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In this article, free oscillation of the plate is considered when the sides of x=0, a are

hinged and other sides of y = ig are free. Free sides connected with thin, open profile
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Formulation of the problem and literature
review. It is known that the possibilities for
enhancing the torsional stiffness of thin-walled
open-profile rods can be more completely
shown when limited torsion is taken into
account. Therefore, when thin-walled open
profile rods are used as reinforcing elements,
the effect of limited (constrained) torsion is
seen in an increase in the degree of pinching of
the plate's edges.

The following approach of drafting the
boundary conditions along the contact line of
the plate with reinforcing ribs is described in the
literature [2, 3, 4, 6]. The forces in the
corresponding parts of the plate are thought to
be equal to, but reversed in direction from, the
loads transmitted by the plate to the ribs (rods).
Then, into these force circumstances, are
incorporated kinematic conditions of equality of

displacements at the locations of contact of the
reinforcing rods with the plate.

Publications [1, 5] propose a method for
compiling refined boundary conditions on the
line of conjugation of a plate with a rod, which
makes it possible to take into account the
constraint of deformation of the end sections of
the ribs. In this instance, the degree of
deplanation  constraint is taken into

consideration by some d, parameter.

Method of solution. According to our
knowledge, only when two parallel edges are
hinged can a closed (silent) solution to the
problem of a compressed-curved rectangular
plate be found, although the other two edges can
be fixed in an arbitrary way (M. Levy's solution).

Now we shall examine the
problem of a compressed-curved plate
with edges x=0,a hinged on rigid
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supports, and edges y= ig rigidly
fastened with elastic thin-walled rods of
an open profile (Figure 1).
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Figure 1. Compressed-curved plate
Let the load N, be applied to the edges x = 0,a. In this case, the equation for the
problem has the following form:
2
DV2V2w + N, 25 = q(x,) (1)
The solution of equation (1), which satisfies the boundary conditions of hinged support
of the edges x = 0,a has the below well-known form

w(x,y) = Tieiz fu)sindnx,  An == (2)
Transverse load gq(x,y) is presented as a Fourier series in sind,x q,(x,y) =
Yin=12qn(y) sindpx (3)
here the coefficients of this series are ¢q,(y) = gf;q(x,y) sind,xdx (4)

Substituting (2) and (3) into (1) we obtain an equation for determining the
function f,(y)

Nx n
L A (5)
Further, for simplicity, we apply q = const, then from (4) we get q, =%, (n=

1,3...)
The solution of equation (5) depends on the form of the roots which are
characteristic to the equation. In this regard, we will consider two options below.
Option I. Let us take N, < 22D, here all the roots which are characteristic to the
equation composed for (5) will be real, and therefore the solution can be written in the
following form

fn(y) = C1Chany + CZShany + C3Ch.3ny + C4Shﬁny + fq.p (6)
where the special solution has the form of
4
fup = (7)

[Dnma (25 -25)]

In (6) it is defined as an, =M, |1+ /;VT"% Bn=42n |[1— ’;Tx% (8)

Option II. Now let us take N, > 12D, then one pair of roots which are
characteristic to the equation will be real, and the second - imaginary. In this case, the
solution to equation (5) has the form of

fn(Y) = Clc'hany + CZShany + C3COS.Bny + C4Sin.8ny + ﬁ{.p (9)

where B, = A, /% - (10)

The special solution f; , and the parameter a,, are given by formulas (7) and (8).
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Option III. When N, = A2D is not considered separately, as it can be arbitrarily close to it
from option I or option II
Boundary conditions for elastic pinching and elastic support of the edge is y =

+

NIG‘

Conditions of elastic pinching at the edges y = ig :

I fn n
fi = Ml (11)
c G G
rhe  t =1+ +2) ¢ = Tk k= ﬁ (12)
dze |
dx = 1mpu dxz 'x=0a = 0 (13)
— 1 2ka [1-(-D"]shka |, [1+(-1)"|ka(1-chka) ae _
dk =1 nznz—kzaz{ chka—1 2(chka—1)—kashka } when dx |x=0,a =0 (133)
Conditions of elastic pinching at the edges y = + g:
fall-2-w) Aifa
fo =T (14)
C EJ GF
rje ty=—=2+— C,==2% ki=—, 15
pi u du(1+/'ln 2) u Db 2 EJ, (15)
d,=1 l'IpI/I % lx=00,=0, (16)
16+8(—-1)" dwyc.
du =1- then:—x x=0,a — 0. (163)

Now we place each of the functions f,(y) based on (6) and (7) under the
boundary conditions (11) and (14). To simplify the solution, we use the symmetry of
the problem and set ¢, =, = 0. As a result, we obtain the following equations for the
constant Cq, Cs:

Option I.

C,(A,,ch& + 2t,p2Eshé) + C3(B,(l_)chn + Ztkzpznshn) = uwP?fop

) (a7
Ca(tutp*ch — 2C,&shE) + Cs(tup*chn — 2D nshn) = —t,*fi,
Option II.
C1 (Anché + 26,p2EshE) — C5(Bacosn + 26,p2nsing) = wp*fi 5
Cy (tup* chE — 2C,E5hE) + Cy(tp*cosn — 2D,mshn) = —t, b, (18)

In (17), (18) the following indication is presented
An = 482 — 2, By = 4n? + 2, § = 222
b
By = 4n? — uyp?, Cn=4€2—(2—u)¢2,n=37- (19)
Dy = 407 + (2= Y2, D) = 4n? = (2= Y2, Y = Anb
Having found constant C;,C3; from (17) and (18), we can present the expression

for deflection (2) in the final form of
option1 (N, < A2D)

4qb* = sind,x
wtey) =755 ANz
- 5 (1 — 2NxA”
n=13.1M (1 N3n2b2)
2 2 _ 2
X {1 _ 1!’ [(B1tu¢ +BZM)Cthy (B3tu1l) +B4-H')Cha‘ny]} (2 O)
rae

B; = (4&% — up?)ché + 2t,p?Eshé,
B, = t,p*ché — 2[4&2 — (2 — W?)éshé,
B; = (40> — ump*)chn + 2t p*nshn, (21)
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B, = ty*chn — 2[4n* — (2 — wyp?Inshn.
Option II (N, > A3D): It is summarized to formula (20) by replacing the last
expression in curly brackets with the following expression
¢2[(Bltu¢2+Bzﬂ)505ﬁny+(35tuwz"'lel)Ch“nY]
1- (22)
ByBg+B3Bs
where Bs = (4n% + uyp?)cosn + 2t P?nsiny,
Bg = typ*cosn — 2[4n* + (2 — w)p*Inshn] (23)

Let us examine special cases when the plate is pivotally attached to elastic
reinforcing rods, thatis t, =0,0<t, <

Formulas for deflections (20) and (22) for this case will take the form of
Option I.

4qb* = sinA,x
w(x,y) = < Z o X
w°D n=13.1n° (1 _ ANya )

N,yn?b?
9 (1 _ Y2[(Brtup*+Bop) chBny—(Bgtu® +Byp)chany] ) (24)
B4B;—B;Bg )

Option II.

o

4qb* sind,x
’ = X
R
x (1 _ wz[(B7tu1/12+BZM)COSﬁny+(B9tuw2_Beﬂ)Ch‘an] )

4N,a?
5 _ X
n (1 Nanzbz)
BgB7+B3Bg
In (24) and (25) the following indication is presented
By = (4§% — wp*)ch§, Bg = (4n* — wp*)chn, By = (4n* + uyp*)cosn (26)

N,
N

(25)
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Figure 2. Graph of the dependence of the deflection in the center of the plate on the
data N,.
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Figure 2 illustrates, according to
formulas (24) and (25), a graph of the
dependence of the deflection in the
center of the plate on the data N,. In
construction used formula a=b, n=1,
P =0, u=0,3.50lid lines refer to cases
when shear deformation is taken into
account during bending of reinforcing
bars k,a=10). Dashed lines are
constructed without taking into account
shear (k,a = o). From the graph it can be
seen that the differences in the
boundary conditions at the ends of the
rods (hinged support, i.e. d, =1 or rigid
pinching, i.e.d, =1 —%) significantly
affects the deflection level. Thus, Figure
2 reveals that in order to achieve the
same value of relative deflection in the
center of the plate (for example, 0.2 )
with hinged fastening and pinching of
the ends of the reinforcing rods, it is
necessary in the latter case to increase
the compressive force by about 2 times.

Conclusion

For square (or nearly square) plates,
there is little effect from accounting for shear
deformation during the bending of the
reinforcing bars on the intensity of elastic
pinching of the edges. However, for extended
plates, accounting for the aforementioned issue
can modify the qualitative perception of the
plate curvature as well as drastically reduce the
critical load parameters (change the number of
half-waves).
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