IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS

Nonlinear integro-differential equations of bending of physically nonlinear
viscoelastic plates

To cite this article: Ravshan Indiaminov et al 2020 IOP Conf. Ser.: Mater. Sci. Eng. 869 052048

View the article online for updates and enhancements.

This content was downloaded from IP address 213.230.109.7 on 10/07/2020 at 07:49


https://doi.org/10.1088/1757-899X/869/5/052048

FORM-2020 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 869 (2020) 052048 doi:10.1088/1757-899X/869/5/052048

Nonlinear integro-differential equations of bending of
physically nonlinear viscoelastic plates

Ravshan Indiaminov?, Ruslan Butaev®, Nurbek Isayev’, Kubaymurat Ismayilov’,
Bakhtiyor Yuldoshev' and Akhrorbek Numonov*

Tashkent Institute of Irrigation and Agricultural Mechanization Engineers, 39 Kori
Niyoziy str., Tashkent 100000, Uzbekistan.

2Samarkand branch of Tashkent University of Information Technologies, 47 A,
Shohrux Mirzo str., Samarkand, 100140, Uzbekistan.

%Jizzakh state pedagogical Institute, 4 Sharaf Rashidov str., Jizzakh, 130100,
Uzbekistan.

“Samarkand State Architectural and Civil Engineering Institution, 70 Lolazor str.,
Samarkand, 140140, Uzbekistan.

E-mail: r_indiaminov@mail.ru, baxtiyor_yuldashev68@mail.ru

Abstract. An important feature of real materials is the nonlinear nature of the relationship
between stress and strain. Taking into account such features of deformation of structural
materials in the calculation allows us to bring theoretical forecasts closer to their real behavior.
Physical nonlinearity is due to the calculation in the calculation of the nonlinear dependence
between the components of the generalized stresses and strains characterizes the work of the
structural material in the elastoplastic region. Many structural elements of modern technology
are made in the form of plates of various shapes. The widespread use of plates is explained by
their high strength, considerable rigidity and relatively low weight, which, along with the
manufacturability of manufacturing, distinguishes them among other structural elements. A
constant trend in the development of technology is an increase in the intensity of dynamic
effects, accompanied by an increase in the level of vibration.

1. Introduction

Reduction in material consumption of structures while maintaining their strength and reliability is an
important task. This problem can be solved by a more complete consideration of factors affecting the
actual picture of strain: physical nonlinearity of the material, viscoelastic properties of the material,
aging factors.

Physical nonlinearity is associated with the calculation of real properties of the materials. Recently,
numerous studies have been published devoted to the stress-strain state of viscoelastic plates and
shells.

However, the issues of considering the structural orthotropy of plates while taking into account
physical nonlinearity of the material remain relevant; these issues are of particular interest in the
problems of viscoelastic properties of the material [3, 4-9, 10, 11-20].
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2. Statement of the problem. The basic equations.

Consider a flat plate of constant thickness under the action of a continuous transverse load q (x, v, t).
Let w (X, y, t) be the deflection of the plate. The task is to derive equations to determine deflection w
(x, y, t) assuming that the plate material follows the law of physically nonlinear viscoelasticity.

To derive the nonlinear integro-differential equation of bending of the physically nonlinear
viscoelastic plate, we will proceed from the expressions for extension and shear, which gives the
geometry of small strains of the plate elements. These expressions can be used in linear theory as well.

According to Kirchhoff’s hypotheses, we accept
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According to [1], the relationships between stresses and strains can be represented as
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Note that dependences (3) and (4) take place in the plane-stressed state of the plate. Substituting
these expressions into relations (2), for the stresses 0y, 0y and 7,,, , We obtain
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3. Solution methods. Obtaining integro-differential equations of bending of a physically
nonlinear viscoelastic plate.

In order to make equilibrium conditions for any element of the plate, introduce the moments reduced
to a unit length

N
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and transverse forces

7,,dz. 9
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Then the equilibrium equations have the form
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Excluding Q, and Q,, from these equations, we obtain
0°M, _0°M,, 0°M,
= —q(x,y,t). 11
From equations (7) for bending and torsional moments we have
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where D, = go—h)— is the bending stiffness of plate,
8
A2(x,y,t) = 5 [v1(W2 + W2y + Vaweewyy, + 3w3 |- (13)

Substituting (12) into equilibrium equation (11), we obtain the following integro-differential
equation for the bending of a physically nonlinear viscoelastic plate
Do(1 — 4,R*)V*w + 3Dy (1 — 1, R*)F (x.y.t)V*w + 6Dy (1 — 1,R*) X
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At F(x,y) =0, only the first term remains on the left-hand side of equation (14), and equation (14)
coincides with the equation of bending of an elastic-viscous plate (Hooke's law).
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If instead of rectangular coordinates x and y, use the polar coordinates x = rcos¢,y = rsin¢g
after converting the derivatives of w along the x and y coordinates into derivatives of w along the r and
¢ coordinates, for the strains ¢,, £, and y., instead of formulas (1), we obtain the following
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1 1
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Yro = —22 (;Wr¢ + r—2w¢>,
where the subscripts in the deflection w mean the corresponding derivatives along the coordinates r
and ¢. Introducing (16) into (7), for stresses in polar coordinates we have
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By entering the notation
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The following is obtained for the average extension and the square of the shear strain intensity

instead of (4) and (5):
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For bending and torsional moments we get
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Then the equation of bending of a phyS|caIIy nonlinear viscoelastic plate takes the form
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For an axisymmetrically loaded round plate the bending equation (20) takes the form
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Practically useful formulas are derived immediately for the particular case when the extension
function x(e,) and the shear function y (y3) can be represented with sufficient accuracy in the form

x(€) =1 y@§) =1+y, Y5 (26)

For this case, in series (15), (21) and (24), it is necessary to be limited to one term, i.e. for the

function F we have
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and in the axisymmetric case, A is determined by formula (25)
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From equations (14), (20) and (22), as a particular case, the equations of bending of thin plates of
linear theory are obtained.
In equations (14), (20) and (22), assuming that
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we obtain the equations of stability and vibrations of thin physically nonlinear viscoelastic plates.
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4. Discussion of results
As a specific example, consider the bending of physically nonlinear viscoelastic freely supported thin
plates. In this case, the boundary conditions are:

VW _0 at x=ta

9x2 = a X = xa,

— = = +b.
3y? 0 at y=4=b
The sought for solution satisfying the boundary conditions (31) is taken in the form
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Substituting function (32) into equation (15) and applying the Bubnov-Galerkin method to
determine coefficient A(t), we obtain
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The following notation is introduced in formula (33):
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Equation (35) can be solved using the method of successive approximations [2], of power series.
Using the method of successive approximations, we obtain
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a b
qn(t) = f f q(x,y,t) sina, x sin2 B, ydxdy.
00

Substituting A(t) according to (36) into (32), we obtain an approximate solution to the problem of
bending of freely supported thin rectangular plates.

5. Conclusions

The integro-differential equations of bending of a physically nonlinear viscoelastic plate are derived.
The obtained equations are the generalized equations of the nonlinear theory of plates and shells. As
an example, to illustrate the theory of plates and shells, the solutions for the bending of physically
nonlinear viscoelastic freely supported thin plates are given.

References

[1] Shirinkulov T Sh 2004 On some relations between stresses and strains in a physically nonlinear
viscoelastic medium //Reports of the Academy of Sciences of the Republic of Uzbekistan. No.6

[2] Cauderer G 1961 Nonlinear mechanics. M .: IL. p 775

[3] Rabotnov Yu N 1977 Elements of hereditary mechanics of solids. - M.: Nauka. p 384

[4] Khodzhaev D A Abdikarimov R A Mirsaidov M M 2019 Dynamics of a physically nonlinear
viscoelastic cylindrical shell with a concentrated mass // Magazine of Civil Engineering. 91(7)
pp 39-48

[5] Mirsaidov M M Abdikarimov R A Khodzhaev D A 2019 Dynamics of a viscoelastic plate
carrying concentrated mass with account of physical nonlinearity of material. Part 1.
Mathematical model, solution method and computational algorithm // PNRPU Mechanics
Bulletin. pp 143-153

[6] Mirsaidov M M Abdikarimov R A Vatin N | Khodzhaev D A Normuminov B A 2019 Nonlinear
parametric oscillations of viscoelastic plate of variable thickness // Magazine of Civil
Engineering. 82(6) pp 112-126

[7] Sultanov T Z Khodzhaev D A Mirsaidov M M 2014 The assessment of dynamic behavior of
heterogeneous systems taking into account non-linear viscoelastic properties of soil // Magazine
of Civil Engineering. 45(1) pp 80-89+117-118.

[8] Mirsaidov, M.M., Sultanov, T.Z. 2013 Use of linear heredity theory of viscoelasticity for
dynamic analysis of earth structures // Soil Mechanics and Foundation Engineering. 49(6), pp.
250-256.

[9] Koltunov, M.A., Mirsaidov, M., Troyanovsky, |.E. 1978 Transient vibrations of axissymmetric
viscoelastic shells // Polymer Mechanics.. 14(2), pp. 233-238.

[10] Kutepova N and Korobanova T 2017 Features of the development of phosphogypsum dump
deformations Mining Sciences and Technologies No. 1 pp. 31-39

[11] Mirsaidov M 2019 An account of the foundation in assessment of earth structure dynamics // E3S
Web of Conferences 97 04015

[12] Mirsaidov M et al. 2018 Strength parameters of earth dams under various dynamic effects Mag.
Civ. Eng. 77 (1) pp 101-111

[13] Mirsaidov M 2019 An account of the foundation in assessment of earth structure dynamics E3S
Web of Conferences 97 p 04015

[14] Fayziev H Sharipov R and Sayfiddinov S 2010 Results of the study of phosphogypsumvibro-
viscosity University News, Construction Novosibirsk 5 pp 35-40

[15] Mirsaidov M Sultanov T and Sadullaev A 2013 Determination of the stress-strain state of earth
dams with account of elastic-plastic and moist properties of soil and large strains Magazine of
Civil Engineering 40(5) pp 59-68

[16] Fayziev Kh Sharipov R and Sayfiddinov S 2011 Results of research of dynamic properties of
phosphogypsum University News, Construction Novosibirsk, 6 pp 30-38


https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=23008634500&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=23008634500&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507460407&zone=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-85077781278&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=3&citeCnt=0&searchTerm=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-85077781278&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=3&citeCnt=0&searchTerm=
https://www2.scopus.com/sourceid/21100781412?origin=resultslist
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507460407&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506522453&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=23008634500&zone=
Dynamics%20of%20a%20viscoelastic%20plate%20carrying%20concentrated%20mass%20with%20account%20of%20physical%20nonlinearity%20of%20material.%20Part%201.%20Mathematical%20model,%20solution%20method%20and%20computational%20algorithm
Dynamics%20of%20a%20viscoelastic%20plate%20carrying%20concentrated%20mass%20with%20account%20of%20physical%20nonlinearity%20of%20material.%20Part%201.%20Mathematical%20model,%20solution%20method%20and%20computational%20algorithm
Dynamics%20of%20a%20viscoelastic%20plate%20carrying%20concentrated%20mass%20with%20account%20of%20physical%20nonlinearity%20of%20material.%20Part%201.%20Mathematical%20model,%20solution%20method%20and%20computational%20algorithm
https://www2.scopus.com/sourceid/21100286375?origin=resultslist
https://www2.scopus.com/sourceid/21100286375?origin=resultslist
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507460407&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506522453&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6508103761&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=23008634500&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=56906913600&zone=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-85062063658&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=5&citeCnt=9&searchTerm=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-85062063658&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=5&citeCnt=9&searchTerm=
https://www2.scopus.com/sourceid/21100781412?origin=resultslist
https://www2.scopus.com/sourceid/21100781412?origin=resultslist
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=55586710000&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=23008634500&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507460407&zone=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-84991406695&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=8&citeCnt=11&searchTerm=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-84991406695&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=8&citeCnt=11&searchTerm=
https://www2.scopus.com/sourceid/21100781412?origin=resultslist
https://www2.scopus.com/sourceid/21100781412?origin=resultslist
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507460407&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=55586710000&zone=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-84880809614&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=9&citeCnt=6&searchTerm=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-84880809614&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=9&citeCnt=6&searchTerm=
https://www2.scopus.com/sourceid/17390?origin=resultslist
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=16525245400&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507460407&zone=
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=16522347500&zone=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-34250275168&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=16&citeCnt=2&searchTerm=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-34250275168&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=16&citeCnt=2&searchTerm=
https://www2.scopus.com/sourceid/36241?origin=resultslist
https://www2.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507460407&zone=
https://www2.scopus.com/record/display.uri?eid=2-s2.0-85067274760&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=68b6d81df3d851feb5aa0243e0f8aeaa&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=0&citeCnt=0&searchTerm=
https://www2.scopus.com/sourceid/21100795900?origin=resultslist
https://www2.scopus.com/sourceid/21100795900?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507460407&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85067274760&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=d18319e413a0be160b083f576dc2475f&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/21100795900?origin=resultslist
https://www.scopus.com/sourceid/21100795900?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507460407&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55586710000&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57191525771&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84991298999&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=d18319e413a0be160b083f576dc2475f&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=8&citeCnt=1&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84991298999&origin=resultslist&sort=plf-f&src=s&st1=mirsaidov&st2=m.&nlo=1&nlr=20&nls=count-f&sid=d18319e413a0be160b083f576dc2475f&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22Mirsaidov%2c+M.%22+6507460407%29&relpos=8&citeCnt=1&searchTerm=
https://www.scopus.com/sourceid/21100781412?origin=resultslist
https://www.scopus.com/sourceid/21100781412?origin=resultslist

FORM-2020 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 869 (2020) 052048 doi:10.1088/1757-899X/869/5/052048

[17] Mirsaidov M Sultanov T Yarashov J Khujanazarova N and Urazmukhammedova Z 2019
Mathematical simulation and the methods to assess the strength of earth dams. 2019
International Conference on Information Science and Communications Technologies (ICISCT)
DOI: 10.1109/ICISCT47635.2019.9011818.

[18] Fayziev Kh Rakhimov Sh Tashtanova M Yalgashev O and Adkhamova G 2019 Building
properties of phosphogypsum as a material of sludge dumps of enclosing dams International
Journal of Advanced Research in Science, Engineering and Technology vol. 6, issue 7 pp.10270-
10277.

[19] Sultanov K Loginov P Ismoilova S and Salikhova Z 2019 Wave processes in determining
mechanical characteristics of soilsE3S Web Conf. 97 p 04009

[20] Khudayarov B, Komilova K and Turaev F 2019 Numerical Modeling of pipes conveying gas-
liquid two-phase flowE3S Web Conf. 97 p 05022.


https://ieeexplore.ieee.org/xpl/conhome/8982113/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8982113/proceeding
https://doi.org/10.1109/ICISCT47635.2019.9011818

