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The objective of this research is to develop a theory of elastic stability of thin multilayer
plates. The theory is based on general equations of three-dimensional theory of elastic
stability by means of introducing the asymptotic expansion over a small parameter,
which represents a thickness to length of plate ratio, without any hypothesis about dis-
placements and stress distributions. Within the research, we stated local problems of sta-
bility, as well as the averaged equations of plate equilibrium for the ground states and
the varied states of the plate. Consequently, we obtained the analytical solution of the lo-
cal problems, which helped deduce relations for all six components of the stress tensor,
including throw-thickness normal stresses and shear stresses for the ground and varied
states. Moreover, we found that the averaged equations of plates’ stability differ from the
classic equations of Kirchoff—Love and Timoshenko's plate theory of stability. It is de-
termined that for orthotropic plates the constitutive relations simplify and become similar
to classical relations of thin plates. However, the membrane and flexural stiffness of
plates depends on stresses of the ground state. The study is illustrated with an example of
calculating a thin orthotropic plate under uniaxial compression. As a result, we obtained
an expression for the critical buckling force, which differs from the classical Euler for-
mula in expression for flexural stiffness, which depends on the parameters of the ground
state of the plate. The findings of the research show that the difference of the critical
force values is the most significant for the plates with strong anisotropic layers.

Keywords: theory of plates’ stability, three-dimensional stability theory, thin multi-layer
plates, orthotropic plates, asymptotic expansion.

REFERENCE

[1] Timoshenko S.P., Gere J.M. Theory of elastic stability. 2nd ed. New
York/Toronto/London, McGraw-Hill, 1961, 356 p. (In Russ.: Timoshenko S.P.
Ustoychivost sterzhney, plastin i obolochek. Izbrannye raboty [Stability of
rods, plates and shells. Selected works]. Moscow, Nauka Publ., 1971, 808 p.).

[2] Alfutov N.A. Osnovy rascheta na ustoychivost uprugikh system [Basis of
calculation for stability of elastic systems]. Moscow, Mashinostroenie Publ.,
1978, 312 p.

[3] Volmir A.S. Ustoychivost deformiruemykh system [Stability of deformable
systems]. Moscow, Nauka Publ., 1967, 964 p.

[4] Vasilev V.V. Mekhanika konstruktsiy iz kompozitsionnykh materialov [Mechanics
of composite materials]. Moscow, Mashinostroenie Publ., 1988, 264 p.

[5] Alfutov N.A., Zinoviev P.A., Popov B.G. Raschet mnogosloynykh plastin i
obolochek iz kompozitsionnyh materialov [Calculation of multilayer composite
plates and shells]. Moscow, Mashiostroenie Publ., 1980, 324 p.

[6] Sukhinin S.N. Prikladnye zadachi ustoychivosti mnogosloynykh kompozitnykh
obolochek [Applied problems of stability of multilayer composite shells].
Moscow, Fizmatlit Publ., 2010, 240 p.

[7] Paczos P., Zielnica J. Stability of orthotropic elastic-plastic open conical
shells. Thin-Walled Structures, 2008, vol. 46, no. 5, pp. 530-540.




(9]

[10]

[11]

[12]

[13]

[14]

[18]

Zihni Zerin The effect of non-homogeneity on the stability of laminated
orthotropic conical shells subjected to hydrostatic pressure. Structural
Engineering and Mechanics. An International Journal, 2012, vol. 43, no.1,
pp- 89—103. doi: http://dx.doi.org/10.12989/sem.2012.43.1.089

Dimitrienko Yu.l. Vestnik MGTU im. N.E. Baumana. Ser. Estestvennye nauki —
Herald of Bauman Moscow State Technical University. Ser. Natural Sciences,
2013, no. 4 (51), pp. 79-95.

Dimitrienko Yu.l. Vestnik MGTU im. N.E. Baumana. Ser. Estestvennye nauki —
Herald of Bauman Moscow State Technical University. Ser. Natural Sciences,
2014, no. 1, pp. 17-26.

Dimitrienko Yu.l. Vestnik MGTU im. N.E. Baumana. Ser. Estestvennye nauki —
Herald of Bauman Moscow State Technical University. Ser. Natural Sciences,
2014, no. 2, pp. 77-89.

Dimitrienko Yu.l. Vestnik MGTU im. N.E. Baumana. Ser. Estestvennye nauki —
Herald of Bauman Moscow State Technical University. Ser. Natural Sciences,
2012, no. 3, pp. 86—100.

Dimitrienko Yu.l., Yakovlev D.O. Inzhenernyy zhurnal: nauka i innovatsii —
Engineering Journal: Science and Innovation, 2013, iss. 12. Available at:
http://engjournal.ru/catalog/mathmodel/technic/899.html.

Dimitrienko Yu.l., Gubareva E.A., Sborschikov S.V. Matematicheskoe
modelirovanie i chislennye metody - Mathematical Modeling and Computational
Methods, 2014, no. 1, pp. 36-57.

Dimitrienko Yu.l., Yakovlev D.O. Mekhanika kompozitsionnykh materialov i
konstruktsiy — Composite Mechanics and Design, 2014, vol. 20, no. 2,
pp- 260-282.

DimitrienkoYu.l., Gubareva E.A., Fedonyuk N.N., Yakovlev D.O. [zvestiya
VUZov. Mashinostroenie — Proceedings of Higher Educational Institutions.
Machine Building, 2014, no. 11, pp. 23-34.

Dimitrienko Yu.l., Gubareva E.A., Fedonyuk N.N., Sborschikov S.V.
Inzhenernyy zhurnal: nauka i innovatsii — Engineering Journal: Science and
Innovation, 2014, no. 4 (28). Available at: http://engjournal.ru/catalog/
mathmodel/material/1234.html.

Dimitrienko Yu.l., Gubareva E.A., Yakovlev D.O. Nauka i obrazzovanie.
Elektronnoe nauchno-tekhnicheskoe izdanie —  Science and Education.
Electronic  Scientific and Technical Journal, 2014, no. 10. doi:
10.7463/1014.0730105

Dimitrienko Yu.l. Mekhanika sploshnoy sredy. Tom 4. Osnovy mekhaniki
tverdogo tela [Continuum mechanics. Vol. 4. Fundamentals of solid
mechanics]. Moscow, BMSTU Publ., 2013, 624 p.

Dimitrienko Yu.l. Mekhanika sploshnoy sredy. Tom 1. Tenzornyy analiz
[Continuum Mechanics. Vol. 1. Tensor Analysis]. Moscow, BMSTU Publ.,
2013, 367 p.

Dimitrienko Yu.l. (b. 1962) graduated from Lomonosov Moscow State University in
1984. Dr. Sci. (Phys.&Math.), Professor, Head of the Computational Mathematics and
Mathematical Physics Department, Director of Scientific-educational Center of Super-
computer Engineering Modeling and Program Software Development of Bauman Mos-
cow State Technical University. Member of the Russian Academy of Engineering Sci-
ence. Author of over 300 publications in the field of computational mechanics,
gasdynamics, thermomechanics of composite materials, mathematical simulations in ma-
terial science. e-mail: dimit.bmtstu@gmail.com





 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut right edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     802
     560
     None
     Down
     28.3465
     0.0000
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Right
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     26
     25
     26
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut left edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     802
     560
     None
     Down
     28.3465
     0.0000
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Left
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     26
     25
     26
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut bottom edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     802
     560
     None
     Down
     28.3465
     0.0000
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Bottom
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     26
     25
     26
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut top edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     802
     560
    
     None
     Down
     28.3465
     0.0000
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Top
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     26
     25
     26
      

   1
  

 HistoryList_V1
 qi2base



