SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

On the Stresses in Laterally Loaded Plates

SUHARA, Tashiro

Research Institute for Applied Mechanics, Kyushu University

https://doi.org/10.5109/7160830

HRI1EZR : Reports of Research Institute for Applied Mechanics. 3 (12), pp.180-183, 1955-03.
Research Institute for Applied Mechanics, Kyushu University
N— 30

HEFIBAMR

2 KYUSHU UNIVERSITY




Reports of Research Institute for Applied Mechanics
Vol. III, No. 12 March, 1955

On the Stresses in Laterally Loaded Plates

By Toshiro SUHARA

1. Three dimensional stress distribution is claculated in the case of the plate bent
by lateral loads. Considering an infinite plate loaded on one face by the pressure
P(r,0) which is expressible by Neumann’s integral form(
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we have to obtain the expressions for
stress components in cylindrical polar z
coordinates.

2. For the sake of convenience we
proceed to find particular solutions of
the fundamental equations of the present
problem in rectangular coordinate.

i) Equations of equilibrium.

(ﬁ/ﬁxj)a“ =0 (3).
ii) Conditions of compatibility in

terms of stress components in the ab-
sence of body forces.
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(1) The stresses in plates bent by the rotationally symmetrical loads have been
calculated by H. Jung; Z. angew. Math. Mech. Bd. 32, S. 46, 1952,

180



NOTES

where v is poisson’s ratio, @ = oy -+ oy+0,, and 40 =0

Hence d404;=0
{ii) Boundary conditions.
z':P(xyy)v fyz=72w=0 at z=n#
g, =0, Ty, = Ty = at z=—h

where 4 is half thickness of the plate.
In the beginning we define the functions ¢o, ¢o*, ¢1 and ¢1*, as follows,
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where K =« h.
A particular solution ¢? of the equation (5) which contents the condition,
o,=1, 7,,=7,,=0 at z2=27
0,=0, 7,,=7,,=0 at z=—#h }
is ozp — <¢0 + 2 §01) eiAa:+ipy’ (/1‘2 + uz — TZ)

From this equation and the equation (4)
0P = — (1 + V)% o * ety

Utilizing equations (3), (4), (8) and (9), we can get at first 2

the conditions (6') and then have remaining components o, o7, % ; that is,
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The desired expressions of the each of stress-components o,
tained making use of Fourier integral form,
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v, and P satisfying

(10).

o,, +++ are, therefore, ob-



182 T. SUHARA

o0

%= (a2 [ J J JP((Z, B)o,P e~ WB gl du do dB

0

_ 1 [
BRCE:
Y0

+ —ZI; @, ¥ (cos® ¢ + v sin® @)} eSO gy R (dd dR) k dx

oo

T T
J [ P(R, @) {(¢y + 2¢) cos® ¢

0’z

in which the following notations are used.

{x=rc030 {Azxcosdi o =R cos @ X— 0 = p COS ¢

y=rsinﬂ' /i—:lcsind)’ {B=Rsina>' {y—B=psin¢

Utilizing (10) and the formula
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and transforming (11) into cylindrical-polar coordinates, we have,
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> Watson; Theory of Bessel Function p. 124.
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where

1 —
g =vt+ 2o+ o p=V{R*F 7" —2R7 cos (0 — 0)}

¢ is the function of 7, 0, R, ® as shown in (12).

These are the solutions corresponding to the loads given by (1).

3. To evaluate the above integrals we expand J,(x¢) in the integrands as

:\.
—~
=
=}
~
3

JulEP) Imtu(ER) Jypu(£7) d* cos {(m+ #)(@ —0)} o
(Ep) a2 MR (R R)E T (kp)e d{cos(® — 0)}n :

where <, is defined to be equal to 2 when # is not zero and to be equal to 1 when =
is zero, and integrate term by term about the variable @, expressing PR, ®) in series
given by (2). The n th terms of the series calculated are, then,
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where G, and G, are given by (2). Remaining integrals about & can be easily evaluated
by the usual method of summing up the residues of functions f1, f, and g; in the upper
or lower half of complex x-plane.

(Received October 21, 1954)

) Watson; loc. cit., p. 362,





