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The aim of the authors of the present work *) consists in determining an influence
surface for deflection and other statical quantities like bending moments, twisting

moments and the shear forces of a plate, This problem is identical with that of the
determination of Green’s function for the above-mentioned quantities.

As is well known, the statical quantities for a plate in polar coordi-
nates can be expressed respectively by the following formulae:
a) bending moments

a2 wj 1 c'-)zu_,:
Mg == Nl ( +'r’ ¢ )]

. mj 19w, | 1 3%,
ity =[Sy L4 LT

b) twisting moments

o 19% 13w
My = N(lwv[ v 9rdg ”pr]

c) shearing forces

= QV w 19V%w
1:‘.1'=_ ar J! T‘Pu.f=_ r Bl) .
where w; is the deflection surface of the plate
Ens
B 12(1—9?)

where £ is the modulus of elasticity, » — Poisson’s ratio and 7 the thick-
ness of the plate.

*) This work will be published in ewfenso in the quarterly Archiwum Mechaniki

Stosowanej, 5 (1953), Nr 2.
189)
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The main task was to determine Green’s function for a wedge-shaped
plate of infinite radius resting freely on its edges — @ =0, and ¢ =a (Fig. 1).
The differential equation

VEV2w(r,0) =0 j=01II

of plate deflection was replaced by a sys-
tem of differential equations

V2wy(r, p) = Dy(r, p)
V2Q;(r,p)=0

where the index j=17 is related to region I
(0= % < 1) and the index j= II to region II

-
e=z=1

The function @(r,p) is.proportional to the sum of the bending mo-
ments (M, ;- My;) and can be presented in the following form:

) 3:. nk
(B;(?',g)):—-L 2 % sin 2k sin nk @ for o<1,

(1 a) Nﬂ: n=l43...
Doy (r, c;o)=£ 2' gunksin nk sin nk for oz=1
u Nn = ¥ =2
where
7 %
b= =

or in the closed form

e P cosh (% In g) — cos k(p — )
(Lb) @, )= " 4Nz 8 cosh (£ In @) — cos k(p + )

A simple calculation shows that the following relations exist hetween
certain differential operations on function w; and function @ and its first
derivatives:

for g2 1.

1 1 duy I 9 wj Qﬁj
1 9%w; 1 129
Rz 99 — 9 f+ @_9 )9—9'1

1 9%w; 1 9wy " oW,

g anss g 5~ 5y

Hence the statical quantities for a wedge-shaped plate of infinite ra-

dins charged with a concentrated force, and their influence surfaces can
be represented by means of the function @ and its derivatives.
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And so we get:

1—w
e

do |’

@

142 1— o
My, ;= _N[% P ———(—e¢™ 5;1]:

1—w» o0

Mrw,J=_N[ T (1“94)9—%;1]:
NOD
e o, 2
e R 99,
N oo,

T@l.’:_"gﬁ‘a?o

I'ig. 2a represents the influence surface 87nM,; Fig.2b shows the influence
surface 87mM, at a point (R,7n/8) for a wedge-shaped plate with central

angle m/4.

Fig, 2a

The solution for a wedge of infinite radius contains, as a particular

case, A, Nadai’s [1] solution for a infinite plate band.

The solutions obtained for a wedge-shaped plate were used to de-
termine Green’s function for a plate shaped as a flat ring sector. The
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solution for the deflection surface was represented as the sum of two
functions:

(3) w=w; -} w,.

Fig. 2b

Here w; is Green’s function for a wedge-shaped plate of infinite radius
and function w, takes into account the boundary conditions at the edges.
These particular cases where the section
forces can be represented in closed form
were elaborated in. detail.

a. Plate in the form of a circular sector
and resting freely on its edges ¢ =0 and
p=ua and clamped on an arcr» = R,.

A solution was obtained using equa-
tion (3). All the statical quantities de-
termined for function w; are given when
discussing the case of a infinite wedge-
shaped plate. We give here only the deriva-

Fig. 8 tives of the supplementary function #, accord-
ing to formula (3) by means of which we
are able to determine the statical quantities of the plate.

Thus:

1, 190 . . 1o \
EoE 3 5{’—13—9@9 — 0307 — 3007 — 7 7 (L —eite*—eter®,
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1 ({1 duw, 1 3%01__1; 1:9& it
E(§W+EW)“ gq.__ (30 007 +
1 92 g
tigpl—a+e—aar),
: aw
4) Vowy=—T -v-agfe—w;z),
1 2w, 1 Qw;) 1 9 g Al — =
e Sl 2 O i LR N (R S
where
Ity
2:51
but :
P cosh (1In go %) — cos &k (p — )
(5) w(‘?:‘p}= i

T 4Nn = cosh (& In go;% — cos & (p + %)

b. For the Fig. 4 plate we introduce a new function

Fig. 4

P cosh (k1n go7®) —cos & (p — )

(6) 00:9)=— 7= " oosh (k& In go7?) — cos & (p 4 )
where
_&
0= R 2

In this case a solution was also obtained by using equation (3). The fol-
lowing relations exist between function @(g,p) and the derivatives of
function w,:

1 2w, 1 1960 o _ 1 9? i
B 9¢* _EQ 490 70 (40 —efe™ —3eer®) — 4 9¢? A=eit et —eer?,
193{.’] ]9101 . 1 19 = —8
FEW+?W =—50— g7, —eer) +

18@

t1at—eit ¢*—e*er?),
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20

(7 ngl———g‘—-g“ft’—i’@ %))
1 (1 %, 1 9wy 196 B 1 920 -3 @ st
g sass g 39) = i3 ) 5 g~ e — el

c. Finally, let us consider the case of a wedge-shaped plate (Fig. b)
charged with a force P and additionally supported on a curvilinear support

I'ig. B

r==R,. The solution was obtained in this case by using the method of
integral equations [2] for plates with mixed boundary conditions. If > Ry,

L e if a fonce P is placed in region /I, the plate deflection is expressed
in the closed form by:

] 2\ [ p2 : — B
B ol m—— PR (] _ _TL) (% " l) In GOETh (k1Ing)— cos k(g t,b).
32 Nn B \R} cosh (& 1ng) — cos k(p + )

The deflection in region I7 is expressed by different series for » > R

and r <R, but their derivatives can be added up and presented in the closed
form:

no@ 1 20
Rz(agz)“_ ¥ “——--[(1+9 )8 +(2¢—ete™ — ¢o”) 99]
920
——tl—i-e”—e 0 = T
19w - lc’-Jw__l E v . .28
13(59—9'{‘@;59?)—3 (9 0 1)—-—~[(l+912)®+(929 —og; 2}39]‘5‘
2@
+gﬂ+92*92(’|_2—9?)w:
5, 1 . 20
; (Lie_w__l L
£\ 9909 559?5)

1 00 1 B . ) 220
=zf‘—9 %‘g“g[(l—? 2+0T“—9;9")@+(9+9*‘—oer*we, “')559—?;]
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The function @ is expressed by formula (1) and @ by formula (6).

If in the given cases (a to ¢) we pass for @ to —0 and for R, to
—o00, we shall obtain solutions for the semi-infinite strip or the well-
known solution of S. Wojnowsky-Krieger [3] for a strip with additional rec-
tilinear support.

A knowledge of influence surfaces in the plate systems we have been
discussing makes possible to determine deflections and statical quantities for
arbitrary plate charges.
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