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Abstract — Object-oriented models have been developed for 

the wide class of three-dimensional nanocomposites that 

adequately reflect the elastic structures properties and are 

applicable for efficient numerical modeling. Closed equations 

systems have been obtained with the provision of boundary-

integral and variational formulations of three-dimensional static 

problems on the behavior of elastic materials with 

inhomogeneities of nanoscale. The obtained models allow to 

effectively predict the three-dimensional matrix nanocomposites 

mechanical properties for the full class of structure parameters. 

To characterize the effects at the nanoscale, both the Gurtin-

Murdoch and classical model have been adopted, which includes 

the surface tension and surface stiffness. 

 

Keywords — nanocomposites; representative three-dimensional 

elements; spherical inclusions; finite element method; boundary 

element method 

I.  INTRODUCTION  

Nanocomposites are widely used in practice as responsible 
internal and covering elements of engineering structures and 
systems. Their contribution to significant strengthening and 
maintaining the lightness and reliability of objects is crucial 
for treatment. Therefore, it is important to develop new 
effective methods for treating the nanomaterials properties in 
all their diversity due to the dispersion of material 
components, the distribution of nanoparticles, the shape and 
order of nanoinclusions and nanofibers. 

Computer modeling and computational experiment are 
powerful measures for such research by providing uniform 
parameterization of the nanocomposites behavior in the wide 
range of their material, geometric and surface features. 
Furthermore, numerical simulation could in many cases 
significantly optimize the physical experiment based on 
information from numerical analysis with the volume 
decreasing, cost and time of experimental research. 

The accuracy of the results of numerical calculations has 
been based on the correct choice of models or theories that 
would adequately describe nanoscale structures. If the analysis 
focuses on interatomic interactions or chemical reactions in 
nanomaterials, then it has been started from models of 
quantum mechanics or molecular dynamics. 

However, if the purpose of the analysis is to study the 
impact of global mechanical interactions, in particular on 
deformability, static and dynamic load transfer mechanisms or 
effective stiffness parameters, then the approaches of 
continuous mechanics could be endowed with greater 
productivity. The implementation of combined models of 
continuum mechanics and molecular dynamics could be also 
perspective for interlevel analysis. Improvement of these 
models should be achieved taking into account the physical 
and spatial-surface specificity of the constituent 
nanocomposites. 

The boundary element method (BEM) is one of the most 
common numerical methods used in various engineering 
fields. BEM is usually applied to boundary value problems, 
formulated in the form of differential equations with partial 
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of conducting the field experiment based on the leading data 
from numerical analysis. 

The gained models form the informative basis for 
synthesizing nanomaterial technologies with advanced 
deformation and strength characteristics, in particular with the 
pronounced anisotropy of elastic properties. 

ACKNOWLEDGMENT  

The research is partially supported by the “Program for the 
State Priority Scientific Research and Technological 
(Experimental) Development of the Department of Physical 
and Technical Problems of Energy of the National Academy 
of Sciences of Ukraine” (#6541230).  

 

REFERENCES 

[1] E. Strelnikova, D. Kriutchenko, V. Gnitko, K. Degtyarev, “Boundary 
element method in nonlinear sloshing analysis for shells of revolution 
under longitudinal excitations,” Engineering Analysis with Boundary 
Elements, 111, 2020, pp. 78–87.  

[2] V.V. Mykhas’kiv, B.M. Stasyuk, “Effective elastic properties of 3D 
composites with short curvilinear fibers: numerical simulation and 
experimental validation,” Solid State Phenomena, 258, 2017, pp. 452–
455. 

[3] V. Gnitko, K. Degtyariov, A. Karaiev, E. Strelnikova, “Multi-domain 
boundary element method for axisymmetric problems in potential 
theory and linear isotropic elasticity,” WIT Transactions on 
Engineering Sciences, 122, WIT Press, 2019, pp.13–25.  

[4] V.I. Kushch, “Stress field and effective elastic moduli of periodic 
spheroidal particle composite with Gurtin-Murdoch interface,” 
International Journal of Engineering Science, Vol. 132, 2018, pp. 79–
96.  

[5] L. Nazarenko, H. Stolarski, H. Altenbach, “Effective properties of 
short-fiber composites with Gurtin-Murdoch model of interphase,” 
International Journal of Solids and Structures. N 97-98, 2016, pp. 75–
88. 

[6] W. Wang, W. Zeng, J. Ding, “Finite element modeling of two-
dimensional nanoscale structures with surface effects,” World Acad. 
Sci. Eng. Technol, Vol. 46, 2010, pp. 12–20. 

[7] M.E. Gurtin, A.I. Murdoch, “A continuum theory of elastic material 
surfaces,” Archive of Rational Mechanics Analysis, 57, 1975, pp. 291–
323. 

[8] J. Wang, Z. Huang, H. Duan, “Surface stress effect in mechanics of 
nanostructured materials,” Acta Mechanica Solida Sinica.. Vol. 24. 
2011, pp. 52–82. 

[9] C.Y. Dong, G.L. Zhang, “Boundary element analysis of three-

dimensional nanoscale inhomogeneities,” International Journal of 
Solids and Structures. Vol. 50. 2013, pp. 201–208. 

[10] V.I. Kushch, “Elastic fields and effective stiffness tensor of spheroidal 
particle composite with imperfect interface” Mechanics of Materials, 
Vol. 124, 2018, pp. 45–54. 

[11] V.I Kushch, “Micromechanics of Composites: Multipole Expansion 
Approach”, Elsevier, 2013, 208 p. 

[12] M-T. Le, S-C. Huang, “Modeling and Estimating the Effective Elastic 
Properties of Carbon Nanotube Reinforced Composites by Finite 
Element Method,” J. Eng. Technol. Educ. 11 (2), 2014, pp. 145–158.  

[13] Adib A. Bakr, “The Boundary Integral Equation Method in 
Axisymmetric Stress Analysis Problems,” Springler – Verlag Berlin 
Heidelberg New York Tokyo, 1986. 213p. 

[14] E. Strelnikova, N. Choudhary, D. Kriutchenko, V. Gnitko, A. 
Tonkonozhenko, “Liquid vibrations in circular cylindrical tanks with 
and without baffles under horizontal and vertical excitations,” 
Engineering Analysis with Boundary Elements. 120, 2020, pp. 13–27. 

[15] A. Karaiev, E. Strelnikova, “Axisymmetric polyharmonic spline 
approximation in the dual reciprocity method,” Z Angew Math Mech, 
Vol. 101, Is. 4., 2021. 

[16] J. Balas, J. Sladek, V. Sladek, Stress analysis by boundary elements. 
Studies in Applied Mechanics, Elsevier, 1989. 

[17] R.E. Miller, V.B. Shenoy, “Size-dependent elastic properties of 
nanosized structural elements,” Nanotechnology, 11, 2000, pp. 139–
147.  

[18] W. Gao, S.W. Yu, G.Y. Huang, “Finite element characterization of the 
size dependent mechanical behavior in nanosystems”, Nanotechnology, 
17, 2006, pp. 1118–1122. 

[19] M. Surianinov, V. Andronov, Y. Otrosh, T. Makovkina, S. Vasiukov, 
“Concrete and fiber concrete impact strength”, Materials Science 
Forum. 1006 MSF, 2020, pp. 101–106. 

[20] H.H. Tulskyi, L.V. Liashok, H.S. Shevchenko, A.V. Vasilchenko, 
O.A., “Stelmakh. Synthesis of functional nanocomposites based on 
aluminum oxides”, Functional Materials, 26(4), 2019, pp. 718–722. 

[21] A. Kovalov, Y. Otrosh, E. Rybka, T. Kovalevska, V. Togobytska, I. 
Rolin, “Treatment of Determination Method for Strength 
Characteristics of Reinforcing Steel by Using Thread Cutting Method 
after Temperature Influence,” In Materials Science Forum. Trans Tech 
Publications Ltd. Volume 1006, 2020, pp. 179–184. 

[22] N. Smetankina, A. Merkulova, D. Merkulov, O. Postnyi. Dynamic 
Response of Laminate Composite Shells with Complex Shape under 
Low-Velocity Impact. Integrated Computer Technologies in 
Mechanical Engineering-2020. Springer: Cham. Vol. 188, 2021, pp. 
267–276. 

[23] O.Sierikova, Koloskov V., Degtyarev K., Strelnikova O. The 
Deformable and Strength Characteristics of Nanocomposites 
Improving. Materials Science Forum. Trans Tech Publications Ltd, 
Switzerland. Vol. 1038, 2021, pp. 144–153. 

 

 


	000_1_Title_1_1
	000_2_Copyrights_2_2
	000_5_Contents_6_11
	067_58_351_356



