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SUMMARY

The solution of von Kérmén's fundamental equations
for large deflections of plates is presented for the case
of a 51mnly supported "ectanbular plate under conmbined
edge comnpression and lateral loading. Numerical solutions
are given for square plates and for rectangular plates with

a width—span ratio of 3:1. The effective widths under e&ge
compression are compared with effective widths according
to von Kirman, Bengston, Harguerre, and Cox and with ex-
perimental results by Remberg, McPherson, and Levy. The
deflectionsg for a square plate under lateral pressure are
comparedld with experimental and theoretical results by
Kaiser. It is found that the effective widihs agree close-
ly with Marguerre's Fformula and with the experimentally ob-
served values and that the deflections agree with the ex-—
perimental results and with Kaiser'ls work,

In the design of thin plates that bend under lateral

and edge loasding, formulas based on the Kirchhoff theory
nich neglects stretching and shearing in the middle sur-—
1"a0° are quite satisfactory provided tha t the deflections

o

are small compared with the thickness. If deflections are
of the same orier as the thickness, the Xirchhoff theory
may yield results that are considerably in error and a more
rigorous theory that takes account of deformations in the
niddle surface should there ore be applied. The fundamen-—
tal equations for the more exact theory have been derived
by von Kirmdgn (reference l); a number of approximate solu-—
tions (references 2 to 7) have been developed for the case
of a rectangular plate. Thi paper presents a solution of
von Kédrmdn's equations in +el ne of trigonometric series.
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FUNDAMENTAL EQUATIONS
Symbols
An initially flat rectangular plate of uniform thicke

ness will be considered., The symbols have the following
significance:

a plate length in x~direction

b plate leﬁgth in y-~direction

h plate thickness

P, normal pressure

w vértical displacement of points of the middle surface
B Young'l!s modulus

M Poiséon's ratio

x,y coordinate axes with origin at corner of plate

1.3 e o = o
D = Eh =7 flexural rigidity of the plate
2(1 - u?)
F stress function

Subscripts k, m, n, p, q, r, s, and t  represent in-
te ?ers.

)

Tensile loads, stresses, and strains will be given
as positive values and compressive loads stresses, and
strains will be designated by a negatlve sign
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Equations for the Deformation of Thin Plates

The fundamental equations governlng +ne deformation
of thin plates were developed by ven KérmAn in reference 1.
They are given by Timoshenko (reference 4, pp. 322- 323) in
esscntially the following form:

2
a4y 8 3ty + 3%y _ 3 lr aaw> _ aaw'aaw} 1y
aX4 axgayz ay‘é X3y aKB ave ‘.
a W + 2 84w a W _ Pz%h A2F 3w . aZF 82’&*-! , agF 2 >
ax* 3x2y° ay D D 3}'? 3%x2 3ax~? v@,yg_ ® 3%y sy

(2)

where the median~Tiber stresscs are

agr 2. 527
c & H .
1 — ! - e T! — e 3
Ox ava, Gy a:'a’ X2 J O3XOY ( )
and the median-—fliber strains are
S e o)
, oy - L@z, %y
q 25 '\E‘F\
ey =2 (EE - wSE)> (4)
E “Ox oy
.. 2
2(1 + p) o F
’Y!x,v = - —
&t i XAy
gy
The cxtrome—~Ffiber bending and shecaring stresscs are
- -\2 [ .j
" Eh (3w ., . 3w
O'x T T 2y 527 Y 557
2(1 - p7) 9Ox oy
Bh 3‘1_ . \B.w, | .
o' = - . <a;+p¢_°a s (8)
“ 2(1 ~ p ) “OF - ax
o = L Ih 32w
T =
>y 2(1 + p) oxdy B
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General Solution for Simply Supported Rectangular Plate

A solution of equations (1) and (2) for a simply sup-
ported rectangular plate must satisfy the following bound-
ary conditions. The deflection w and the edge bending
moment per unit length are zero at the edges of the plate,

2 2
My = « D <§¥g + B ? g\ = 0, when x = 0, X = a )
ox oy / .

a 2

\ay2 ox

These conditiens are satisfied by the Fourier series

[oo] oo
. * Trx . ’]Ty
w o= > W, gin m —— sin n == (6)
il o n a b
Lo ;

M=1,2,3¢ees M=1
a

The normal pressure me expressed as a Fourier series

g @ w[
@

X T
gin r — sin s oy (7)
a b

1
[~

o) foed h

T [; Pr,s
_ r=1,2,3... 871

By substitution equa

* » 0

3
]
tion (1) is found to be satisfied

if
_ co co
5 y2 P _x* !
T = e X — < -+ >
2 2 ,
P=0,1432600 d=03132ewe
mx my
b cos P cos q — (8)
i ] a b

where P

bid N
pressure in the x— and the y-direction (see equation (3))
and where

are constants equal to the average nmembrane

J |

i - : S
by, g = R = (3, 4B, +B,+B, +B5+Bg+B, +B5+Bg)
* 4 (Pe b 2 a v

_._+q

- "1

a o}

and
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E*l q-1 . .
N | it (pmtc) (gt ) =kc? (gt ) 2
kt (p-k -t ) q= i w :
) E; | P Q=1 1 ky,t (p=k),(q~t)
k=1 t=1
_ if q # 0 and p # O )
0, if g =0 or p =20
&b q-1 .
« | 2 2 t
x.+ - - o E
Z; @w(k p)(g=t)+k"(q-t) ] wk,tw(k+p),(q~t)
k=1 t=1 v
Lif g £ 0
O, if ¢ = O
o q=3
- 2 2
DI 1{“ — T Lad 1w g
Z ,_(k+p)\,’c)(~-)(q ) +(k+p) (a-t) J"(}:er),t”k,(q.»-t)
k=1 t=1 ] o
if g # 0 and p # O
60, if q =0 or p = 0
p-1 oo
:ﬁ N Kt (pek) (b)) +k (t+q) 21 Wy W .
/. ' (p~41€> ’ (t"‘C_[_)
k=1 t=x
if » # 0
0, if = 0

r . 2 3]
—~k)t+tk b o 3
lk(t+Q)(P k) b+l e (t4+q) T (p=k), b

if q # 0 and

| _ -
kt (kap) ($+0) =k (5+a) " | wy
- “ i ! - ’

£ 9 (icp ), (£4+a)

if g 7 O
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[oe} o
= i «-.22. : :
B E; zi, [k‘?+q)<kfp>t k ?,} i, () " (k+p) , b

k=1 t=1
if a4 # 0 and p # O
B, =0, if qg=0 or p =0
‘ 2 e ) . .
B, = ;i . [(k+p)tk(t+q)—(k+p) (t+q) ] Veep), 7k, (b4d)
k=1 ~t.::]_ .
if 9 #0 or p # 0
Bg = 0, if aq = 0 and p = O
@ o
B ' (1c4+p) (t+q) kb= (ktp)
k=1 t=1
if p #£ O
Equation (2) is satisfied if
: 2 5 2 Wg q 2 'IT‘E — = "ITB
= Dw (? — 4+ s --> - p_hw r® = - p_hw §°
Pr,s T'yS ag = Px T, s az Y TS 2
4 j' * S 2
———-}}Tr [’ fol 1~ 1 ‘]
+ 4:a2b2 3.‘ Z ; L(u t)*‘—(r ;{)JGJ -b(rﬂlf),(Sﬂ't)Wk"b
. L‘ k=1 t=1
e, 90 - -2
‘ N p _
S B pZ, [ PUermImRGEEs) I P e (e, (54)
el e T 2 |
+ kgo tzl (k+r) (t+s)=Xkt @EJt+s) Y ar), b
o o ' - .
+ 1/__21 tzo ‘bk-—-(k+r)(t+s) .b(k"—r),t‘vl’:,('b*}'S)
(o] oo :r' -8
- kzl tél L(t+s)k—(k+r)t b(k+r),(t+s)wk,t
g je<] ~ y a
-— 1 — X
k§1 téo L bl (r k)\t+sﬂ b(r—k),twk,(t+s)
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r o) r~ -2 )
+ k§1 ﬁ§1 —(t+s)kf(r—k)t‘ Dpix), (bas) Vi, b
oo S - )
- % 3z (s=t) (k4r)+tl | by (oot)W(k4r),+ .
k=0 %=1 [ 3 ’ _ ?
- s e 1 :
+ k}él tE:L (get) i+t (ktr) bf’(k—l—r),(So—’G)Wk,ﬁ'} <9)

SPECIFIC SOLUTION FOR SQUARE PLATE WITH

SYIMETRICAL NORMAL PRESSURE (w = 0.316)

Equation (9) represents a doubly infinite Ffamily of
equations. In each of the equations of the family the

coefficients bp’q may be replaced by their values as

ziven by equation (8). The resulting equations will ine
volve the known normal wnressure coefficlents the

._r,Sv
cubes of the deflection coefficients w and the known

- . m,n?
average membrane pressures in the z- and the y-directions
N
v

fi‘ and Ey;- ;espectively. The number of these equations
is equal to the number of unknown deflection coefficients
Wm,n- '

In the solution of the following problems, the first
six equations of the family of equation (9) that do not
reduce to the indeterminate form O = 0 will be usecd to
.solve for the first six deflection coefficients Wy 1
Wi, 3 Wy 19 Wz o V1,5 and Vg, q e The rest of the de-—

flection coefficients will be assumed to be zero. This
assunption of a Pinite number of coefficients introduces
an error into the solution. In each problem the magni-
“tude of this error will be checked by comparing results
as the number of equations used in the solution is in-
creased from one to six,.

The resultant load must be constant in the x- and in
the y—directiod and the boundaries of the plate must re-
main straight.: The first condition follows directly from
the substitution of equations (3) and (8) in the following
expressionsg for the total load:i o ‘ ‘




8 NACA Technical Note Ho. 846

v ~
Load 4in x—direction =\//)iﬁ 6'Xdy = - Exbh E
» ° 4 ‘_ > (10)
Load in y—direction‘=;/[) h 0'ydx = - Eyah
o : U

The second condition was checked by the substitution of
equations (4), (6), and (8) in the following eguations:

a
Displacenent of edges in x—dircection = | "o- oz QEE dx
pla mnen of edges in X rectio = €y 5 \5x
‘o
. . o oo fes)
Py Pya  m® ST ‘
o 2 2
8 "8 T8 L fyn | )
m=1 n=1 b .
v P 1 3w\
Displacement of edges in y-direction = lf’v - - <—~ dy
2 © 2 ay .
. 0 '
. . (00] oo
Py D Pxb  m?
S AR . S y nfy. 2 (12)
E B 8b - m,n

~W=1 - n=1

Equations (10) to (12) are independent of x and ¥,
thus showing that the conditions of constant load and con-
stant edge displacenent are satigfied by equations (6)
and (8). ' Co '

The stress coefficients bp,q obtained from equation
=9

18) for =a square plate a = b are given in table I.
Poisson's ratio was chosen as W = ,/0.1 = 0.316 for con-

venience of computation and because it is characteristic
of aluninum alloys. Substitution of these stress coeffi-~
cients in equation (9) gives the equations in table II re-
lating the pressure coefficients Pr,s» the average Nelie

—

brane pressures in the x- and the y-directions Ppx and P
and the deflection coefficients wy . 4&s an example of

the use of table II, the first few terms in the first equa-
tion are

y,
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. — 3 —_ 4
0 = - E~gi¢l + 0.37 Wi _ Px% M1, Pga 5 Y1,
ﬁéEh4 h ngh? h m EBh h
' w > 2w, ‘
+ 0.125 (—?ﬁ-—i) - 0,1875 ( 1’-> '-lh"’— - vee (13)

It will be noted that the equations in table II are ‘
cubics and therefore their solution gives three values '
for each of the deflection coefficients 1wy Ly Some of

these values correspond to stable equlllbrluﬂ, while the
remaining values arec either imaginary or correspond to un—
stable equilibrium. Fortunately, if the equations 1in
table I are solved by a ncthod of successive approxima-
tiony the successive aﬁproxlnatlons will converge on a
solution cor”esbondlng to stable equilibriunm,

BEdgze Compression in One Direction, Squarc Plate

The following results apply to qu°rO plates loaded
by edge compression in the x-direction as shown in figure 1.

The normal pressure p, and the edge conmnpression in
the y-~direction pyah are zero. The nmethod of obtaining
a solution of the equations in tabdblc II for this case coen-

1

o

S ] w

sists of assuning values of —2sl onad detcernining by suce
) A

cessive apDrOYlnatlon from theﬂr respective equations the

P a® w W w Cw.
1 3 1,5 )
correspondln" valucs of ’ 1.3, 2y 223, 1=, and

3
h el 1 h h
W5 1 . E“ . &

=2, These calculations have becn made for 16 valucs of

h
w, .- -
—%?i 1ncrcas1nb by incroenents of 0.25 from O to 4,003 the

results arc given in table ITII and figurc 2.

The membrane stress coefficients werewcomputed from
table I and table III with the results given in table IV,
The membrane stresses for the corner of the plate, the
centers of the edges, and the center of the plate were
then computed from equation (3) and equation (8) with the
results given in figure 3. At the maxinum load computed,
the membrane stress at the corner is almost three times
the average compressive stress Dp..
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 The extreme-~fiber bending and shearlng stresses for
the center and the corners of the plate were computed from
equations (5), equation (6), and table III with the re-—
sults given in figure 4. At the maximum load computed,
the bending produces a maximum extreme-fiber stress at
the corners of the plate. This stress is directed at 45
to the x and the y axes and has a value of about 11 tinmes
the average median-fiber compression Px'

The ratio of the effective width %o the initial width
(defined as the ratio of the actual load carried by the
plate to the 1load the plate would have carried if the
stress had been uniforn and equal to the Young's modulus
times the average edge strain) was computed from equation
(11) and table III with the results given in figurc 5. At
the maximum load computed, the average cdge strain is 13,5
tinecs the critical strain and the ratio of the off00u1vo
width to the initial width is 0,434, '

As a mcasure of the error rcsulting from the usc of
only six of the equations in thc forcgoing solution, the
results obtained by using one, threcc, four, and six of the
cquations of the fallly of cauation (9) arc given in table
Ve Thc convergence is rapid and the samc rcsult is obtained
with four couations as with six cquatioas,

Uniforn Wormal Pressure, Sguarc Plate,
Edge Conprcssion Zcro

The following results apply to sguarc plates loaded
by a uniform normnal pressurc as shown in figurc 6.

Poissonls ratio @ ig assuncd to be 0.316. The cdge
compressions in the x—-dircection TPpyah and in the y-
dircction pyah arc zcroe. The uniforn normal pressurc is
p. The expansion of this pressure in a 'Fourier series as
shown in equation (7) gives pressure coefficients P

1 A .
= - ~> p. The nethod of obtaining a solution of the
rs N S ] , ,

T,s

equations in "table II "for thls case con31st of assuning

values of ~£L£ and determlnlng‘by successive approxinae

w

tion from their respective equations the corresponding
4

na w W W w w
values of “4, 3{3’ i’l, iﬁ3, }’5, and V5,1, These
Eh - n

Iy
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Wi,1 .,
——==  ine

calculations have been nade for Qight values of

creasing by increnents of 0,50 from O to 4,00 with the re-—

sults giliven in table VI and figure 7.
The membrane stress coefficients have been computed

from table I and table VI with the results given in table

VII. The membrane stresses have been computed from table

VII, equations (3), and equation (8) for the corner. of the

plate, the centers of the edges, and the center of the

plate with the results given in figure 8., The compressive

- membrane stress at the corner of the plate is seen to ex-

ceed consistently the tensile membrane stress at the center.

The extreme~fiber bending stresses have been computed
from equations (5), equation (6), and table VI for the cen-
ter and the corners of the plate with the results given in
figure 9., Comparison of figures 8 and 9 shows that the
ratio of membrane stresses to extreme-fiber bending or
shearing stresses increases rapidly with increasing pres-
sure. The two types of stresses are of the same order of

. pa?
mnagnitude at == = 400.

Eh

As a2 measure of the rapidity of convergence, the re-
gults obtained by solving with one, three, and six equa-
tions of the family of equation (9) are given in table
VIII, The convergence of the value of the pressure is
rapid and monotonic,. In the case of the center deflection,
the convergence, however, is oscillatory. For small pres-
sures the amplitude of oscillation rapidly decreases (refe
erence 4, p. 316). For larger pressurces the decrease in
anplitude of oscillation is less rapid, as 1s indicated by
table VIII(Db), but an estimate of the asymptotic value
may be oBtained by noting that this value, 1f it exists,
must lie between the value at any particular maximun (nin-
inum) and the average of that maxinun (mininun) with the
preceding nininun (naxinun) ., Since the next four equa-

. . . . Wy 7 Wp .1 Wzs . W
tions in the series, giving —?i-d 2 3{ sy and —Tfi
will cause a decrease in Ycenter, the correct value of

, — , -
' . . : T .
“QQ%EQL nust lie between 2.704 (the average of 2.666 and
'paé- . s N )
2.743) and 2,743 when Eix = 247. At higher values of
a _ . T

=7 - . i s ) -
iwzu it nay be necessary to use the first ten equations
h : , .
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of the family of equation (9) to get a solution accurate
to within 1 percent for‘center deflection.

Uniform Normal Pressure, Square Plate,
Edge Displacement Zero

The following results apply to square plates loaded
by a uniform normal pressure as shown in figure 10.-
Poisson's ratio W 1is assumed to be 0,316, The average
edge tensions in the x— and the y—directions =Dy and
fy arc obtained from equations (11) and (12) by setting

the edge displacement equal to zero.

v - ' .
2 £ 2 2
D a - Pya® g 5 <ym,n>
pr T A
* e -
£ Eh M, n
o
pe g 2
b,a DB e :ﬂ 2 m,n
- g 4 7 = 5/ n® oA\
Eh Eh 8 h
m. n

3

The average tonsion —-py and =p, are then substi-

s
. . - w .
tuted in the equations of table II, a value of st is

N h
assumed o#l the corresponding valucs of ! 22, 2=
& . h
Eh h
Wz, 3 W1,5 Ws,1 . ..
1’ ! 1 and4~3f—- are determinced by successlve approXe
h h -

imation from their respective equations. These calculations

W . -
have been made for four values of ~%fi increasing by ine

crements of 0050 from 0 %o 2,00 with the results givenmin
table IX and figure 11,

The membrane stress coefficients have been computed
from table I and table IX with the results given in table
X. The membrane stresses have been compubted from table
X, equations {(3), and equation (8) for the corner of the
plate, the centers of the edges, and the center of the
plates the results are given in figure 12. The tensile
membrane stress at the center of the edge is seen to be
slightly greater than the tensile membrane stress at the
center,




NACA Technical NVote No. 846 13

The extreme~fiber bending stresses have been computed
from equations (5), equation (6), and table IX for the cen-
ter and the corners of the plate with the results given in
figure 13. Comparison of figures 12 and 13 indicates that
bending and membrane stresses at the center of the plate
are approximately the same at the maximum loads considered,

As a measure of the, rapidity of convergence, the ro-
sults obtained by using one, three, and six equations of
the family of equation (9) are given in table XI. The '
convergence of the value of the pressure is both rapid and
monotonice, In the case of the center deflection, the conver-
gence is oscillatory. For small pressures, this oscilla-
tion decreased rapidly (reference 4, p. 316). TFor larger
pressures the decrease in amplitude of oscillation is less
rapid, as is indicated by table XI(b), but an estimate of R
the asymptotic value may be obtained by noting that this
value, if it exists, must lie between the value at any
particular maximum (minimum) and the average of that maxw
inun (minimum) with the preceding nininmunm (maxinun) ..

w w w
1,7, 7.1, 3,5,

Si ) ati § o
ince the next four equations for 5 N h

W . ‘ w
"?fé will cause n decrease in —C8BEET  4ye correct value

h

Won s
of —LenEeT  uct 1ie between 1.827 (average of 1,807 and

-

L1 oS
1.846) and 1.846 when §f4 = 278.5. At higher values of

pal

pat
En*
the fanily of equation (9) to get a solution accurate to
within 1 percent for center deflection,

it may be necessary to use the first ten equations of

Conbined Uniforn Lateral Pressure and
Edge Conpression in One Dircction, Sguarc Plate

c plates with

The following results apply bto sguar
sinply supported cdges loaded by o uniform normal pros—
sure P and by edge conpression in the x~direction as
sho

Poisson's rotio B is again assumcd to be 0.316. The
cdge compression in the y—~dircction §yah is zero. The
method of obtaining a solution of the cquations in table

4
P

IT for this case consists of assuning valucs of - and

h
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—%Ll and determnining by successive approximations fron
N :

their respective equations the corresponding values of

- 2 .

a W w W W T Wy s

Px = —1,3, ﬁ;l, 3.3, 1,5, and 551 « These calcu-
Eh< h ! h ,

lations have been made for two values of

pa*
29.5 and for five values of Yi,1 . and hence of Pxa
i ) N 8 Ehg,

' 4
. . a -
corresponding to each value of ;14 ; the results are
o

given in table XII,

The ratio of effective width to initial width has
been computed from equation (11) and table XII with the
results given in the last two colunns of table XII and in
figure 14, The reduction in effective width of square

plates duc to the addition of lateral load is seen %to be
a

. Ra o
appreciable for R > 2.25.

At}

As a measure of the convergence, the results obtained
by using one, three, four, and six of the equations in
table II are given in table XIII. The convergence is rapid
and nonotonic.

SPECIFIC SOLUTIOW FOR A RECTANGULAR PLATE (a = 3D)

WITHE NORMAL PRESSURE SYUMETRICAL TO AXES OF PLATE

2

The first two equations of the fanily of equation
(9) for the case of a rectansular plate whose length is
thrce tines itg width (a = 3b) are, for KB = 0.,316.
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B
LT U LA P SN A P
n*ELn? h on°En® L = EBh® h
‘ Vyo1 c : Wi cow 1 i Wiq Ws 1 v ¢
+ 0,0632 ( ? ) ~0.1873 < : > 222 40,267 — =) |
) . 5@ v B B
P Ps,1 - 0.370 321 _ ZX 3,1 _ 7 3,1 ~
mt*Eh* - ~h . g®fBn® n m°Eh® n
| (wi,&ji (Wl ljszs 1 ‘ ‘ <W' 55
- B . s Y~Re N - ) Y )
0.0625 \—; #0267 \— L +0.125 5 3

In the previous solutions a closc approxination was

Weenter
I
this rcason, in tho following problenm only the first two

equations, as given by equation (14), will bo used and

obtaincd with one equation as long as <1l, FTFor

the deflections will be linited to values of ~center - 7,

It should be noted that the two equations of (14) will be
adequate only as long as the normnal pressure can be de-—
secribed by the first two terms of equation (7):

Ty in 20X ur
+ E%,1‘ sin o sin B

For nmore comnplicated pressure distributions as well as for

w
center > 1,

h ‘
should be used.

nore equations of the fanily of equation. (9)

The following results apply to rectangular plates
(a = 3b) loaded by a uvuniforn lateral pressure p and by
edge comnpression acting on the shorter edges as shown in
“figure 15. ' . ‘

Poissonls ratieo p is taken as 0.316. The edge coii-
pregsion in the y-direction pyah 1is gero. The coeffi-
cients in the Fourier series for the pressure as

Prys
e . _ . 1 /4F -
given in equation (7) egqual (-) Pe  The nethod of ob-
rs \T

faining a2 solution of equations (14) for this case con-
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RS
pb” Wo g v
sists of assuming values of R and —?:f and determin-—
- . i o A
ing by successive approximation from their respective.
. _ A
Wq g pxb
equations the corresponding values of ——'= and —S5—%
. T : L + E oL
. o - . . ) pb*
These calculations have been made for 13 values of o
;
I
Ve 1 .o . . »
and “?f" with the results given in table XIV, The ra-

tio of effective width to initial width was computed from
equation (11) and table XIV, with the results given in
the last two columns of table XIV and in figure 16. The
reduction in effective width of rectangular plates

(a = 3b) due to the addition of lateral load is seen ‘to
be less than in the case of square plates (fig. 14).

COMPARISON WITH APPROXIMATE FORMULAS
Effective Width
Approximate formulas for -effective width have been
derived in references 2, 3, 6, and 7.

Marguerre (reference 2) expresses the deflection for

a square plate by a series similar to cauation (6). He

linits himself, however, %o Wy 1 Vg o3 and 1W3’3 and

in his numerical work requireg that W, o = =5 Wy o4 and
: ’ s H

that © = O, His stress function corresponds to the first

terms of equation (8), He uses the cnergy principle to

deteormine the values of Vi and Vg instead of the

. .

differcntial equation given as cguation (2) in the vpreose—
ent work, Margucrrcls approximatc solution given as
curve ¢ ia figure 17. It is cvident that, evon thoug
Margucrre has limitcd the number of hisg arbitrary paramnce—
ters to two and has taken @ = 0, his rcsults arc in ox-
cellent agrccment with the results obtaincd in the prescn?t

pete
2]

™ . N 3 - N .
papcr. Marguerrels approximate formula bc/b"c V/ecr/e is
given as curve Db.. Thisg curve checks withia about 7 pore
cent with the-cxaet results. ,

Bengston (refercnce 3) assumcs a sinusoidal deflcce—
tion cquivalcnt to the first toerm in cquatirn (6) in his
solution for a sqlarc platc. He thon chooscs his displacoce—
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ments so that the strain at the supported edges is uniform
but, in order to do so, he violates equation (1). Owing to
the method of chooging the displacements, however, the re-
sulting errors should be small, -The energy principle ig
then used to obtain the solution, In order to take ace
count of secondary bduckling, it 1s assumed that buckling

of 1/3 and 1/9 the original wave length will occur inde-
pendently and that the resulting effective width will Dbe
the product of each of. the separate effective widths. Fi-~
nally, an envelope curve to the effective widths thus cone
structed 1s drawn. This curve is given as curve d in
figure 17, It differs less than 7 percent from the effcc~
tive widths obtained in this paper. The fact that Beng-
stonls values are lower indicates that the increased
strength which shotld result from the conditions of uni-
form strain at the edges is lost due to the approximate
method of taking account of secondary buckling,

The well-known formula of von Kirmin (see reference 7)
be/b = v €cr/ € is plotted as curve a in figure 17. It

is in good agreement with the effective widths obtained in
this paper for small values of the ratio ﬁe/eér but is
about 20 percent low for e¢/egop = 4. '

Cox (reference 6) in his solution for the simply sup-
ported square plate uses energy methods together with the
approximation that the strain is uniform aléng the entire
length of a narrow element of the panel. The effective-
width curve thus obtained is plotted in figure 17 as curve
e. It gives effective widths 10 to 20 percent below those
obtained in this paper,

Deflection under Latecral Pressure

Navier's solution for the stimply supported square
plate with small deflections {(linear theory), given in-
reference 9, is included in figures 7, 9, 11, and 13, It
is scen that for small deflections the solution given in
this paper is in agreement with Navier's lincar theory,

Kaiscr (reference 5) converted von XKirmén's differene
tial cquations into difference equabtions and calculated
deflections and stresses for a square plate under constant
pressure assumning simple support at the edges with zero

- . w
menbrane stress. He obtained WQQ%EQL = 24,47 for




18 FACA Technical Wote o, 846

pa? e . . ,

" = 118,8, This center deflection is about 25 percen?
1

higher than the curve in figure 7: this difference 1s prob-
ably due to the fact tnat Kaiser allows distortion of pb»
edges of the plate. The membrane stresses calculated Dby
Kaiser are about one~fifthas large as those given in the
present paper. This fact, as well as a Complrl son of fig
ures 8 and 12, indicates the large influence of edge con-
ditions on the membrane stresses

 COMPARISON WITH EXPbRIMEBTAL RESULTS

Effective Width

Extensive experiments oq two alunminum—alloy sheet-—
stringer panels 16 inches wide, 19 inches long, and 0.070
and 0,025 inch in thickness are reported in reference 8.
The sheet of the 0.,070-inch panel was 245-T alclad alumi-
nurn-alloy and the 0.025-inch panel was 245-7 alumianum-
alloy sheet. The panels were re inforced by stringers
(0.13 sqg in. in area) spaced 4 inches on ce nters. Deflec-—
tion curves measured at the time of the experiments indi-

- g

,QJ

cated thot in the mancl having 0.,025-inch sheet the tor-
sional -stiffnecss of the stringers was large cnough come—

pared with the stiffness of the shecct to provide appre-
ciable restraint aganinst rotation ot the edgess; in the
case of the 0,070-inch alclad aluminum-alloy pancl the
stringers approxinate d a condition of simplc support.

agts

"\J‘}

The offcctive widths resulting from thesc experi-
ments are »lobtted in figurc 18 using for €op the bucke
ling strain of a simply supportcd squarc plate. It is ev-
ident that in the case of the 0,070-inch alclad aluminume
alloy specimen the agreement is excell ent up to stresses
for which yleld*nw due to the combined Dbending and mem-

]

brane stresses wos probabdbly taking place. In the case of
the 0,025~inch alum11un~allov specimen the observed ef-
foctive width exceeded the caleculated values for

e/ecr < ¥ but the agreement was excellent for €/€or.> 7y

which op Dewrod to be large enough to reducc the effect -of
the tOTolOﬂ&l stiffness of the stringers as a factor in
the edge conditions,
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Deflection under Lateral Pressure

Kaiser (reference 5) has conducted a carefully cone
trolled experiment on one simply supported plate. In
this experiment, as in Kaiser's theoretical work, the edge
conditions are such that the membrane stresses at the edge
are zero. The initial deflections obtained by Kaiser arec
in agrecment with the results in this paper. At large doe
flections, however, the fact that the membranc stress at
the edge of the plate was zcro in .the experiment causcs

h . the measurcd deflections to excecd by appreciablc amounts
the -deflections calculated in this paper.

National Burcau of Standards,
Washington, D. C.,, May 27, 1941.
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TABLE I.- EQUATIONS FOR THE STRESS COEFFICIENTS IN EQUATION (8) FOR A SQUARE PLATE (a = b)

4n?p 112 w w, W ws 1\& /w1« g
0,2 _ [{ 1, 1) 1,1 1,3\, 9( 3,1)7 _ 1a (731 ¥3,3\_ ("1,3 1,5) 35('5 1) .
S h h b, h h & . h . h h
an3b 'nz' w, 1\ 2 " 1w wy 3\ 3 w, 3 W w L w 3
rSb3,0 ™ [(1_1> - 2(_1_,_.1 _é_,_;)+ 9(_1__=z> ~ 1g (123 78,3) 2('_3»_1 .E’_’}>+ 25(.1_’5)_
EbS 8 [\ n: h 1 h . h 1 h & h
lﬁﬂabo',&i fud [( 1,1 71, 3) <'3 ,1 %3, :5) ('1,1 '1,5)
Eb® 4 B 1
16n2b4,°,= n_3 [('1 1 LA ) (' '3 s) <"i,1 '5,1>
EnS 4 n n/J
3.
4n®p 8 | w o ow w, . Wz 1 W w w
2,8 _ ™ [ 1,1('3,1 . 1,3)+ 4<'1,3 1,5)+ 4("3 1 53) 4< 3,171, 3> o 3)( 1,5  ¥s,1
~ Eb® 4 La\n  ny R b/ h b h
3 a 3 ’ w3 2 3 ’
serbo,e I [(‘1,3) ,9<'3,3\ *2('1,1 '1,5) 36w3bs <' ,1) o ,3) +a('1,1 '5,1)]
EBR 8 n/ B/ \n =1 _ B n
16m3b m3[ /w ws w w3 C[Wa z W
2,4 ™ __( 1,1 1,3)+9(';:,1 3,3) 25(‘1 ,3 "3, 1) (1 ,1 ™, 5)_49< )1 1,5)+81( 3,3 5,1>
. Eh3 25 h & h h h b h 1
1672p n8f : G 1w ' w w w w
4,8 .‘.l[. 1,1 :.{,1)*9(1,1 3,3)+35('1,3 ”3,1>* ( 1,1 ¥5,1\ _of 1,3 5,1>+81< 3,3 1,s>]
“g® 3L\ 2 n FEE b h R & h n
s4rdhp g ¥ '('1;;,3. '1,5) 84mdg o f("s,l ¥s,1 )
En® 4 \'h & En3 4\n 1/
e 3 ‘ A
3enéby g _ O -[9 w13 '3,3)_('1 1™ s\+ 16('3 )1 '1,5)]
Eh3 100 h =& h n/ n /.
36mbg 3 9"3[9< 3,1 V3, 3) _<'1,1 5,1) . 16('1,_3 '_5,1)]
I8 100L\ n n R & B 1
167bg 4 . _"f[_/‘l ,3 ¥3, 1) 1,3 "5',1>+ 4<'3,1 '1,5)_ of 1.5 "’5,1\:|
£h3 4l \n n ' nh h/ \b 1)/
— — S ek .
100m3bg 10 n_3<ﬁ ,‘5> 100m3b, o - 13('5’1>2
©0? 8\ 1 In3 8
84mdby g ﬂa‘_(l 3 "1, 5)+81<"3,; "1,5] 64"3"’ 3 _ {(‘ 3,1 78,1, 31(.3 ,3 ¥, 1)
Eb® 288l \ n b/ b & 389
36m3b oml[ A w w ", W
4,6 9" _9(' ,3 3,3)_49('3,1 1,5)+ 169 ( 1,5 5,1)]
£b® 676l \ n 1 b h \'n n
36m3p o3[ fwg W - ' W, = We 4\
6,4 _ 2™ 9< 5,1 a3, 6)_49<'1,3 | 5,1>+169< 1,5 5,1)J
Eb® e76L \ n 1 h n A h
64m3b, g 9113()3 37,5 5) 84mlpg 4 ond fag 5 wg o
Thd 235 \.h h I3 33\ n b
36n3bg € o nB(TLsb ¥5,1
End PRy |
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1IN THE FIRST SIX EQUATIONS OF THE FAMILY OF EQUATION (9)

[w = 0.316])
0= 0= 0 = 0= 0= 0=
34 -
n*Ent P11 “P1,3 P31 -P3,3 “P1,5 -P5,1
- ¥
w w w w 1 w w
1 0.37 +:1 9.26 - 13 9.36 2% 30.0 29 e2.5 125 68.5 >t
B h n b b b
Pxa® _hna M,z g V3,1 3,3 "1,5 _g5 15,1
n3EhS h h h n h h
. v
Py & _M, _9"1,3 w3,1 " w33 _25 1,5 ¥s5,1
mSERS h b " hn h h " T
¥1,1 3
( , ) 0.125 -0.0635 -0.0635 0 0 0
n
2
w w
(L) 1,3 -.1875 1.065 .350 -.585 -.210 o
h h
2
w w
( 1'1) 3,1 -.1875 .350 1.065 -.58b o -.210
h h
2
w w
(..Lf) 3,3 0 -.585 -.585 .405 .2035 .2025
n B ’
2
w. w .
L1 ( »1'3) 1.065 0 -1.625 0 1.1875 0
b b
2
w w A
1.1 (.3_’1> 1.065 11.625 0 o 0 1.1875
h h .
w w w
1,1 71,3 73,1 .500 -3.25 -3.35 5.635 1.685 1.685
T 1n & :
"1 (73,3
L.t (7e.° .405 0 0 0 2.385 3.385
h "
w w w
1,1 71,3 %3,3 ~1.17 0 5.6235 v ~2.34 -4,68
B n n -
w 1 W« w
1,1 %8,1 73,31 ;.17 5.635 o 0 -4.68 -2.34
B 1 n
' 3
C 1»3> 0 5.135 0 -5.0635 | 0 0
" n
3
W w
( 1’3) ";'1 -1,635 0 7.375 0 -4.00 -4.625
h
2 .
w w
1,3 (L1> -1.635 7.375 0 o -4.635 -4.00
| ™™ B _
w 3
3,1 _
| (T) o 0 5.125 -5.0835 ) o
3
W w .
(‘%"3) ‘:»3 o -15.188 o 31.653 o o
w
(3’3) 0 0 0 ©10.125 0 0
B
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TABLE II' (Continued)
0= 0= 0= 0= 0= 0=
5
w w.
(ﬂ) 3,3 0 0 -15.188 21.652 o 0
n n
2
w w
1,3 <i§> 0 21.6852 0 o 0 o
n N
3
w
_%,1 __3’_3\) 0 0 21.652 0 0 0
B B
W w w
1,3 73,1 73,3 5.635 0 ) 0 16.790 16.790
n n h
N5
C' 1'> L® 0 -.210 0 .2035 2.025 0
N\ B
w1,1\2 ¥s5,1
_> iy 0 0 -.210 .2035 0 2.025
b b
w W w
1,1 %,3 71,5 -.420 2.375 1.685 -2.34 0 0
n b b
w w. w
1,1 1,3 5,1 o) (o] 1.685 -4.68 0 -5.65
n B h
W. w w. .
1,2 73,1 71,5 0 1.685 ) -4.68 -5,65 0
B b b
w v w
1,1 73,1 75,1 -.420 1.685 3.375 -2.34 0 0
» b &b
w w w
1,1 73,3 71,5 .405 -2.34 -4.68 4.77 0 3.845
E b b
w Wy o W
1,1 73,3 5,1 .405 -4.68 -2.34 4.77 3.645 o
B n b
2
w .
1,1 (l{’) 2.035 0 -2.835 ) 0 )
B h
' 2
w w
1.1 (_5;1) 2.025 -2.835 ) o o )
" n
w 2% w
1,1 71,5 5,1 o 0 o 3.645 o o
R b b
2
w w
(_1& 1,5 1,1875 | © -4.00 ) 18.313 0
b b
e
CL") 5.1 o 0 -4.825 0 0 13,451
n h
2
W
(13"_1) 1S 0 -4.635 0 0 13,451 0
n h
2
w w i
(.ﬂ) 51 1.1875 | -4.00 0 0 0 18.313
n/ n
w w w
1,3 73,1 1,5 1.685 -8.00 -9.25 16,790 0 10.35
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TABLE II (Continued)

0= 0= 0= 0= 0= 0=
w - W W .
1,3 78,1751 1 ess -9.35 -8.00 16.790 10.35 0
B b h
w w w
1,3 73,3 1,5 | _.3.34 0 16.790 0 -46.16 -19.485
B 1 n
w w W
1,3 73,3 75,1 | _4. 68 0 16.790 0. -19.485 o
R n &
w w w.
3,1 73,3 1,5| _4.68 16,790 ) 0 0 -19.485
B 1 h »
w w. w,
3,1 73,3 5,1 | _3.34 16.790 o) 0 -19.485 -46.16
B b n
v5,3\° "1,5
9,9 ’ 3.385 0 0 0 38.372 20.35
b b
w3,3)\ " ¥s,1
_S%) e.t 2.385 o o ) 20.35 38.2372
b n
3
w v,
1,3 (LE) ) 18.313 0 -33.08 0 0
b h
2
w1 .3 [¥s5,1
_’_3 <_’._) -2.835 13 .451 0 0 -13.6235 0
h h
2
w W, .
38,1 ( 1»5> -3.835 0 13.45 0 ) -13.635
h b
)
w w
_38,1 (2) 0 ) 18.313 | -23.08 0 0
b B
w. w. W, )
1,3 1,5 75,1 ) 0 10.235 -19.485 0 -37.25
B & n
w w. W,
3,1 71,5 75,1 | 4 10.35 o -19.485 | -37.35 0
r & n
3
w w
3,3 ( ﬂ) 0 -33,08 0 38.273 0 )
n 2
- 2
w w
3,3 <_5’_1> 0 0 -33,08 38.273 0 0
b h
w w w )
3,3 1,5 5,1 | 3 645 -19.485 -19.485 40.5 0 0
B b &
- N\ 3
(ﬁ) 0 ) 0 0 39.135 0
h
2
w w,
( -15'-§) -%vl 0 o -13.625 o o 45.385
2
w w
—lhﬁ (—55!3) 0 -13.635 0 0 45.385 0
w < '
(—5&) o 0 0 o o 39.125

h
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TABLE III - VALUES OF COEFFICIENTS IN DEFLECTION
TUNCTION OF BQUATION (6) FOR SQUARE PLATE UNDER d
EDGE COM?BESSION [b = 0.316]
_anE wl,l § W .3 Y.é.:._l Yé.:.? Y_l_,__@ Y.é_.,..} chnter
Bh® h | h n n h h h
3,66 O io 0 0 0 0.000
%72 .25Vi .000109 | .000164 | .000000 | .000000 | 000000 250
3.96 .50 % 000848 | .001308 | .000012 | ,000001 | .OOOOOL 498
4.34% .75 % .00275 .00L3L .000086 | .000005 | .000009 743
4,87 1.00 | .00615 | .OLO43 | .000360 | .000017 | .000036 | .98k
Fe51 1le25 | 01127 .02073% .001063% | .0OOOMWY | ,OOOLOH | 1.220
6.30 1.50 | .0181 .0350 .00257 .000092 | .000241 | 1,450
Te22 1.75 | 0267 .0561 .00541 .000166 | .000u8L | 1.673
g.24 2,00 | .0370 . 0846 .0104%0 .000284 | .000879 | 1.889
9.38 2.25 , .OU93 .1208 LOL8L % .o00U67 | .00143 | 2.101
10.61 2.50 , .0635 L1670 .0307 .00082 .00215 2.303
11.99 2.75 | 0790 | .226 0488 00145 | 00313 | 2.498
13.48 3.00 | .095 .299 o743 % .00273 L0041 2.687
'1A.97 3.25 | .112 384 .107 i..oougz .00510 2.871
16.79 3.50 | .129 L1493 151 . .00893 | ..00565 3,04k
18.77 3.75 % 138 .626 +206 .0161 i..oozga 3,212
2l.45 4,00 % 124 .308 .287 .0303 -,0021 3.376
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TABLE IV
VALUES OF COEFFICIENTS IN STRESS FUNCTION OF EQUATION (8) FOR SQUARE PLATE UNDER EDGE COMPRESSION
[w=0.318]
U

ﬁx 32 | a
s 3.66{3.72(3.964.34(4.87|5.51|6.30|7.223(8.24[9.38(/10.61]11.99{13.48(14.97(16.79{18.77(21.45
4ﬂab°2

—:a’ .00| .08| .31| .69|1.22|1.89|2.73{3.69/4.80(6.10| 7.52| 9.15/10.92{12.88|15.08{17.58| 30.55
Eh

4‘nzb3°

————2-1- .00| .08 .31| .68/1.31{1.86|2.66|3.53/4.53{5.59] 6.70| 7.823| 8.84| 9.823/10.60{11.12|11.83
Eh

———> | -00| .00 .00| .00| .oi| .03| .ov| .12| .20| .32| .s0| .77| 1.i8| 1.77| 8.70| 3.99| 8.15
Eh

16m8bg 0

——5— | .00{ .00| .00| .01f .03 .06| .13 .24| .42| .e8| 1.08| 1.60] 2.34| 3.30| 4.64] 6.39| 8.79
Eh : '

4ndbz 3

———5— | -00| -00| .00} .01 .04| .09| .19§ .34| .57| .89| 1.32| 1.90| 2.64| 3.56| 4.74| 6.19| 8.07
Eh

36m3bg g v

fmﬁf’ .00! .00| .00| .00| .00| .00| .00| .00{ .0O| .00| .o01{ .o0s| .10| .17| .35| .64| 1.24

36m3bg o :

'—'—"gé"_ .00[ .00 .o0| .00| .00| .00| .00| .00 .02| .08{ .o08| .11| .80| .35| .59| .98| 1.70
E

16113’024 ’

——__Ehz’ .00 .00| .00| .00| .00| .00| .01| .03 .08| .17| .32| .s8| .99| 1.56| 3.38| 3.43| 4.86

16ﬂ2b4‘2 i .

—2'— .00| .00 .oo| .o0| .00; .0O0| .00| .01{ .04 .11| .23 .44| .76| 1.34| 1.92| 2.81] 4.10
Eh

36m8by g :

——T’ .00|- .00| .00| .00 .00| .00 .0O} .00| .0O| .01| .02 .03| .08| .11| .19| .33 .54
Eh .

36m3bg g ,

—5’— .00{ .00| .00| .00{ .00| .00{ .00| .00| .01| .08 .04{ .08| .17| .33| .59 1.03| 1.87
Eh

16ﬂ2b44

_Ez_’ .00| .00| .00| .00y .00} .00| .00{ .00{ .00|-.01{ -.08{ -.04| -.08| -.08] -.11]| -.11| -.03

641lbg g

—ha’— .00 .o00| .oo| .00{ .00| .00{ .00{ .00| .00| .00| .o00| .o00| .00f .00| .oco0| .01 .01
B . .

6411’2b8° , ) ’

——hz—’ .00} .oo| .oof .oo| .00| .00| .00} .00| .0cO| .00 .00} .00 .00| .00l .0i| .01 .0O
E

36ﬂ2b46 . .

—Ehz—’ .00| .00| .00| .00| .00| .00 .00| .00} .00| .00{ .00{ .00| -.01| -.02| -.05] -.10| -:20

36m8bg 4

T’ .00{ .00| .00| .00| .00} .00| .00} .00| .00| .00| -.01| ~-.01] -.03] -.05| -.09| -.15|. -.28]
E

64mlbg g

—T’ .00/ .o0| .00} .00| .00| .00 .o0{ .00] .00| .0O| .00{ .00| .00Of .01| .01 .01} -.O1}
Eh

64n2by g

—-éi— .00/ .ooj .00} .00{ .00| .00{ .00| .00| .00| .00 .o0| .oo| .oof .o1| .01] .04| .10
Eh

Others .00| .00{ .00]| .00{ .00| .00{ .00} .0O| .00} .00| .00| .00| .00 .00{ .00| .0O| .0O




NACA Technical Note No. 846 o7

TABLE V - CONVERGENCE OF SOLUTION FOR EFFECTIVE WIDTH
OF A SQUARE PLATE UNDER EDGE COMPRESSION AS THE
NUMBER OF EQUATIONS OF THE FAMILY OF EQUATION (9)
USED IN THE SOLUTION IS INCREASED ¢

[w = 0.31€]

Effective width
Initial width

Average odgo sbrain USi?io;nc Usiﬁioghree Usigfoiour USi?io;iX
Critical strain equation (9) | equation (9) | equation (9) | equation (%)
1.00 1.000 1.000 1.000 1.000
1.67 | « 797 e 797 « 797 £ 797
7.01 «570 «535 . 525 .525
13.50 .538 .480 .434 434
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TABLE VI ~ VALUES OF COEFFICIENTS IN DEFLECTION

FUNCTION, EQUATION (6), FOR SQUARE PLATE UNDER

UNIFORM NORMAL PRESSURE p

[Edge compression = O0; p = 0.316]
pa Wi,1 1,3 Yz 1 Wi, 1,5 "s5,11 Ycenter
Eh* h h ' h h h ' h h
0 0 0 0 0
iz.l .500 .00781 .000814 .000644 .486
29.4 1.000 .02165 .00254 .00156 .962
56.9 1.500 .0447 . 00666 .003203 1.424
99.4 2.000 .0776 -0152 .00524 1.870
161 2.500 .1195 .0299 .00831 2.307
247 3.000 .167 .0516 .0123 2.742
358 $.500 221 .0813 .0175 3.174
497 4.000 . 282 .116 .0236 3.600




PABLE VII - VALUES OF COEFFICIENTS IN STRESS FUNCTION, EQUATION (8), FOR SQUARE

PLATE UNDER UNIFORM NORMAL PRESSURE »p

[ Bdge compression = 03 p = 0.316]
g o | 167°b0,4 361G, 0 | 160p | 36 Dp ¢ 3617y 6
. En? Bn? o, 5 En® En® Eh® 1677 1 Eh®
E s . T Ene . . . Ene , Others
bbp o | 16TDY g 36m 6 | 167 b2 36m g, 2 3616, Y
Eh®: Eh°® En® En® o Eh?

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
12.1 .30 01 .02 .00 .00 .00 .00 .00 .00
2a .l 1.19 .05 .10 .00 Noil .00 .00 .00 .00
56 .9 2,63 .16 .31 .01 .05 .00 V00 .00 .00
99.4 k.59 .30 .2 Lol 13 Nl .00 200 .00

161. 7.06 77 135 .08 o35 .03 -.01 -.01" .00
247, 10.01 1.34 2.21 .16 oTH .00 -403 =02 .00
758, 13.37 2.15 3435 .28 1.39 JAb =05 -.0l .00
u97. 17.11 3;27 k.20 19 '2.301 .27 -.08 ~.07 .00

-oN 830N T®OTUYOal YVOVN
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TABLE VIII - CONVERGENCE OF SOLUTION FOR pa?*/Eh%
AND vwcenter/h OF A SQUARE PLATE UNDER UNIFORM NORMAL'
PRESSURE AS THE NUMBER OF EQUATIONS OF THE FAMILY OF
EQUATION (9) USED IN THE SOLUTION IS INCREASED

[Edge compression, O0; p = 0.316]

(a) Pressure

a* /Eh%
Wi,a pat/
h Using one Using three Using six
equation equations equations
0 0.00 0.00 0,00
1 29.9 , 29.4 ! 29.4
3 271 249 i 247
4 ; 572 516 i 501
1 ?
(b) Center deflection
Weenter/h
Wi,1
h Using one Using three Using six
equation equations equations
0] 0.000 0.000 0.000
1 1.000 . 957 .962
3 3.000 2.666 2.743
4 4.000 3.436 3.600
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TABLE IX - VALUES OF COEFFICIENTS IN DEFLECTION
FUNCTION, EQUATION (6), FOR SQUARE PLATE UNDER

UNIFORM NORMAL PRESSURE p

[fdge disptacement = O0; p = 0,316 ]
4

pa Wi,1 Wi,3 ¥z, Wi, Wi, Y5, Ycenter

Eh* "~ h h h h h h h
0 0 0 0 0 0

14.78 .500 .0089 .00095 .00077 .485
51.4 1.000 .0283 .00366 .00252 .952
132.0 1.500 .0595 .00965 .00585 1.402
278.5 2.000 .0978 .0193 .C109 1.846




TABLE

PLATE UNDER UNIFORM

NORMAL PRTSSURE p

[Zdge disnlacement, 05 p= 0x316]

X - VATUES OF COEFFICIENTS IN STRTSS FUNCTION, EQUATION (&), FOR SQUARE

,a”
A4

Eho

Ja: 26 -
1Uﬁ bn,o SO U6,O 16“ bu,z
En® Eh®
36100 6 l~r:08,u
Eho Bha

36”8b6,2

=1
g

Z6Tﬁb2

-

Ehe

Others

0

(o]

.000
~-,002
""Ol

.00

.000

“0002

".Ol

.000

.00

.00

‘oN ®30N T®OTUYOel VOVN
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TABLE X] = CONVERGENCE OF SOLUTIONS FOR pat/Eh¢
AVB Wwoenped/h  OF SQUARE T'LATE UNDER UNIFORM NORMAL
PRESSURE AS THE NUMBER 0 EQUATIONS OF THE FAMILY
OF EQUATION (9) USED IN THE SOLUTION IS INCREASED

(Edge displacement = O0; p = 0.316]

(a) Presgure

e ———t - -

. ‘ 4/nps
W1,1 pa /E |
h Using one 'Using three } Using six
equation equations equations
0.000 | 0.00 0.00 i 0.00
«500 14.83 14,78 14.723
1.000 £51.8 51.4 5l.4
1.500 ,133.0 132.0 ; 132.0
2.000 | 280.32 | 278.5 278.5

x i |

(b) Center deflection

/
wcenter/'h

Wi,1
h Using one Using three Using six
equation equations equations
0.00C0 0.000 0.000 : 0.000
.500 .8500 ' .482 .485
1.000 1.00C0 .944 .952
1.500 1.500 1.382 1.402
2.000 2.000 1.807 1.846




TABLE XII - COMBINED UNIFORM NORLAL PRESSUTE AND ZDGE CCUPRESSION

Iy ONZ DIRGCTION FOR A SQUARE PLATE

[ = 0.31€]
wl,l |Pxa® W1,3 w31 w3.3 Y1,5 W51 Effective width| Average edge strain
ho | Eh® a ) h b h Initial width | (Critical strain) g
pat
(2) —g =725
0.10 [0.00 0;0013u 0.0013% | 0.,000137 |0,000119 |0.,000119 0.000 0.,0034
.20 |1.87 | J001W2 | 00171 | 00014 | .000L20 | .000129 .973 526
.go 2,9% | ,0C178 | 400241 | ,00016L | 000120 | .OODL3R 935 +855
60 13,58 | ,00276 | LOOUOO | ,000250 | .00C120 | LOGULL2 887 1,07
.80 13,98 | LOOUSM | .00697 | .000309 | ,000126 | .000155 832 1.30
4
pa”
(0) ;’__3;;4‘: i e
1,00 | 0,00 {0,0%16 [0.0216 |0.00252 |0.,00155 |0,00155% 0,000 O.34
1.30 {1.93 | .027° 0321 . 0037 00159 00173 |- 179 1.10
1.50 | 3,04 | ,0325 J0l13 .0050 00162 00185 520 1.60
1,70 | L.16 | 039 <055 0068 002 .002 536 2,17 .
2,00 | 5.78 | .0”0 081 L0131 002 .002 535 2,56

*oN ©290N T®BOTUYUOSL VOVN
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TABLE XIII -~

WIDTH OF A SQUARE PLATE UNDER COMBINED UNIFORM

NVACA Technical Note No.

846

CONVERGENCE OF SOLUTION FOR EFFECTIVE

35

4

LATERAL PRESSURE AND EDGE COMPRESSION AS THE NUMBER '

OF EQUATIONS OF THE FAMILY OF EQUATION (9) USED IN

THE SOLUTION IS INCREASED

[w = 0.316]

o o o B
- -

W1 Using one Using three Using four Using six
h equation eguations equations equationgv
«10 | .000 .000 . 000 . 000
« 20 .974 .974 A.974 .974
.40 . 935 .935 .935 . 935
.60 . 887 .887 . 887 . 887
.80 .832 .832 . 832 .832

(b) Effective WidthMMen pat _ 29.5

Initial width Eh*

Y12 Using one Using three Using foug Using six
h equation equations equations | equations

1.00 2053 .000 .000 . 000

1.30 «493 479 «479 .479

1.50 .536 | ,520 .520 .520

1.76 . 551 .536 «536 . 536

2.00 .556 .535 .535 .535
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TABLE XIV - COMBINED UNI¥FORM LATERAL PRESSURE p AND

EDGE COMPRESSION IN THE DIRECTION OF THE X-AXIS

FOR RECTANGULAR PLATES

Dxbh’

la = 3b; p = 0.316]]
. pb% .ﬁxba Wl,} W3,1 Effective width Average edge strain
zh* Eh? h Initisl width (Critical strain)y_g
0.00 3.66 0.00 0.00 1.000 1.00
.00 3.72 .00 «25 .978 1.04
.00 3.96 .00 .50 .928 1.17
.00 4.34 .00 .75 - .863 1.37
.00 4.87 .00 1.00 «798 1.67
2.25 .00 .313 .0365 .000 .004
2.25 1.02 344 .0500 .980 .276
2.26 2.47 «405 .1000 .989 .683
2.25 3.69 443 . 300 .962 1.05
4,50 .00 .583 .0797 .000 .015
4,50 77 .620 .100 .926 233
4,50 2.68 .739 .200 . 957 .765
4.50 3.58 .800 . 300 .947 1.03
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Figure 1.- Square plate loaded by edge compression in x-direction.
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Figure 2.- Values of coefficients in table II for deflection function

w =3 3 ®n.n 8in mnx/a ein nny/a for a square plate under
cdgeocg?gression. Average compressive stress in x-direction = Pxs
o= 0. .
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Figure 3.~ Membrane stresses for a square plate under edge compression. Average
compressive stress in x-direction = px ; =

0.316.
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Figure 5.~ Effective~width curve for a simply supported equnrcerpla.te under edge
compression. p = 0.316.
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Figure 6.- Square plate loaded by a uniform normal pressure p. Edge compression = O.
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Figure 7.- Values of coefficients in tableVI for deflection function w = % % ¥u,n 8in mmx/a sin nny/a

for a equare plate uhder uniform normal pressure p. Edge compression = O; p = 0.316. Linear
theory from reference 9
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Figure 8.- Membrane stresses for a square plate under uniform normal pressure p. Edge
compression = 0; p = 0.316.



NACA Techmical Note No. 848

Figure 9.- Extreme-fiber bending stresses at the center and the corner for a square plate under uniform

Figure
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normal pressure. Edge compression = O; pu = 0.316. Linear theory from reference 9.
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10.- Square plate locaded by a uniform normal pressure p and by edge forces —ﬁxah and
sufficient to make the edge displacement zero.

Figs. 9,10
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Figs. 11,12
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Figure 11l.- Values of coefficients in tableIX for deflection function w = § -J w, , 8in mnx/a sin nny/a
i b
‘for a square plate under uniform normal pressure p. Edge displacement = 0; p = 0.316.

Linear theory from reference 9.
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Figure 12.- Membrane streases for a. square plate under uniform normal stress p
Edge displacement = O; p = 0.316.
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Figure 13.- Extreme-fiber bending stresses at the center and the corner for a square plate under
uniform normal pressure. Edge displacement = O; p = 0.316. Linear theory from reference 9.
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Figure 14.- Effect of normal pressure on effective width of a square plate loaded by edge compression.
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‘Figure 15.- Combined normal pressure and edge compression for a rectangular plate (a = 3b).
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Figure 16.~ Effect of normal pressure on sffective width of a rectangular plate (a = 3b) loaded by
edge compression on the short sides.
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Figure 17.- Effective-width curves for a simply supported square plate according to diff-
erent sources.
(a) Reference 7, be/b.= ftgr/¢ (b) Approximate formula of reference 2,
(c) Approximate solution o% reference 2 b = Jeor/e

) e
(e) Formula. of, reference 6, bg/b = 0.09 + 0.80 ‘eor/¢ (d) Solution of reference 3
(Exact) Derived from present paper
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° Stringers approximated simple support.
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al Stringers provided restraint against roftation.
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Figure 18.- Comparison of computed effective width and experimental results from refewsnce

8. The critical etrain is the computed critical strain for simply supported
square plates.



