19 Lateral deflections of circular plates

19.1 Introduction
In this chapter, consideration will be made of three classes of plate problem, namely
(i)  small deflections of plates, where the maximum deflection does not exceed half the plate
thickness, and the deflections are mainly due to the effects of flexure;

(ii) large deflections of plates, where the maximum deflection exceeds half the plate
thickness, and membrane effects become significant; and

(iii) very thick plates, where shear deflections are significant.
Plates take many and various forms from circular plates to rectangular ones, and from plates on

ships' decks to ones of arbitrary shape with cut-outs etc; however, in this chapter, considerations
will be made mostly of the small deflections of circular plates.

19.2 Plate differential equation, based on small deflection
elastic theory

Let, w be the out-of-plane deflection at any radius r, so that,

dw

— = 9
dr
and
dw @
drz dr
Also let
R, = tangential or circumferential radius of curvature at » = AC (see Figure 19.1).

radial or meridional radius of curvature atr = BC.

x
i
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Figure 19.1 Deflected form of a circular plate.

From standard small deflection theory of beams (see Chapter 13) it is evident that

or

From Figure 19.1 it can be seen that

R, = AC = r/8

or

Let z = the distance of any fibre on the plate from its neutral axis, so that

g, = radial strain = z . 1 (6, - vo)
R E

r
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(19.1)

(19.2)

(19.3)

(19.4)

(19.5)
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and

¢, = circumferential strain = -I—Z- (6, - vo,) (19.6)
t

ey | —

From equations (19.1) to (19.6) it can be shown that

o, == (1 +—v—)— £ (ﬂﬂe) (19.7)

r (1_v2) R, R, 1-v2\dr r '
E: ( i v) E: (e dB)

o, = —+—| = —+— (19.8)

-\ R TR (-2 e
where,
o, = radial stress due to bending
o, = circumferential stress due to bending

The tangential of circumferential bending moment per unit radial length is

M = f-"/z 6z dz

2

1
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txy
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i

120 -v) \r dr
therefore
2
All = D _9_+v£ = D lﬂ-#vdw (199)
r dr r dr dr?

where,

~
1]

plate thickness
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and

3
D = 2 S flexural rigidity

12(1 - v3

Similarly, the radial bending moment per unit circumferential length,

2
M = p|B W _ pldw , viw (19.10)
dr r dr? rdr

Substituting equation (19.9) and (19.10) into equations (19.7) and (19.8), the bending stresses
could be put in the following form:

o, =12M, xz/¢
and

o =12M xz/1 (19.11)

and the maximum stresses &, and &, will occur at the outer surfaces of the plate (ie, @z = +#2).
Therefore

-

o,

6M, /12 (19.12)
t

and

~

G, = 6M, /¢t (19.13)

The plate differential equation can now be obtained by considering the equilibrium of the plate
element of Figure 19.2.

Figure 19.2 Element of a circular plate.

Taking moments about the outer circumference of the element,

(M, + 8M) (r + &r) 39 - M, rdp - 2M, 8rsin62—(p—F rdpor = 0
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In the limit, this becomes
aMm,
M +r. —-M -Fr =0 (19.14)

-
r

Substituting equation (19.9) and (19.10) into equation (19.14),

r? r dr

or

which can be re-written in the form

d a8 _ F
;[(m). dr] . (19.15)

where F is the shearing force / unit circumferential length.

Equation (19.15) is known as the plate differential equation for circular plates.

For a horizontal plate subjected to a lateral pressure p per unit area and a concentrated load W
at the centre, F can be obtained from equilibrium considerations. Resolving ‘vertically’,

2rF = wr? op+ W

therefore

w
F = p?r + P (except at r = 0) (19.16)

Substituting equation (19.16) into equation (19.15),

pr, W

2 2nr

< lam __d("’)] -1
dr dr D

therefore
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1d(r) 1] p? W
- ( ) L PSR +C
r dar D| 4 2n

4 2 2
1 174 Wi
YL A LSRR L I )
D| 16 4n 8n 2
3
1 Wi Wi C
oo~ 2 Py, Pl ar (19.17)
D| 16 4n 8n 2 r
since,
Li—w— = e
dr
w = fe dr + C
hence,
4 2 2
Wi C
szo*er (in r—1)+ 14 +C, Inr+G; (19.18)
n
Note that
1
Ir Inrdr = 1Ld(rz)
2
2 2 2

=—Inr - L4—+ a constant (19.19)

Problem 19.1 Determine the maximum deflection and stress in a circular plate, clamped
around its circumference, when it is subjected to a centrally placed
concentrated load #.
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Solution

Putting p = 0 into equation (19.18),

2

2 Cr
wos X -+ s mrg
8nD 4
ﬂ: Wr(]nr—l)+Wr+—C-£+Ei
dr 4nD 8xD 2 r

as dw/dr cannotequalwat r = 0,C, = 0

atr=R,iw—=w=0
dr

therefore
2 2 C,R?
0 - WR Inr - WR . ot :
8nD 8nD 4
and
C.R
0=WR1nR—WR+WR+1
4nD 4nD 8D 2
Hence,
c, - X n-2mm
4nD
2 2 2 2 2
C3=—WRlnR+WR-WR+WR1nR=WR
8nD 8nD 16xD 8nD 16D
2 2 2 2 2
w:WRlnr—Wr+Wr—ernR+WR
8nD 8nD 167D 8nD 161D
or
_ WR?

16aD

Lot 2R [
R? R? R

The maximum deflection (W) occurs at r = 0
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. _ WR?
w
16nD

Substituting the derivatives of w into equations (19.9) and (19.10),

Problem 19.2  Determine the maximum deflection and stress that occur when a circular plate
clamped around its external circumference is subjected to a uniform lateral

pressure p.

Solution

From equation (19.18),
prt . C,r?

+C, Inr+ G
64D 4

aw pr’ Cyr 2

+ +

ar 16D 2 r

and
gz—w = 3pr2 + & - &
dr 16D 2 r?
atr = 0, il # o therefore C, = 0
dr
atr = R, w = d_w_ =0
dr

therefore
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4 C,R?
0 = pR3 + 2
16D 2
therefore
. p2
c, - LR
8D
4
c, - ER
64D
therefore
4 2)2
w = PRI, 2 (19.20)
64D R?

Substituting the appropriate derivatives of w into equations (19.9) and (19.10),

2 2
YRS 5 TR S S N (19.21)
4 16 R2
2 2
M= BRI gy (19.22)
! 16 R?
Maximum deflection (W) occurs atr = 0
4
W = é’fD (19.23)

By inspection it can be seen that the maximum bending moment is obtained from (19.21), when
r =R, ie.

M = pR%/8

r

and & = 6M,/t*
= 0.75pR* / ¢*
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Problem 19.3  Determine the expression for M, and M, in an annular disc, simply-supported
around its outer circumference, when it is subjected to a concentrated load W,
distributed around its inner circumference, as shown in Figure 19.3.

1

T
N
2

Figure 19.3 Annular disc.

W = total load around the inner circumference.

Solution

From equation (19.18),
2

2 Cr
w=Wr (Inr -1 + = +C,Inr+C,
8nD - ’
atr= R, w =0
or
2
WR5 C 2
0 = In R, -1}+—R5+C, In R, +C 19.24
8nD( 2 ) 2 2 2 2tL3 ( )
Now,
Cr C
aw Wr(ln _1)+Wr+._‘_+_2 (19.25)
dr 4nD 8nD 2 r
and,
2
d w C C
‘; = (ln r=1)+ + ad S S (19.26)
dr 4z AnD 8aD 2 2

A suitable boundary condition is that
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M =0 a r = R andat r = R,

but
2
M - Dp|&w ., rd
dr? r dr
therefore
C C
__n/_ (]_n Rl-l) + 3W+_1. -2
4nD 8D 2 R12
(19.27)
WR WR, CR, C
+ s ! (]n Rl-])+ 1, e, 2 0
R, |4nD 8D 2 R
and
C C
l(lnRz- 1) + W o2
4nD 8D 2 R22
(19.28)
WR WR, CR, C
+ Y 2 (ln R2 - ])+ LS S S 2 G
R, |4nD &D 2 R,
Solving equations (19.27) and (19.28) for C, and ¢,,
2 2
_ W Jz(Rz In R, - R/ In Rl) , 0 -v (19.29)
| .
4rD l (Rzz - Rlz) {1+
and
2,2
-w R R
c, - AV ‘)7 In |2 (19.30)
4nD (1 -v) (RZ. - Rl.) R,
C; is not required to determine expressions for M, and M,. Hence,
M = DWErD){(1 +v)2 Inr + (1 - v)}
(19.31)

+(CY2)(1 + V) - (Cyr?) + )
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and
M, = DWB8aD) {1 +v2 Inr - (1 - v}

!

(19.32)
+(Cf2) (1 + ) + [Cfr?) (1 - W)

Problem 19.4 A flat circular plate of radius R, is simply-supported concentrically by a tube
of radius R,, as shown in Figure 19.4. If the ‘internal’ portion of the plate is
subjected to a uniform pressure p, show that the central deflection 6 of the plate

is given by
B
64D R, 1 +v
o
RN
L.k
- 2R, -

I

Figure 19.4 Circular plate with a partial pressure load.

Solution

Now the shearing force per unit length F for » > R, is zero, and for r <R,,

F = pri2

so that the plate differential equation becomes

—————————— r<R --------= ~---pr>R ----

d |1 d( dw) pr

—_— e —| ) —— = e— = O

dr {rdr dr 2D

1 d{ aw

——(r—j -4 - B (19.33)
r dar dr 4D

For continuity at r = R,, the two expressions on the right of equation (19.33) must be equal, i.e.
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R
P +4 = B
4D
or
RZ
B - By (19.34)
4D
or
2 R
l —‘1— r iw_ = ﬂ_ + A = p 1 + A
r dr ar 4D 4D
or
3 R
i r ﬂ = L + Ar = P lr +
dr ar 4D 4D
which on integrating becomes,
4 2 R2p2 2
riw_:L+AL+C =plr+Ar + F
dr 16D 2 8D 2
aw pr° Ar C PR A
1 r
= - = = + +— 19.35
dr 16D 2 8D 2, (19:33)
at r = 0, ﬂ # o therefore C = 0
dr

For continuity at r = R, the value of the slope must be the same from both expressions on the
right of equation (19.35), i.e.

PR; 4R, PR AR
+ = +

16D 2 8D 2

1

F
4 —
Rl

therefore
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F = -pR;/(i6D) (19.36)
therefore
3 R, R*
aw or Ar PR, Ar PR,
aw _ Ar - LA 19.37
dr 16D 2 8D 2 16Dr (1937)

which on integrating becomes

4 2 R2r2 2 4
4 PR’r
w22 . =21 A R el (19.38)
64D 4 16D 4 16D

Now, there are three unknowns in equation (19.38), namely 4, G and H, and therefore, three
simultaneous equations are required to determine these unknowns. One equation can be obtained
by considering the continuity of watr = R, in equation (19.38), and the other two equations can
be obtained by considering boundary conditions.

One suitable boundary condition is that at » = R,, M, = 0, which can be obtained by

r

considering that portion of the plate where R, > r > R,, as follows:

2
aw _ PRir 4 PR,

dr 8D 2 16Dr
2 4
___dzw = pRl + 1_4- + pRl
dr? 8D 2 16Dr?
Now
dz
aw
M, = D| -+ 222
dr r dr
R: 4  pR} REr A R}
R F KRR . W AN e SN . (19.39)
8D 2 16Dr r 8D 2 16Dr
PRi A PRI
=D 1+v)+—(1+v)+ 1-
Now, at r = R, M, = 0; therefore
R: R!
il-(1+v)=-p—l(l~l»v)-pI (1 -v)
2 D
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or

2 4
R R -
A__Pl_Pl(l v)

4D 8DR22 1 +v

(19.40)

Another suitable boundary condition is that

aar = R, w =0

In this case, it will be necessary to consider only that portion of the plate where » < R, as follows:

aar = R, w =0

Therefore
R} AR}
0 = P_l 1 + G
64D 4
or
6
PR PR PR (1-v
G = +
64D 16D  3pppZ\ 1 +v
4 2 4 2
_ -PR, JPRI PR, 1 -v ﬁ
64D 141) spr2\1+v) | 4
or

R' RY (1 -
G SRS Il [ B Sl (19.41)
64D R \1+v

The central deflection 6 occurs at » = 0; hence, from (19.41),
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; - _{ (& (s -v)} (94
64D Rj \1+v

Problem 19.5 A flat circular plate of outer radius R, is clamped firmly around its outer
circumference. If aload W is applied concentrically to the plate, through a tube
of radius R, as shown in Figure 19.5, show that the central deflection & is

R 2
r fnf =]+ (Rzz - Rlz)
16nD R,

!
00

F— 2a, —~|

b= 2R, —

2
{0.115 WRYET?); —"2/ [0‘6211n [5) -0.436 + 0.0224 (5)

t r r

(=2}
i

AN

7

AN

Figure 19.5 Plate under an annular load.

Solution

Whenr <R, F = 0,and when R, > r> R, F = W/(2rr), so that the plate differential
equation becomes
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or
—d r.d_w = A = l Inr + B
r dr 2nD
aw
or d(,___) - A . Frinr g (19.43)
dr 2nD

From continuity considerations at » =R,, the two expressions on the right of equation (19.43) must
be equal, i.e.

w
A= ——hR, + 8B 19.44
2D ( )
On integrating equation (19.43),
2 2 2 2
rﬂ:Ar + C _u/_.t_]nr—r_ +Br + F
dr 2 2nD \ 2 4 2
or
aw A4 C Wi Br F
2L,z 4 (ln r--’-) A (19.45)
ar 2 r 4nD 2 2 r
atr= 0, i # « therefore C = 0
dr
From continuity considerations for dw/dr, atr = R,,
AR WR R BR
b ST PP S (U i (19.46)
2 4nD 2 2 R,
On integrating equation (19.46)
2 2 2 2 2
szr + G - W r—lnr—:——-r—+Br + Flnr+#
2 2rD \ 4 8 8
or
2 2
w = Ar + G r

82
(inr-1)+—+F Inr+H (19.47)
8nD 4
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From continuity considerations for w, at7 = R,
Ar? WR?

+ G =
2 8nD

2
1

BR
(nR-)+—L1+FInR+H  (1948)

In order to obtain the necessary number of simultaneous equations to determine the arbitrary
constants, it will be necessary to consider boundary considerations.

atr= R, — =0

therefore

WR BR
- 2w -2 e 22 L (19.49)
4nD 2 R
Also,atr = R, w = 0; therefore
WwR}: BR;
0 - LinR-1)+—2+Fh{R)+H (19.50)

8nD

Solving equations (19.46), (19.48), (19.49) and (19.50),

F = (19.51)

w
= o5 {-R}2 - Rl2 + RIn (R))}

and
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WR!  WR}
G = - + In (Rl) + H
8nD 8nD
WR? (R R R?
:_W12+ 1 (1)_W—-—2——1+R121n(R2)
81D 8nD | 2 2
w

167D

2
W 2 R, 2 2
G = In}—| + - R

doccursatr = 0, ie.

2
W 2 R, 2 2
6 = G = In| —| + - R

19.3 Large deflections of plates

If the maximum deflection of a plate exceeds half the plate thickness, the plate changes to a
shallow shell, and withstands much of the lateral load as a membrane, rather than as a flexural

structure.
For example, consider the membrane shown in Figure 19.6, which is subjected to uniform

lateral pressure p.
t w
t
]
1P
~
S— ~—
0.8

= ~+ R -

Figure 19.6 Portion of circular membrane.

Let
out-of-plane deflection at any radius r

3
"

membrane tension at a radius 7

Q
l

thickness of membrane

.
1]
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Resolving vertically,

c><t><21tr><-‘iw— = pxmr?
dr

or
v _ pr
dr 20t
or
2
w = pr + A
4ot
at r = R, w = 0; therefore
4 = PR
4ot
ie.
w = maximum deflection of membrane

W = -pRA4ct)

The change of meridional (or radial) length is given by

& = fds-fdr

where s is any length along the meridian

Using Pythagoras' theorem,

o/

f(arw2 +dr’f - far

1] - e

Expanding binomially and neglecting higher order terms,

N

477

(19.52)
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13l

8l =
(19.53)
1 [ aw)’
= = —\} ar
2 f[ dr]
Substituting the derivative of w, namely equation (19.52) into equation (19.53),
2
6l = L f R [ ﬂ) dr
2 Jo \ 20t (19.54)
= p’R(240%%)
but
€ = strain = — = —(o - vo)
or
03 B} E pZRZ
(1 - v) | 240%2
ie.
252
E R
o =3 £ (19.55)
T—v 24
but

6 = pRY@nw) (19.56)

From equations (19.55) and (19.56),
A\ 3
p - £ _[L)|2 (19.57)
3(1 -v)\RJ\R

According to small deflection theory of plates (19.23)

b (v
= 6R—f [%) (19.58)
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Thus, for the large deflections of clamped circular plates under lateral pressure, equations (19.57)
and (19.58) should be added together, as follows:

_ 64D i . 8 _t_ lv: 3
R [R] 31 - ) [R) (R) (19.59)

0.3, then (19.59) becomes

4 N N
PRZ . [21 4l + o065 |2 (19.60)
64Dt t t

where the second term in (19.60) represents the membrane effect, and the first term represents the
flexural effect.

When w/t = 0.5, the membrane effect is about 16.3% of the bending effect, but when v/t = 1,
the membrane effect becomes about 65% of the bending effect. The bending and membrane
effects are about the same when W/t = 1.24. A plot of the variation of w due to bending and due
to the combined effects of bending plus membrane stresses, is shown in Figure 19.7.

Ifv

)
2 |
L
&
S /
1.65
/ Small deflection theory
————— Large deflection theory
10 rL
0.581
vit
05 10 w

Figure 19.7 Small and large deflection theory.

19.3.1 Power series solution

This method of solution, which involves the use of data sheets, is based on a power series solution
of the fundamental equations governing the large deflection theory of circular plates.
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For a circular plate under a uniform lateral pressure p, the large deflection equations are given by
(19.61) to (19.63).

pd L 4|, av|l _ crﬁw_ + P (19.61)
dr |r dr dr dr 2

d

; (ro'r) -g, =0 (19.62)
d E ( dw)?

— (0 +o6)+ =| — = 0 19.63

2, o) L ( ) (1969

Way" has shown that to assist in the solution of equations (19.61) to (19.63), by the power series
method, it will be convenient to introduce the dimensionless ratio {, where

£ = r/R
or
r = CR
R = outer radius of disc

r = any value of radius between 0 and R

Substituting for ~ int (19.61):

1 d { (1 d(cm»} .88 PR

—— —

12(1 - v?) dER) IR d(GR) Eir 2Es?
or
14 {l < “(C")} _ SR | pR% (19.64)
120 -v) &L | & Et? 2E13

Inspecting (19.64), it can be seen that the LHS is dependent only on the slope 6.

Now

9 = — = —

aw
dr d(CR)

SWay, S., Bending of circular plates with large deflections, A.S.M.E., APM-56-12, 56, 1934.
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which, on substituting into (19.64), gives:

_l_i{iz[@(_w/'l} ] %[5)2M+£(5)45 (19.65)

12(1_v2)dc dc| dtg t d  E\t/) 2

(%) E(&) = 2]

are all dimensionless, and this feature will be used later on in the present chapter.
Substituting r, in terms of { into equation (19.62), equation (19.66) is obtained:

SaGIRC]

Similarly, substituting # in terms of { equation (19.63), equation (19.67) is obtained:

ERECI I

Equation (19.67) can be seen to be dependent orly on the deflected form of the plate.
The fundamental equations, which now appear as equations (19.65) to (19.67), can be put into
dimensionless form by introducing the following dimensionless variables:

but

X = rmt = (Rt
W = whit

U = ut

M = MuD

S, = o/E

S, = o/E

S, = ol/E

S, = oj/E

S, = p/E (19.68)
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g - v _ aw 19.69
dr ax (19.69)

or
W= deX (19.70)

Now from standard circular plate theory,

- 6D(de ve)
G = —|— 4 —

" t2 \dr r
and
¢+ 6D 6 a9
6, = —|—+v—
2 \r dar
Hence,
s - —J—(ﬁ +ﬁ] (19.71)
20 -v)lax X
and
1 ) a9
s/ = ———(—+v—) 19.72
Co2-v9\x A (19.72)

Now from elementary two-dimensional stress theory,

ukb
— = o, - vo,
’
or
U = X(S, - vS,) (19.73)

where u is the in-plane radial deflection at r.
Substituting equations (19.68) to (19.73) into equations (19.65) to (19.67), the fundamental
equations take the form of equations (19.74) to (19.76):
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1 d 1 e[ _ s, X+ 58 (19.74)
120 - v2) & X “ax 2
d(Xs
9ES) S =0 (19.75)
dx
92
X—p S+ 8)r = =0 (19.76)

Solution of equations (19.74) to (19.76) can be achieved through a power series solution.

Now S, is a symmetrical function, i.e. S(X) = S,(-X), so that it can be approximated in an
even series powers of X,

Furthermore, as 0 is antisymmetrical, i.e. 8(X) = -0(X), it can be expanded in an odd series
power of X. Let
S, = B, +BX*+BX'+ ...

r

and
B = CX+CX+CX° + ...
or
S, = Y Bx¥? (19.77)
i=1
and
8 = Y cx¥-! (19.78)
i=1

Now from equation (19.75)

d(xs -
S, = —('d;—-) = Y @i-1nBx¥-? (19.79)

i=1
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31
Power sernes
[ — lShr:;g:Iydellecuon theory—____
251
\Expenmenl
L]
EY
2
e
s
g 159
2
14
051
0 100 200
Pressure ratio ?p»(ﬁ)'
Figure 19.8 Central deflection versus pressure for a simply-supported plate.
Wo- feax = B || cx (19.80)
i=1 2i
Hence
— (2 -1 .
Sr/ - E (2i +v ) C,.XZ' 2 (19.81)
i1 201 - v
S,/ -y {t +v(2i - 1) Cx¥ -2 (1982

i=1 2(1 —vz)
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Now
U = X (S, - vSr)
- (19.83)

Y @Qi-1-vBXx¥ !
i=1

fori = 1,2,3,4 ~ o,

1.5+
—— Smalt deflection
theory
Experiment
14
= T Power series
% theory
g
o4
3
f=t
]
o
2
®
o}
0.5
0 100 200

p{2R )‘
Pressure ratio 'E_(_t

Figure 19.9 Central deflection versus pressure for an encastré plate.
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From equations (19.77) to (19.83), it can be seen that if B, and C, are known all quantities of
interest can readily be determined.

Way has shown that
k-1
B E C k-m
Bk - m =1
8kik - 1)

fork = 2,3,4etc. and

c, - 3 ‘V>k§_jl B,C
k k(k—l el m>="k -m

fork = 3,4, Setc. and

vyt S
c, 3(1—”[?1’+Blcl)

2

Once B, and C, are known, the other constants can be found. In fact, using this approach, Hewitt
and Tannent® have produced a set of curves which under uniform lateral pressure, as shown in
Figures 19.8 to 19.12. Hewitt and Tannent have also compared experiment and small deflection
theory with these curves.

19.4 Shear deflections of very thick plates

If a plate is very thick, so that membrane effects are insignificant, then it is possible that shear
deflections can become important.

For such cases, the bending effects and shear effects must be added together, as shown by
equation (19.84), which is rather similar to the method used for beams in Chapter 13,

)

6bcnding * 8shcar

which for a plate under uniform pressure p is

3 2
5 = pR {<, [%) vk, [%) } (19.84)

where &, and %, are constants.
From equations (19.84), it can be seen that 6, becomes important for large values of (#/R).

[ . .
Hewitt D A, Tannent } O, Large deflections of circular plates, Portsmouth Polytechnic Report M195, 1973-74.
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Figure 19.10 Central stress versus pressure for an encastré plate.
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Figure 19.11 Radial stresses near edge versus pressure for an encastré plate.
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Figure 19.12 Circumferential stresses versus pressure near edge for an encastré plate.



490 Lateral deflections of circular plates
Further problems (answers on page 694)
19.6 Determine an expression for the deflection of a circular plate of radius R, simply-

supported around its edges, and subjected to a centrally placed concentrated load W.

19.7 Determine expressions for the deflection and circumferential bending moments for a
circular plate of radius R, simply-supported around its edges and subjected to a uniform
pressure p.

19.8 Determine an expression for the maximum deflection of a simply-supported circular
plate, subjected to the loading shown in Figure 19.13.

| " |

’—_2R|'—.+

T

2A,

1

Figure 19.13 Simply-supported plate.

19.9 Determine expressions for the maximum deflection and bending moments for the
concentrically loaded circular plates of Figure 19.14(a) and (b).

.
7

L] Ll

b—2R,— —2R,—f .
= 2R, - = 2R, -
(a) Simply supported. (b) Clamped.

Figure 19.14 Problem 19.9



19.10

19.11

Further problems 49]

A flat circular plate of radius R is firmly clamped around its boundary. The plate has
stepped variation in its thickness, where the thickness inside a radius of (R/5) is so large
that its flexural stiffness may be considered to approach infinity. When the plate is
subjected to a pressure p over its entire surface, determine the maximum central
deflection and the maximum surface stress at any radius 7. v = 0.3.

If the loading of Example 19.9 were replaced by a centrally applied concentrated load
W, determine expressions for the central deflection and the maximum surface stress at
any radius r.



