maximum 

value at 0.3% of nanotube concentration. In comparison to the control 
sample the compressive strength increased by 10.93%  within 7 and 

by 32.0% within 28 days. And in the case of flexure, the strength of 

the test samples increased by 33.67% within 7 and by 36.50% within 
28 days. It can be concluded that in the case of the selected carbon 

nanotubes and the material composition at 0.3% of MWCNTs, the 
compressive and flexural strength reaches its maximum value. 
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Introduction 

In recent decades, the mechanical properties of composite materials containing carbon nanoparticles, in 

particular single-walled or multi-walled carbon nanotubes (SWCNTs or MWCNTs), have been researched, 

taking into account their excellent physical and mechanical characteristics [1,2,3]. 

Carbon nanotubes (CNTs) are cylindrical fibrous nanomaterials with a diameter from 0.4-3 nm to  

1.4-100 nm (depending on the wall layers quantity) and a very high aspect ratio (100-1000). Depending on the 

number of wall layers, nanotubes can be SWCNTs and MWCNTs. They have high tensile strength  

(50-200 GPa) and high Young's modulus (1 TPa), which significantly increases the strength, rigidity and crack 

resistance of the composite material [1]. They have excellent electrical conductivity, due to which the 

composite gets self-sensing property [4]. 

CNTs are able to improve cement materials properties because of their excellent mechanical characteristics 

[3,7]. Many researches have indicated that CNTs are able to increase the mechanical properties [8,9] and 

durability [10-13] of cement materials. CNTs effectively improve both stiffness [14] and crack resistance of 

cement-based materials [3,15]. Usually, the quantity of CNTs used by researchers in the cement materials is 

0.01 – 0.5 wt.% [16,17], suggesting an increase in strength of 15% - 50% [3,7,8]. 

At the same time, depending on the CNTs’ properties and type of material composition (physical, chemical 

properties of sand and cement, ratios of w/c and s/c) the optimal amount of CNTs for the cement composite 

changes. In this work, the influence of the concentration of MWCNTs (0.1, 0.2, 0.3, 0.35 wt.%) on the cement 

mortar’s compressive and flexural strengths were investigated․ 

The aim of this work is to determine the optimal amount of MWCNTs for the compressive and flexural 

strength of  the cement mortar, depending on the selected material composition and type of MWCNTs used in 

this study, as well as to increase and develop the physical and mechanical properties of cement mortar of the 

same composition.  
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Materials and Methods 

Materials   

In this work, Portland cement 52.5 (GOST 31108-2020, available in Hrazdancement Factory) was used as 

a binder in the composite. Tables 1 and 2 show the physical and mechanical characteristics of selected Portland 

cement and sand, respectively. 

In Fig. 1 MWCNTs were obtained from Zhengzhou University of China, which were synthesized using a 

chemical vapor deposition method (CVD)1. The necessary physical and mechanical properties of nanotubes 

are shown in Table 3. 

 

 

 

 

 

 

 

 

 
Fig. 1. (a) Transmission Electron Microscopy (TEM),  

(b) Scanning Electron Microscopy (SEM), × 50.000 of MWCNTs 
 

Table 1. Physical properties and chemical composition of the cement  

 

 

 

 

 

 

 

 

 

 

Table 2. Physical characteristics and chemical composition of the sand 

Fineness 

modulus 

Specific 

gravity 

Bulk density in Loose 

state (kg/m3) 

Bulk density in Compact 

state (kg/m3) 

3.4 2.45 1700 1925 

 
1 Technical data, TNM5. Chengdu Zhongke Times Nano  Energy Tech Co., Ltd., 1-5. 
 

Physical properties of cement 

Properties Results 

Norm consistency (%) 27 

Specific gravity (g/sm3) 3.1 

Blain’s fineness (m2/kg) 328.3 

Compressive strength (MPa) 

3 days 20 

7 days 36 

28 days 52 

Setting time (min) 
Initial 45 

Final 315 

Chemical composition of cement (wt.%) 

SiO2 Al2O3 Fe2O3 MgO CaO SO3 
Loss of 

ignition 

Insol. 

Resid. 

Free 

CaO 

21.6 4.5 2.2 1.1 61.9 2.1 3.2 1.9 1.5 

(a) (b) 
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Table 3. Physical properties of MWCNT 

Outer Diameter Length Purity 

20 – 30 nm 20 – 30 μm > 98 wt.% 

Dispersion of MWCNTs 

According to the literature reviewed, there are many methods for dispersing multi-walled carbon nanotubes. 

In this paper, MWCNTs  and  water in the needed concentration and amount were continuously mixed with 

each other to ensure proper mixing by ultrasonic dispersion. The sonication process was carried out using an 

ultrasonic device UP400S at room temperature. The sonication time was considered 30 minutes. The dispersion 

method was carried out at all concentrations (0.1, 0.2, 0.3, 0.35  wt.%) selected in this study. 

Mixing and Sample Preparation  

The w/c ratio and c/s ratio used in this work were 0.47 and 0.25, respectively. Portland cement and sand 

were mixed by E095 Mortar mixer for 2 min, then the nanotubes/water mixture was added and blended for  

5 min. The sample molds were chosen with dimensions of 4 cm × 4 cm × 16 cm. The composite was vibrated 

using a vibrating table C278 for 30 s. The process of mortar mixing and preparing without nanotubes occurred 

in the same way. After 24 հ, the specimens were de-molded and were submerged in water at 20.0 ± 0.2°C 

temperature (Fig.2)․ 

 

Fig. 2. Diagram of experimental procedure 
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Experiment 

Compressive and flexural strength testing 

Three specimens were randomly selected from each batch to test their average compressive and flexural 

strength. 

Compressive tests were carried out on an automatic pressure machine (C089) (Matest, Treviolo, Italy) with 

a loading rate of 0.5 kN/s at the age of 7 days and 28 days, according to the standard EN 196-1, and specimen 

sizes were 4 cm × 4 cm. 

The flexural strength of 4 cm × 4 cm × 16 cm samples were tested by Unitronic Compression/Tensile  

50 kN testing machine within its maximum by standard test method. The experiment was based on a  

three-point bending test of the poured prism. Specimens aged 7 and 28 days were subjected to three-point 

bending at a loading rate of 0.05 kN/s.  

Results and Discussion 

Figs. 3,4 show the compressive and flexural strength of the composite samples with different wt.% of 

nanotubes for 7 and 28 days, respectively. C0 - C4 correspond to 0%, 0.1%, 0.2%, 0.3% and 0.35% of 

MWCNTs by weight of cement, respectively. 

Fig. 3. Compressive strength of cement specimens with different wt.% of MWCNTs. 

(a) for 7 days, (b) for 28 days 
 

 

Fig. 4. Flexural strength of cement specimens with different wt.% of MWCNTs. 
(a)  for 7 days, (b) for 28 days 
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The results indicate that the compressive strength of the cement specimens aged 7 and 28 days obtains its 

maximum value at 0.3% of nanotubes. It is clear from the figures that the strength of the test samples increased 

by 10.93% within 7 days and by 32.0% within 28 days.  

In the flexural case, maximum strength of the 7 and 28 days curing period  specimens was reached at  

0.3% of MWCNTs. In particular, the strength of the test samples increased by 33.67% within 7 days and by 

36.50% within 28 days. 

From the Figs. 3,4 it can be concluded that in the case of the selected carbon nanotubes and material 

composition at 0.3% of MWCNTs, the compressive and flexural strength reaches its maximum value. 

On the other hand, in the case of 0.35 wt.% both compressive and flexural strength decreases. The reason 

is the low-efficiency dispersion of the nanotubes in the water, which will decrease the hydration degree. From 

the results it can be visible that the compressive strength grows with grօwing curing period, which can be 

explained by increasing hydration with time [2]. 

The increase of flexural strength is explained by increasing of crack resistance, due to the fact, that the 

CNTs bridge the cracks at the mid-span of specimens by moving the tensile stresses across the cracks and 

preventing the cracks from growing [1,18].    

Conclusion 

In this work, the influence of the concentration (0.1, 0.2, 0.3 and 0.35 wt.%) of multi-waled carbon 

nanotubes (MWCNTs) on the compressive and flexural strength of the mortar was researched. The results of 

the research indicate that the compressive and flexural strength of composite samples at 7 and 28 days reaches  

its maximum value at 0.3% concentration of nanotubes. Compressive strength increased by 10.93% within  

7 and by 32.0% within 28 days. And in the case of flexion, the strength of the specimens increased by 33.67% 

within 7 and by 36.50% within 28 days. 

It can be concluded that in the case of the selected carbon nanotubes and material composition at 0.3% of 

MWCNTs,  the compressive and flexural strength reaches  its maximum value. 

Acknowledgments 

The work was supported by the Science Committee of RA, in the frames of the research project 

№ 23-2DP-2F012. 

References 

[1]. L.Y. Chan, B. Andrawes, Finite Element Analysis of Carbon Nanotube/Cement Composite with 

Degraded Bond Strength. Computational Materials Science, 47 (4), 994-1004. 

Doi: https://doi.org/10.1016/j.commatsci.2009.11.035 

[2]. N.G. Muradyan, H. Gyulasaryan, A.A. Arzumanyan, M.M. Badalyan, M.A. Kalantaryan,  

Y.V. Vardanyan, D. Laroze, A. Manukyan, M.G. Barseghyan, The Effect of Multi-Walled Carbon 

Nanotubes on the Compressive Strength of Cement Mortars. Coatings, 12 (12), 2022.  

Doi: https://doi.org/10.3390/coatings12121933 

[3]. S. Hu, Y. Xu, J. Wang, P. Zhang, J. Guo. Modification Effects of Carbon Nanotube Dispersion on the 

Mechanical Properties, Pore Structure, and Microstructure of Cement Mortar. Materials, 13 (5), 2020, 

1101. Doi: https://doi.org/10.3390/ma13051101 

[4]. J.  Suchorzewski, M. Prieto, U. Mueller, An Experimental Study of Self-Sensing Concrete Enhanced 

with Multi-Wall Carbon Nanotubes in Wedge Splitting Test and DIC. Construction and Building 

Materials, 262, 2020, 120871. Doi: https://doi.org/10.1016/j.conbuildmat.2020.120871 

[5]. A. Parvez,  S. Foster, Fatigue of Steel-Fibre-Reinforced Concrete Prestressed Railway Sleepers. 

Engineering Structures, 141 (16), 2017, 241-250. Doi: https://doi.org/10.1016/j.engstruct.2017.03.025 

[6]. L. Nguyen-Minh, P. Phan-Vu, D. Tran, Q.PT. Truong, T. Pham, C. Ngo-Huu, M. Rovnak, Flexural-

Strengthening Efficiency of CFRP Sheets for Unbonded Post-Tensioned Concrete T-Beams. 

Engineering Structures, 166, 2018, 1–15. Doi: https://doi.org/10.1016/j.engstruct.2018.03.065 

 

https://doi.org/10.1016/j.engstruct.2018.03.065


Journal of Architectural and Engineering Research 2023-5 E-ISSN 2738-2656 

52 
 

[7]. B. Han, X. Yu, J. Ou, Multifunctional and Smart Carbon Nanotube Reinforced Cement-Based 

Materials, in: K. Gopalakrishnan, B. Birgisson, P. Taylor, N.O. Attoh-Okine (eds.), Nanotechnology 

in Civil Infrastructure: A Paradigm Shift. Springer, 1, 2011, 1-47.  

Doi: https://doi.org/10.1007/978-3-642-16657-0_1 

[8]. K. Habermehl-Cwirzen, V. Penttala, A. Cwirzen, Surface Decoration of Carbon Nanotubes and 

Mechanical Properties of Cement/Carbon Nanotube Composites.  Advances in Cement Research,  

20 (2), 2008, 65-73. Doi: https://doi.org/10.1680/adcr.2008.20.2.65 

[9]. M.S. Morsy, S.H. Alsayed, M. Aqel, Hybrid Effect of Carbon Nanotube and Nano-Clay on Physico-

Mechanical Properties of Cement Mortar. Construction and Building Materials, 25 (1), 2011,  

45-149. Doi: https://doi.org/10.1016/j.conbuildmat.2010.06.046  

[10]. M.D.C. Camacho, O. Galao, F.J. Baeza,  E.Zornoza, P.Garcés, Mechanical Properties and Durability 

of CNT Cement Composites. Materials, 7 (3), 2014, 1640-1651.  

Doi: https://doi.org/10.3390/ma7031640 

[11]. B.M Wang, S. Liu, Y. Han, P.Leng, Preparation and Durability of Cement-Based Composites Doped 

with Multi-Walled Carbon Nanotubes. Nanoscience and Nanotechnology Letters, 7 (5), 2015,  

411-416. Doi: https://doi.org/10.1166/nnl.2015.1979 

[12]. M.M. Sarvandani, M. Mahdikhani, H. Aghabarati, M. H. Fatmehsari, Effect of Functionalized  

Multi-Walled Carbon Nanotubes on Mechanical Properties and Durability of Cement Mortars.  

Journal of Building Engineering, 41, 2021, 102407. Doi: https://doi.org/10.1016/j.jobe.2021.102407 

[13]. L. Weiwen, J. Wei-Ming, W. Yao-Cheng, L. Yi, S. Ruo-Xu, X. Feng, Xing, Investigation on the 

Mechanical Properties of a Cement-Based Material Containing Carbon Nanotube under Drying and 

Freeze-Thaw Conditions. Materials, 8 (12), 2015, 8780–8792.  

Doi: https://doi.org/10.3390/ma8125491 

[14]. Q. Li, S. Xu, Y. Lü, J. Ke, Y. Wu, Improvement of the Initial Fracture Toughness of Fiber Mortar by 

Carbon Nanotubes. Journal of Building Materials, 20 (2), 186-190.  

Doi: https://doi.org/10.3969/j.issn.1007-9629.2017.02.005 

[15]. Y. Liu, T. Shi, Y. Zhao, Y. Gu, Z. Zhao, J. Chen, B. Zheng, S. Shi, Autogenous Shrinkage and Crack 

Resistance of Carbon Nanotubes Reinforced Cement-Based Materials. International Journal of 

Concrete Structures and Materials, 14 (1), 2020. Doi: https://doi.org/10.1186/s40069-020-00421-0 

[16]. X. Shilang, L. Jintao, L. Qinghua, Mechanical Properties and Microstructure of  Multi-Walled Carbon 

Nanotube-Reinforced Cement Paste. Construction and Building Materials, 76, 2015, 16–23.  

Doi: https://doi.org/10.1016/j.conbuildmat.2014.11.049 

[17]. J. Zuo, Y. Wu, K. Wu, Seebeck Effect and Mechanical Properties of Carbon Nanotube-Carbon 

Fiber/Cement Nanocomposites. Fullerenes, Nanotubes and Carbon Nanostructures, 23 (5), 2015,  

383-391. Doi: https://doi.org/10.1080/1536383X.2013.863760 

[18]. B. Simsek, Multi-Walled Carbon Nanotubes with Different Features Reinforced Cement Pastes:  

A Compressive and Systematic Approach Using Principal Component Analysis. Journal of Building 

Engineering, 32, 2020, 101792. Doi: https://doi.org/10.1016/j.jobe.2020.101792 

 

Suren Malumyan, junior researcher (Engineering) (RA,Yerevan) - National University of Architecture and 

Construction of Armenia,  Postgraduate student at the Chair of Production of Construction Materials, Items 

and Structures, surmalumyan@gmail.com 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.jobe.2021.102407
https://doi.org/10.1080/1536383X.2013.863760
https://nuaca.am/archives/chair/chair-of-production-technology-of-construction-materials-items-and-structures?lang=en
https://nuaca.am/archives/chair/chair-of-production-technology-of-construction-materials-items-and-structures?lang=en
mailto:surmalumyan@gmail.com

