
IOP Conference Series: Materials Science and Engineering 2017 vol.208 N1

Mathematical Simulation of the Problem of the Pre-
Critical Sandwich Plate Bending in Geometrically
Nonlinear One Dimensional Formulation
Badriev I., Banderov V., Makarov M.
Kazan Federal University, 420008, Kremlevskaya 18, Kazan, Russia

Abstract

© Published under licence by IOP Publishing Ltd. In this paper we consider the geometrically
nonlinear problem of determining the equilibrium position of a sandwich plate consisting of two
external carrier layers and located between transversely soft core, connected with carrier layer
by means of adhesive joint. We investigate the generalized statement of the problem. For its
numerical  implementation  we  offer  a  two-layer  iterative  process  and  investigate  the
convergence  of  the  method.  Numerical  experiments  are  carried  out  for  the  model  problem.

http://dx.doi.org/10.1088/1757-899X/208/1/012002

References

[1] Berezhnoi  D V and Paimushin V N 2011 Two formulations of  elastoplastic  problems and the theoretical
determination of the location of neck formation in samples under tension Journal of Applied Mathematics and
Mechanics 75 447-62

[2] Akishev N I, Zakirov I I, Paimushin V N and Shishov M A 2011 Theoretical-experimental method for determining
the averaged elastic and strength characteristics of a honeycomb core of sandwich designs Mechanics of
Composite Materials 47 377-386

[3] Abdrakhmanova A I and Sultanov L U 2016 Numerical modelling of deformation of hyperelastic incompressible
solids Materials Physics and Mechanics 26 30-2

[4] Rahmani O and Lashkari  M J  2015 Bending analysis of  sandwich plates with composite face sheets and
compliance functionally graded syntactic foam core Journal of Mechanical Engineering Science 1 1-24

[5] Paimushin V N 2008 Static and dynamic beam forms of the loss of stability of a long orthotropic cylindrical shell
under external pressure Journal of Applied Mathematics and Mechanics 72 738-47

[6] Liang  Y  and  Izzuddin  B  A  2016  Large  displacement  analysis  of  sandwich  plates  and  shells  with
symmetric/asymmetric lamination Computers & Structures 1 11-32

[7] Badriev I B, Makarov M V and Paimushin V N 2015 Solvability of physically and geometrically nonlinear problem
of the theory of sandwich plates with transversally-soft core Russian Mathematics 59 57-60

[8] Badriev I B, Garipova G Z, Makarov M V and Paimushin V N 2015 Numerical Solution of the Issue about
Geometrically Nonlinear Behavior of Sandwich Plate with Transversal Soft Filler Research Journal of Applied
Sciences 10 428-35

[9] Badriev I B, Garipova G Z, Makarov M V, Paimushin V N and Khabibullin R F 2015 Solving Physically Nonlinear
Equilibrium Problems for Sandwich Plates with a Transversally Soft Core Lobachevskii Journal of Mathematics
36 474-81

[10] Badriev I B, Makarov M V and Paimushin V N 2016 Numerical Investigation of Physically Nonlinear Problem of
Sandwich Plate Bending Procedia Engineering 150 1050-5

[11] Paimushin V N and Polyakova N V 2009 The consistent equations of the theory of plane curvilinear rods for
finite displacements and linearized problems of stability Journal of Applied Mathematics and Mechanics 73 220-
36

http://dx.doi.org/10.1088/1757-899X/208/1/012002


[12] Berezhnoi D V, Sachenkov A A and Sagdatullin M K 2014 Geometrically nonlinear deformation elastoplastic soil
Applied Mathematical Sciences 8 6341-8

[13] Badriev I B, Banderov V V and Zadvornov O A 2013 On the equilibrium problem of a soft network shell in the
presence of several point loads Applied Mechanics and Materials 392 188-90

[14] Abdrakhmanova A I, Gariffulin I R, Davydov R L, Sultanov L U and Fakhrutdinov L R 2015 Investigation of Strain
of Solids for Incompressible Materials Applied Mathematical Sciences 9 5907-14

[15] Davydov R L and Sultanov L U 2015 Numerical Algorithm for Investigating Large Elasto-Plastic Deformations
Journal of Engineering Physics and Thermophysics 88 1280-8

[16] Badriev I B, Makarov M V and Paimushin V N 2016 Mathematical Simulation of Nonlinear Problem of Three-
point Composite Sample Bending Test Procedia Engineering 150 1056-62

[17] Sultanov L U 2016 Analysis of  finite elasto-plastic strains.  Medium kinematics and constitutive equations
Lobachevskii Journal of Mathematics 37 787-93

[18] Berezhnoi D V, Paimushin V N and Shalashilin V I 2010 Studies of quality of geometrically nonlinear elasticity
theory for small strains and arbitrary displacements Mechanics of Solids 44 837-51

[19] Paimushin V N and Bobrov S N 2000 Refined geometric nonlinear theory of sandwich shells with a transversely
soft core of medium thickness for investigation of mixed buckling forms Mechanics of composite materials 36
59-66

[20] Paimushin  V  N  1983  Variational-methods  in  the  non-linear  3-dimensional  problems  of  conjugation  of
deformable-bodies Doklady Akademii Nauk 273 1083-86

[21] Paimushin V N 1987 Nonlinear theory of the central bending of three-layer shells with defects in the form of
sections of bonding failure Soviet Applied Mechanics 23 1038-1043

[22] Paimushin V N 1987 Generalized Reissner variational principle in nonlinear mechanics of three-dimensional
composite solids, with applications to the theory of multilayer shells Mechanics of solids 22 166-174

[23] Adams R A 1975 Sobolev Spaces (New York, San Francisco, London: Academic Press)
[24] Gajewski i  H,  Gröger  K  and  Zachar ias  K  1974  Nicht l ineare  Operatorg le ichungen  und

Operatordi f ferent ia lg le ichungen  (Ber l in :  Akademie-Ver lag)
[25] Ekeland I and Temam R 1976 Convex Analysis and Variational Problems (Amsterdam: North-Holland)
[26] Lions J-L 1969 Quelque problèmes méthodes de résolution des problèmes aux limites nonlinéaires (Paris:

Dunod)
[27] Brézis H 1968 Équations et inéquations non linéaires dans les espaces vectoriels en dualité Annales de l'institut

Fourier 18 115-75
[28] Dubrovin V T, Chebakova V Ju and Zheltukhin V S 2016 Radio-Frequency Discharge at Low Pressure: a Non-

Local Problem Statement Approach Procedia Engineering 150 1041-5
[29] Badriev I B 2013 On the Solving of Variational Inequalities of Stationary Problems of Two-Phase Flow in Porous

Media Applied Mechanics and Materials 392 183-7
[30] Badriev I B and Karchevskii M M 1989 Convergence of the iterative Uzawa method for the solution of the

stationary problem of seepage theory with a limit gradient Journal of Soviet Mathematics 45 1302-9
[31] Badriev I B and Nechaeva L A 2013 Mathematical simulation of steady filtration with multivalued law PNRPU

Mechanics Bulletin 37-65
[32] Badriev I  B 1989 Application of  duality  methods to the analysis  of  stationary seepage problems with a

discontinuous seepage law Journal of Soviet Mathematics 45 1310-4
[33] Chebakova V J,  Gerasimov A V  and Kirpichnikov A  P  2016 On the solving of  one type of  problems of

mathematical physics IOP Conference Series: Materials Science and Engineering 158 012023
[34] Badriev I  B,  Zadvornov O A and Saddek A M 2001 Convergence Analysis of Iterative Methods for Some

Variational Inequalities with Pseudomonotone Operators Differential Equations 37 934-942
[35] Badriev I B, Zadvornov O A, Ismagilov L N and Skvortsov E V 2009 Solution of plane seepage problems for a

multivalued seepage law when there is a point source Journal of Applied Mathematics and Mechanics 73 434-
42


