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Bending of the rigidly fixed elastic-plastic plate

The number of plate structures include coatings, as well as box systems, working as a complete spatial
system. The plate structures include systems elements of which are both rods and plates, for example,
frame-panel structures with the bearing capacity of frame-panel buildings when considering the theory of
bending. In the theory of elastic-plastic plates, the algorithm of caleulation according to this theory, its basic
formulas, the basic relations of the theory of elasticity-are considered. This article discusses the bending of
the rigidly fixed elastic-plastic plate. Calculations were made using the method of separation of variables.
This method was implemented in the program MathCAD. Values of the laws of stress and modulus of
materials, bending functions, shear components, deformation components, bending moment values, torsion
and internal forces, stresses are obtained and plots of distribution functions are plotted. The values of the
distribution functions of the rigidly fixed elastic-plastic plate are determined.
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Introduction

Plates of flagstones are called elastic cylindrical or prismatic bodies thickness of which is small comparing
with two others in the size. Plateis widespread in building: panels, ferro-concrete or slab, the bases of the big
buildings, flagstones, etc. Depending on foundation plates differ: round, pillow-like, triangular, quadrangular
and polygonal. At present; plates are used in many technical branches: in building, in aircraft, in ship building,
at assemblage of cars. Plates are the important designs in different branches of technics and in building.
Therefore plate predesign is very important. To make or use any construction predesign is necessary. As the
plate is the main element of many constructions predesign of bending and bearing ability is the important
problem. To determine regularity of change of internal forces of elastic-plastic plates. In the calculation of the
elastic, plastie, elastic-plastic plates with different bearing on the bending deflections and compare distributed
functions [1, 2].

Main part

Consider a rigid-reinforced elastic-plastic plate of rectangular shape in a Cartesian coordinate system
(I1, l2, h — plate dimensions in the direction of the coordinate axes) (Fig. 1) [3-11].
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Figure 1. Rigidly fixed plate

Let it be acted go on by a uniformly distributed load. The calculation is made using the method of separation
of variables. This method will be implemented in the program MathCAD.
Given:

1 1
h=1Llb=1a=1bh=1a=2bb=2h=;, Eq =2 07, v= a0 =1
The boundary values of the parameters when rigidly fixed form will take the following form:
ag = 0, 50 =0.

We calculate the dimensionless function of the plate bend:

Fo )= X @)Y () = 5 (o0 - 20 H82)8 (0= 27 +2)

Bending parameters are defined as follows:
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Figure 2. The laws of stress and module functions of materials
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The value of the stress change laws and material functions of the module are shown in Table 1.

The value of thestress change laws and functions of materials module

13 0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
w(&) | 0]0.156 | 0.309 | 0.454 | 0.588 | 0.707 | 0.809 | 0.891 | 0.951 | 0.988
(&) | 0] 1.564 | 1.545 | 1.513 | 1.469 | 1.414 | 1.348 | 1.273 | 1.189 | 1.097

Table 1

Using dimensionless function of bending plates, as follows: define the great bend feature W (z, y, &) (Fig. 3):

CreateMesh (W,0,1,0,1,10,10)
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Figure 3. Bending function

08

Using the components of the shear, determine the strain components and their diagrams at z = 0.5, £ = 0.5

(Fig. 4) [12]:
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Figure 4. Shear components
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Using shear components, we define the deformation components and their diagrams at z = 0.5 (Fig. 5) [13]:

CreateMesh (el ,0,1,0,1,10,10)

0 02 04 06 08

CreateMesh (€3 ,0,1,0,1,10,10) CreateMesh (y12 ,0,1,0,1,10,10)

Figure 5¢ Deformation components

We calculate the internal forces (Fig: 6):

20000 - sin ( 5¢ )
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CreateMesh (M1,0,1,0,1,10,10) CreateMesh (M2,0,1,0,1,10,10) CreateMesh (M12,0,1,0,1,10, 10)
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Figure 6. Moments of bending, torsion and internal forces

We find the components of stress, using the found internal forces [14-16]. At « =.0.5, y = 0.5 and
= —0.5, y=—0.5 and their diagrams are as follows (Fig. 7):

3 T T T T 3 T T T T
2 - 2r -
cl(x,y,2) 02(X,y \2)
1 - 1 -
0 | | | | 0 | | | |
0 02 04 06 038 0 02 04 06 08
VA Z
1 T T T T 1 T T T T
0.5 - 0.5 -
112(x,y,2) 0 13(x,y,2) 0
- 0.5 1 - 0.5 -
Y i | | L L =1 L L L L
0 02 04 06 038 0 02 04 06 038
Z VA
1 T T T T T T T T
0.5 _ 0.4 1
0.3 -
23(x,y,2) 0 03(x,y,2)
0 - e
- 0.5 a 01k et
_ | | | | 0 | | | |
0 02 04 06 038 0 02 04 06 038
VA Z

Figure 7. Stresses
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Diagrams of the distribution functions (Fig. 8):
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Figure 8. Distribution functions

The values of the distribution functions of the rigidly fixed elastic-plastic plate are given in“Table 2 [17, 18].

Table 2
Values of distribution functions of the rigidly fixed elastic-plastic plate

Wi, y, &) | Ulw, 4,2, & |e(z, y,2 | M, y) | Moyl Qi(z, y, & | o1(z, y,2)

0 0 0 -0.02 0 0 -0.469
1.0068 - 10~° 0 —1.611-107° | =3.922- 1073 0 0.09 -0.094
3.1820-107° 0 —5.091-10"° 0.015 0 0.12 0.365
5.4815-107° 0 —8.77-107° 0.033 0 0.105 0.783
7.1595 - 107 0 —1.146- 107 % 0.045 0 0.06 1.07
7.7685 - 10~° 0 —1.243-107% 0.049 0 0 1.172
7.1595-107° 0 —1.146 - 107 % 0.045 0 -0.06 1.07
5.4815-107° 0 —8.77-107° 0.033 0 -0.105 0.783
3.1820-107° 0 —5.091-107° 0.015 0 -0.12 0.365
1.0068 - 107° 0 —1.611-107° [-—3.922.1073 0 -0.09 -0.094

0 0 0 -0.02 0 0 -0.469

Conclusions

Thus, this calculation was performed using elastic-plastic theory. The influence of the plate bending function
in the form of polynomials in the elastic-plastic state is taken as a parameter. It is obtained analytically by
applying the bending function ‘f the beam taking into account the deformation. The law of change, which
corresponds to the elastic-plastic material of stress, is used. In General, the calculation of the bending of a
rigidly fixed elastic-plastic-plate is shown.

It was found that many problems of the technique can be solved by the method of separating variables.
Using this method simultaneously with the calculation of the plate bending, it is possible to solve the problem
of free oscillations and other problems.
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JI.C. Ocerosa, b.M. Hypmranosa, .A. Camoitioa

2KakTapbl KaTThl OEKITiJIreH cepriMai-uijIiMal IJI1acTUHAHBIH, UiJTyi

IInacTuHANBIK, KOHCTPYKIUSIAD KAaTaphiHa 2Kaby1ap, COHBIMEH KaTap TYTaC KEHICTIKTIK Kyiie peTiHae XKy-
MBIC icTeHTiH Kopam Topizzec Kyiesep »karajbl. llmacTuHaIbIK, KOHCTPYKIIUAIAD KATAPbIHA ©3€KTEp 1€,
IUTACTUHAJIAP Ja JIEMEHTTEep OOJIbIN TaObLIATHIH KyHeaep Kipei, MBICAJbI, KapKaCThI-TAHEbIIK FIUMa-
paTTapabiH KeTepyir Kabimeri 6ap Gemmik korcTpyKimsiiap. Cepmimai-uimiMal MIaCTHHAHBIH UiTy TEOpUs
SICBIH KaPaCTBIPFAH/IA OChbl T€OPHUsi OOMBIHIINA ecelTey aJIrOPUTMIi, OHBIH Hei3ri dpopmMysiaiapbl, cepHiMIiIiK
TEOPUSTHBIH, HETI3T1 KATBICTAPBI KAPACTHIPBLIALI. Makasaga KakTapbl KATThl GEKITIITEH CepItiMIi-IiTiMIi
IUTACTUHAHBIH Uiyl 3eprresai. Ecenrey altHpiMabLapasl 601y 9miciniy kemerimen xKyprisinren. By ofmic
MathCAD 6armapiaamacs! 60ABIHIIA >Ky3€re achIPbLIAbl. KepHey MeH MaTepuasl MOy IHIH (OyHKIASICHIHBIH
©3Tepy 3aHJIaPBbIHBIH MOHJIEP], MAbICY (DYHKIIMSICHI, XKBLIXKYJIAp KOMIIOHEHTTEPI, HAedopMariust KOMITIOHEHT-
Tepi, nity, 6ypaay MOMEHTTEPI KoHe IIMKi KYIITep, KEPHEYJIEPIiH MOH/IEP] aJIbIH/IbI XKOHE YIecTipiM dyHK-
[USITIAPBIHBIH, SIOPAJIapbl CAJIBIHILI. 2KaKTapbl KATTBI OEKITireH cepriMai-uiaiM/al mracTUHAHBIH TapaJIy
DYHKIUSITAPBIHBIH, MOHAEP] aHBIKTAJIIHI.

Kiam cesdep: miacTuHa, cepmiMIi, HKeMIl, HiIiM/Il, Uiy, gedpopMalusi, KEpHeY.

JI.C. Acerosa, B.M. Hypanosa, I.A. CamoiiioBa

N3rubd kecTko 3aKperieHHON yNnpyro-jacTu4YecKoil MIacTuHbI

K umcny mmacTHHHBIX KOHCTPYKIMIT OTHOCSITCS TTOKPBITHSI, & TAKKE KOpOOdYaThle CHCTEMBI, PabOTaroIne
KaK I[eJI0OCTHAs IPOCTPAHCTBEHHAs cucTeMa. B cocTaB IIaCTUHHBIX KOHCTPYKIU BXOIAT CHCTEMBI, SJIEMEH-
TaMU KOTOPBIX SBJISIOTCS KaK CTEPyKHU, TaK U IJIACTUHBI, HAIIPUMED, IIPU PACCMOTPEHUU TEOPHH U3ruda
9TO KapKaCHO-TIAHE/IbHbIE KOHCTPYKIIUU C HECYIIEN CHOCOOHOCTHIO KAapKACHO-TIAHEIbHBIX 37aHuil. B Teo-
pUH YIPYTO-IUIACTUYECKOTO M3ruba MJIACTHH PACCMOTPEHbI aJArOPUTM pacydeTa, €ro OCHOBHbIE (DOPMYIIBI,
OCHOBHBIE COOTHOIIIEHUsI T€OPUU yIPYrocTH. B crarbe paccyuTaH M3rub >KECTKO 3aKPEIJIEHHON yIIPYTro-
IUTACTUYECKOM MJIACTUHBI. PacdeTsl TpOM3BOAMINCH C TIOMOIBIO METO/A PA3JC/ICHNS IePEMEHHBIX, Peasir-
30BAHHOIO C UCHoab30BanueM nporpamMmbl MathCAD. ABropamu moJry9YeHbl 3HaAY€HUsI 32KOHOB U3MEHEHUsT
HaIPsKEHAN 1 QYHKIMHE MOJLYJIsI MaTepPHasIoB, OyHKINN n3rnba, KOMIIOHEHTOB C/IBUra U JedopMariyn, 3Ha-
9eHns MOMEHTOB M3rnba, KPydJeHns: i BHYTPEeHHUX CuJI, HanpsizkeHuil. [locTpoens! smopsr dyHKIHI pacnpe-
nesienusi. OnpejiesieHbl 3HaUeHUs DYHKINI PACIIPE/IeJIeHNs] KECTKO 3aKPEIIEHHOH YIIPYTro-IIacTUIeCKO
NJTACTUHBI.

Kmouesvie caosa: MIacTuHa, yIPYTHi, IIACTUIECKH, TOAATINBOCTD, U3rU0, 1edOopMaIinsi, HAPSIXKEHUE.
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