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ABSTRACT: In this article, free oscillation of the plate is considered when the sides of X =0, a are hinged and other
sidesof Y = /2 are free. Free sides connected with thin, open profile rods.
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l. PROBLEM STATEMENT AND LITERATURE REVIEW.

It is known that taking into account constrained torsion in thin-walled rods of an open profile makes it possible
to more fully identify reserves for increasing the torsional rigidity of such rods. Therefore, the influence of constrained
torsion affects an increase in the degree of pinching of the edges of the plate, when thin-walled rods of an open profile
are taken as reinforcing elements.

In the literature [2, 3, 4, 6], the following method of drawing up boundary conditions along the contact line of the
plate with the reinforcing ribs is described. The loads transmitted by the plate to the ribs (rods) are considered equal, but
reversed in the direction of the forces in the corresponding sections of the plate. Then kinematic conditions of equality
of displacements at the points of contact of the reinforcing rods with the plate are introduced into these force conditions.

In publications [1, 5], a method for drawing up refined boundary conditions on the interface line of the plate with
the rod is proposed, which allows taking into account the constraint of the deplaning of the end sections of the ribs. At

the same time , the degree of constraint of the deportation is taken into account by some parameter dk :

1. THE SOLUTION METHOD.

As far as we know, a closed solution to the problem of stability of elongated rectangular plates can be obtained in
single trigonometric series only when two parallel edges are pivotally supported, while the other two edges can be fixed
arbitrarily (M.Levy's solution).

In many cases, it is of practical interest to study the problem of stability of elongated
plates (a > b) .
Consider the problem of stability of elongated plates, the long edges are supported by thin-walled rods, and the
short ones are supported pivotally. Such a case corresponds, for example, to a separate compartment of the ship's
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ceiling with a longitudinal set or compressed thin-walled elements of some building structures (Fig.1).
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Fig.1. The plate, the long edges are supported by thin-walled rods, and the short ones are supported pivotally.

A uniformly distributed intensity load is applied to the pivotally fixed edges (at the level of the median plane).
N, = 08 = const, where § — plate thickness.

Let 's write down the known differential equation of the problem
22w E&3

2v72 i — —
DVEVPw + N, 55 =0, D ==, D
the solution of which we will present in the traditional form
w6y) = B2 @) sindnx, Ay =70, )
satisfying the boundary conditions of the hinge support on the edges x = 0,a [2, 3, 4, 6].
Substituting (2) into (1) we obtain the equation for determining the desired function f,,(y)
W =2+ A (=) fa= 0 ®

The solution of equation (3) depends on the type of roots of the characteristic equation

S12=% |1 <An + \/%)'53.4 =+ |1 (An - \/%) @

It is known that in a plate pivotally supported at all edges, the critical value of the load intensity under one-sided
compression is equal to (see for example [3])
b
Ny =Km?, K= (o) (5)
It follows from (5) that at any degree of elastic fixation (except when the longitudinal edges are free from support) N; >
2D for arbitrary values% u n. Therefore, in (4) the roots S, , are always real, and the roots S3 , imaginary.

With this in mind, we present the solution of equation (3) in the form
fa = Cichay,y + Cysha,y + C5 cos B,y + Cy sin B,y (6)

A = Ay <\/%+/1n)' Bn = ’ln (J%-%) (7

To concretize further calculations, we introduce some particular simplifying assumptions. First, to simplify the
calculation, we will assume that the reinforcing rods and the conditions for fixing their ends on both edges of the plate
are the same. This circumstance will make it possible to use the symmetry of the curvature of the plate relative to the x
axis and put the constants in (6)

C,=C, =0.

Let us now subordinate the function f_ () to the boundary conditions [1, 5]

where

Conditions for elastic support at the edges y = + g:

_ fA--w AEf
fa= BT (8)
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where t, = 7”’, C, = _y' kz = —, 9
“ du(1+/1$1];—(§) “ bb 2 E)y ®©)
den.c.
d, = 1 npu 2 lx=00 = 0, (10)
16+8(-1)" dwpc.
dy=1-—35=by—=ly20a=0. (109)

Recall that the coefficient kg, included in (12), depends on the shape of the cross-section: for example, for a rectangle
kg = 1,2, for I-beams of rolling assortment FTOCT 8239-56 k4 ~ (2,0 + 2,4)

We now subordinate function (6) to the boundary conditions (8). As a result, we come
to the following system of two homogeneous equations with respect to constants C; and Cs:

Ciftyp*ehd — 2[48% — (2 — Wy?)ishé } +

+Cy{t,P*cosn — 2[4n? + (2 — wWyY?Insinn} = 0 (1)
In (11) it is denoted ¢ =“2ib, r1=B’21—b. Y =2A,b (12)

Since the trivial solution of the system (11) C; = C; =0 if it is not of interest, then in
order to obtain the stability equation, it is necessary to equate the determinant of this system to
zero. As a result of the disclosure of the determinant, we get:

(4¢% — uwp*)[4n? + (2 — wy?nsinn+
+(4n? + uyp?)[4¢? — (2 — wp?1éthécosn — (13)
=2t Y*(é% + n?)cosn = 0.
The relationship between & u n, and also the formula for the critical intensity of the load Ny
stem from (7)

2 2 252
g-nz=¥, N = 4D (g(Jb‘;j : (14)
The joint solution of the last equation with (131) leads to the determination of the entire
spectrum of critical values Nj.
Minimum value Ny with the specified parameters t,, % corresponds to certain values n.
Figure 2 shows a graph of the dependence % oT bi,built for different

3

values C,. For all curves it is accepted ka = oo, t.e. the shear deformation during bending of the
reinforcing rods is neglected. The upper and lower curves in Fig. 2 refer to two extreme cases:
C, = (the plate is pivotally supported on rigid supports along all edges), C,=0 ( the long
edges of the plate are free from support, i.e. there is a beam scheme). The intermediate curves
correspond to the range 0<C(C, <o, moreover, the dashed lines refer to the case of hinge
fastening of the ends of the reinforcing rods, and the solid lines refer to the case of rigid sealing.
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Fig.2. Dependency graph % ot - built for different values

Cy.
From Fig. 2 it can be seen how strongly the method of fixing the ends of the reinforcing
rods affects the stability of the plate. This influence affects not only quantitatively, but also
qualitatively. So, for example, when C, =25 and %2 3 +4 the same reinforcing rod (but with

different conditions for fixing its ends) leads to a loss of stability of the plate by a different
number of half-waves.
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11. CONCLUSION

It is known that with the cross-sectional dimensions of thin-walled rods supporting the long sides of the plate
unchanged, the degree of elastic pinching during longitudinal compression of the plate increases with an increase in the
ratio of the dimensions of its sides % (a > b) . For extremely long plates when a > (6 — 8)b the degree of pinching

is close enough to a hard seal.
REFERENCES

1. Beilin E.A., Melikulov N. M. On the stability of rectangular plates reinforced with thin-walled rods. - In the book: Structural mechanics and
calculation of structures: Scientific and Technical Journal. M. Publishing House of literature on construction. 1980, No.5.pp.38-42

2. Bleich F. Stability of metal structures. M.Fizmatgiz. 1959.

3.Brode B.M. Stability of plates in elements of steel structures M.Mashstroyizdat. 1949.

4. Volmir A.S. Stability of elastic systems. M.Phys.math.giz.1967

5. Melikulov N.M. Study of stability and rigidity of plates reinforced with thin-walled rods under various loading cases - In the book: Structural
mechanics of structures. Inter-university. Temat.sb.tr-L.LISI, 1980. pp. 76-85

6.Timoshenko S.P. Stability of elastic systems. M.Gostekhizdat, 1955.

7. Muszkowska H. Plyty prostokatne o dwoch krawedziach przeciwleglych swobodnie podparnech i pozostalech sprezyscie zamocowanech. Prace
Naykowe Insnytutu Budownictwa Politechniki Wroclawskcy.1973,Nr.11.

8.Ferachian R.H. Back ling of biaxial le compressed long rectangular plates elastically restrained along the long edges and simply supported along the
short edges. Proc. Inst. Engrs. Part 2. Montreal, 1975

9 Ismayilov K,.Karimova K Application of used automobile tires granules for road construction in uzbekistan. Journal of Critical Reviews, 2020. 7, t,
number 12,p. 946-948. DOI: 10.31838/jcr.07.12.165

10. Ismayilov K. Critical strains and critical stresses in the steel rod beyond the elastic limit. European science review. 2018 number Ne 5-6, p—291.

Copyright to IJARSET Www.ijarset.com 18810


http://www.ijarset.com/

