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By Samuel Levy
SUMMARY -

The equations are given for the elasiic behavior of
initially curved sheet in which the deflections are not = .~
small in comparison with the thickness but at the ;
same time small enough to Jjustify the use of simplified
formulas for curvature. These eauations are solved for . i
the case of a sheet with circular cylindrical shape I
simply supported along two edges parallel to the axis of
the generating cylinder,

Numerical results are given for three values of the L
curvature and for three ratios of buckle length to buckle .
width. The computations are carried to buckle deflections = _
of about twice the sheet thickneass. : - - - e o= T

It is concluded from the results that initial curva-
ture may cause an appreciable increass in the buckling
load but that, for edge strains which are several times’
the buckling . strain, the initial curvature causes a neg- . .
ligidly small change in the effective width. e

INTRODUCTION : e e

The strength of curved sheet in axial compression
Plays an important role in. determining the strength of
the wings and fuselage of modern metal alrplanes. nﬁuch
sheet is usually reinforced by stringers. The portion (34
sheet between any pair of these stringers can, for pur-
poses of computation, be considered as simply supported
at the stringerg, A study of the limiting case of flat
sheet has already been made (reference 1). The present .
paper 1ls an extension of this work to include the effects e
of initial curvature, BRI
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FUNDAMENTAL EQUATIONS
NOTATION
An initilally curved plate of uniform thickness will

be considered, The following notation is used:

L initlal displacement of points of _the middle sur~—
face normal and relative to a plane through the

corners of the plate . ___ ... : - o S

w additional displacement of points of the middle sur-
face due to the agpplied lomds ) )

X, ¥ coordinate axes
F - stress function

normal pressure

E Toung's madulus
h plate thickness - -
" Poigson's ratio

En®

D = ISTI::IET » Tlexural rigidity of the plate

Ox» Ty, Txy extreme-fiber stresses
t ! 1
S cy, Txy median~fiber stresses
i ] i1 ’
Oy Gy’ Txy extremeifiber‘bending stresses

median—~fiber strains
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2w 3° )
M = - D[ 4+ L i bout y-axi
v Byz K 322) bending moment about y-axis X

Wm,n coefficient in expansion far displacement normal
to the reference plane due t0 load

b width of eylindrical plate strip
2a wave length of buckles -
m,n, r, 8 subscripts representing integers

8y coefficient in expansion for initial displacement

normal to the reference plane '

fx,ﬁ} average &éompressive stresses

bm,n coefficient in expansion for F

By,Bzy, . . .Bys coefficients. in expansion for bm,n

Om,n coefficient in expansion for q B
Q1:Q2s + . «Q3s coefficients in expansion for Up n

R radius of curvature of plate

3 edge strain

€op edge strain for buckling

Equations for the Deformation of Curved Plates

The fundamental equations governing the deformation
of thin curved plates were developed by Donnell in ref-
erence 2 and by Marguerre in reference 3., These equations
are also given by von Kd4rmdn and Tsien in reference 4.

For the special case where the deflections are not small
in comparison with the thickness, but at the same time
small enough to justify the. application of simplified
formulas for curvatures of the plate, Marguerre (equations
(4.35) and (4.5,) of reference 3) gives these equations in
essentlally the following form: .
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2
d4F 3T d4p [(aaw> 32y 33w 33y aawa
+ 2 = B — + 2

+
dx* dx%3y? oay* dxdy ox2 dy® 3xdy dxdy
) 38w 33w, __aawo aZW'] (1)
3x2 3y® dx2 dy?®
3w 3%w 3% g n [3%F 3% (w + w,)
4"'2 <+ 4=—+— ——— - o
dx 3x%dy®  dy D D [3y2 3x2
3%F 3% (w + 327 3% (w +
. w o+ W) . (w + wg) (2)
dx8 dy? dxdy dxdy

Equation (2) is also given by Timoshenko (p. 319, equation
(206) of reference 5).

The median-fiber stresses are

v 3°F v derF ' 27 (3)
Ox T 3g2 OV T ax2t ¥ 2xdy

and the median—fiber stralins are

¢! =;_<a21«~ } uﬂ)w

X B \p3y? dx8
v 1 (3%F 3°F (4)
v T % <éx2 * byé) s . _
T2+ ) d°F
Yxy =~ E O0xdy

The extreme~fiber bending and shearing stresses are
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i Eh By - 33w w
Tg = - 5 + W
2(1 - p%) \QOx® dy?2
" Eh Zw d8w
g. = - +p—) > (5)
y 2(1 - pB) \gy® 6xé>
:-r'" - Eh aaw
Xy 2(1 + p) Jd=xdy y

Plate Strip with Cylindrical Initial Shape

If we 1limit the following discussion to the case of
a plate strip of infinite length of initial cylindrical
shape having deflections w, small enough to allow the

use of simplified formulas for curvature and let the gen-
erators be parallel to the x-axig, then

Bawo ' 0% wg o
— d = 6
dx8 0 Oxdy © ()

Substituting equations {6) in equations (1) and (2) gives

4 & 4 2 2 2 3 2 2 ’
3 F 0 F °F 3w 0w 3w 3w 3%wg
—+ 2 + ——=E - - - . (7)
Ox ax%dy? vy dxdy 3x2 dy2 9x® dy
3%w d%w 3%w
+ 2 +
dx* dxBoy?8 dy*

2 2 2 2 BF a 8]12
i+h(bFBwaaw 2 33w 33T 33w, (&)

— - +
D D \dy2 328 3xB dy?2 2 dxdy Oxdy 0x2 dy2
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Simply Supported CGylindrical Plate Strip
General Solution

4 solution of equations (?) and (8) for a simply
supported cylindrical plate strip of infinite length must
gatisfy the follewing boundary conditions. The deflection
and the edge bending moment per unit length are zero at
the edges. of the strip; that is, whem y = 0 or y = b

w = 0
and
d%w 32w
M, = - D _— ) = 0
y dy° dx3

These conditions are satisfied by the Fourier series

[=-] oo

w o= z; Ej Wpn op COS BTX sin nry (9}
' a _ Y

m=0,1,8... N=1,8,3...

The initial displacement must be a function of y alone
since the elements of the cylindrical esurface are parallel
to the x-axis. The xy-plane can be so chosen (see fig. 1)
that the initial deflection is zero along the edges y-= Q
and ¥y = b. These conditione are sabtisfied by the Fourier
series

oo . .
Wo = zz an sin B%X (10)
N=1,8, 00 - :

By substitution equation (7) is found to be satisfied if

- _a - .3
. Dxy Pyx
-
+ ST ‘? b cos DZE goe BN (11)
Z m,n a o} )
m=0,1,a n=0,1,2...
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where 5& gnd 5& are equal to the average compressive

stress in the’ x and y directions, respectively, and
where

- _E -
®n,n T alos B TR (By + B + . . . + Bya) (1la)
(? a + n b_}
and
© n—1
N 2 2 ,
B, = 24 21 (r+m)(n-s)rs+ (r+m)°s ]w(r+m),(n—s)wr,s
r=0 g=1 . . s
© n—1
N 2 2
By = - + N \
2= ) L-r(n‘ s)(r+m)s+ r°s ] Yo (aes){(r+m) s
r=0 s=1 .
if m # O
BB = ] if m = 0
co o«
N § 2 2
B, = + + - +
3 2: | [(r m)(s+n)rs- (r+m)®s Jw(r+m).(s+n)wr,s
r=0 s=1 L
o (o]
A | 2 2
:Bq. = ) (r+ m)sr:(s+ n)-— (r-+ m) (s-!- n) ‘-;(r+m) swr (s+n)
A— e ) Y s
r=0 g=1

if n 4 0

:BS = z Z [r(s + n)(r-‘- m)s - resz]wr, (S"'h-) w.(r+.m) » S .
-~ . . .

‘r

if m#£ 0
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[ea] [we]
N a
By =y ) [rs(r+m)(s+n) - e+ 0)® | Wy oV (rrm), (otn)
526521

if m#0 and =n £ 0

0 or n = O

o
o2}
1t
(@)
[l
L]
]
I

]
I
=

~rg{m=r){n~-s)+ ra--(n_-s)'a] Yy g¥(m-r), (n-8)

s
1

o
o2}

i
)

mtd
i~1a 7
[~1s

—r(s*‘n)(m'"r)s"rasa} Y, (s+n )" (m-r),s

—

4]
1
l

mﬁi

I
[~ a
[(~7Ts

[—rs(m-— r)(s+ n) ~r2t9'+_n)2:{ Ve 8% (m-r), (s+n)

-~

H
i
o
w
i}
=]

if n# O

td
[}
i}
(@
(¥R
=
=}
i
[®

w
)
Q
i
[\/18 =
| S——
i
V]
B
V]
)
©
| S |
8
—
@
+
s
)
M
pu?
ry
o
-~
(@]

e}
™
-t

td
H]
O

if- n =0

[~2m2(s+ n)BJ Ym,s a(s+£)

M
o

w
=
1l
>3

=1
n-1
2 2
313 = 5 [ 2m (n - S) } Wm,8 a(n_s)
-
By substitution of equations (9), (10), and (ll) in equa-
tion (8), equation (8) is found to be catisfied if
oo oo nﬂ--- - -
|
g = S? } Qm,n C*S sin _?1 (12)
m=o,?ja,... : n=1L§,...

¥

e

14t
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2
= 2 7
%m,n o, n [( > ( > ] h vy pnm &z
—_ 2 hrd - .-
- 2ms _ .
Py b wp pn $3 2,702 (Ql + Q@+ .. 7 Q_:_a> _ (123)

m n .
Q,:L'—‘Z‘_‘Z’ [r(n-— s) - s(m--r_):lawr,Es Y (ner), (n-s)

‘&I > a o -
Q.z=> Z [rs + (s+n)(m—-r)J wr,(s+n)b(m-—r),s

[I‘(S + n) + S(m - r):la wr,s b(m—r),(8+n)

Ce
=0 8s=1 : : . a
n

[(r *m)n - s)‘ +‘sr]2 Y(r+m),s br',(n—s)

r=o s=1
o n
- a2 -
s = > L [r(n - s) + s(r + m)] Wr,s ?(r+m), (n-s)
r=o s=1 : ' o -
if m# O
Q’S = O, i--f m = @

a2

\/]8
18

[(r + m)s - (s + n)r]

w(r+m),(s+n) br',.s
r—o s= o . . oot

Q, = —Z Z [(r + m)(s + n) - SrJa Y (r+m),s ;'-Ir..(s-.l-n)

r=0 s=1
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[rs - (s + n)(xr + m):r ¥e,(s+n) P (rim),s

1f m # O

21 =<1 2 '
W = = ) ;Ei [r(s + ) - s{r + m)] Yr,a P(r+m), (s+n)

1f m # O

n
Qio = zz [gmasa] ag ®n, (n-s)
§=1
3 .
Qe3 = 2; [zma (s + n)%J 8(g+n) ®m, s

Bouation (12) represents a doubly infinite family of

equations. In each eguation the coefficients bm,n

may be replaced by their values as given by equation (11a).
The resulting equations will involve the known nornmal

pressure coefficients qpn n» the known average membrane
1 .

pressures in the x- and y-directions 5& and ﬁ&, respec-
tively, the known initial deflection coefficients &y, and
the unknown deflection coefficients Wwp n. The number of--
these equations is egual to the number of unknown deflec-

tion coeffilicients: wm'n}
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In the following solutions the number of equations
of the family of equation (12) was restricted by setting
" all deflection ceefficients wy, , equal to zero excepi a
1]

selected number including the most important coeffloients.
This simplification introduces an errcr into the solution.
The magnitude of the error will be estimated from the con-
vergence as additional coefficients are used in the solu-

tion.

The resultant lmad must be constant in the x- and in
the y-~direction and the boundaries of the plate must re- . .
main straight. The first condition follows from the sub-
stitution of equations (3) and (11) in the followinmng ex- o
pressions for the total load: e _

b
Load in x-direction =_]/‘ hc; dy = - Fx bh B
» 0 . .. --
o (13)
. \ . .
Load in y-direction = hoy dx = = pr ah
- o -

The second condition was checked by the substitution of
equations (4), (92), and (11) in the following equations:

Displacement of edges in x-direction over a full wave-

a .
8
1 Bw) o )
length = Ve = (== ax :
€ b/n [ex 2 \0x ]
-—a . '
7 o7 SRS ' |
= L pja 2 2 2
= - - + B allrvy 1 zz m wm,n (14)
m=1 n=1 :

Displacement of edges in y-direction = T -

b — i -

) .
- = §3.+‘Q12>2.+.L éﬁﬂ)a iy = ~ BZE + @ Pxb
. y 2 \dy oy 2 \ o0y B E
0 o , :

éﬁ - < . o : '2 e .
\ a T 2 'IT a,
L EeE ) ) EaR ) et 69

n=1 m=0 n=1 n=3
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Equations (13) to (15) are independent of x and vy,

thus showing that the conditions of constant lcad and con-
stant—edge displacement are .satisfied by equations (9) to
(r2).

For a plate having a constant radius of curvature R

between y = 0 and y = Db the coefficients a, 1in equa-
tion (10) must have the values
a
ap = _ig"f (16)
Rt n

Edge Compression of “Plate Strip with Circular

Cylindrical Bhape (p = 0.316; Only w, and

1
)
Wy, 1 Are Agsumed Different from Zero)

The following resulta apply to plates loaded in edge
compression in the x-direction as ahown in figure 1.

The normal pressure g &and the edge compression in
the y-direction ﬁyah are zero. The initlal dlsplace-

ment W, is that of a circular cylinder of radius R.

If only the deflection coefficients w, and wl’1
H

are taken different from zero we get from equations_(ll)
and (16) the following equations for the stress coeffi-
cients:

a 2 _
a B 8 D ; N
b1,o = 418 (’3Wo,1 Yi1,1 " 77 R W1,1>
b _ 8 E 2
2,0_-‘321)2 wl’l
>(17)
aaE 2
by, = %20 Wi,1
L 2,8 _ .. .=
Ba b . : 16 ®
b = A <2w LW + = W )
1,2 4(b2 N 4aa)a 0,1 rL,l 93 R 1,1 )
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We .also get from equations (12), (16), and (17) by equat-

ing q, , and q, , to zero the equations:
. 2’ ) 2 . l + l 5 572 L.
Wo g w, , b° 4 © o 3(1 + 4a%/p7) (18)
L] = - 3. . . 1
h n® Rk 81 1 2 1
2.7 n [ 2(1 + 4a3/b?)2]

[\Y
]

w> 2g2 1 w b2 1652 16 1
+ 0.1 + 2t | —
h2 b2 L 4a)\® h Rh |31b° 95 (b 4a
a b .
+ b 322. ) (19)

4
2.2 3+
R%n 961D 8649<? 4%)

Equations (18) and (19) wers solved 51mu1taneously
by assuming values of buckle deflection LA 1/h and solv-

ing for the load ratio p_b h/n?D. The results are plot-
X

ted in figures 2 to 4 for values of the ratio of lemngth
to width.of bueckle a/b ‘of 1/2, 3/4, and 1 and for values
of the curvature ratio b2/BRh of O, 5, and 10, Values of
a/db > 1 were not computed since the resulte for a/b =
1/2, 3/4, and 1 indicate that the load required to main-
tain a buckle having a/b > 1 is greater than the load
required to maintain a buckle having a/b < 1. Buckles
for which a/b > 1 would therefore not occur. It is evi-
dent from these figures that s the buckle depth becomes
comparable with the eheet thickness, w,,, = h, the ef-
fect of the initial curvature.on the load becomes negli-
gible. For small deflections, however, an increase of
the curvature ratio b2/Rh - from O to 10 causes an in-

) 7.b2h
crease In the load ratio E%——— from 4,00 to 13.06 for a

gsquare buckle a = T,
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The ratio of the effective width to the initial wildth
(defined as the ratio of the actual load carried wy the
plate to the load the plate would have carried 1f the
stress had been uniform and equal to the Young's modulus
times the average edge strain) was computed from equations
(13), (14), (18), and (19) with the results given in fig-
ures & to 7. Near the edge strain corresponding to duck-
ling, curvature has a large effect on the effective width
ratio; however, when the edge atrain is several times the
buckling strain of the corresponding flat panel the effect
of curvature on the effecetive width ratio 1s negligibdle.

Edge Compression of Plate Strip with Circular Oylindrical
Shape (m = 0.316; Only Wo . 1s Wi,11 Wa 15 W3 14 Wi,z

and w Are Assumed Different from Zero;

3,3

Square Buckles a/b = 1)

In the gsolution of the previous sectlon only the
first two deflection coefficients wy, ; and w, , were
used. The omission of higher terms ih the deflettion
Introduces an error in the results. In the present sec-
tion the order of magnitude of thisg error will be deter-
mined for the special case of a square buckle by obtain-
ing a more exact golution including the first six deflec-
tion coefficilents Wo,11 W1,1s Wa, 15 Wz 13 Y3, 3., and

3,3°

The results agéin apply to plates loaded in edge
compression in the x-direction as shown in figure 1., The
normal pressure q and the edge compression in the y-

direction P ah are zero. The initial displacement w,

is that of a circular oylinder of radius R, The buckle
ls squars, a = b,
Equations for the stress coefficlents b4 were #b-
: _ Y®  Cm,
tained from equations (11) and (16) on the assumption that
only Wo 1y W1 ,1s Wa,1» W3 61, W1, 3, and wy 5 Wwere not

zero, The results are given in table I, Substituting:

these stress coefficients in equation (12) and equating

the pressure coefficlents -4y . n and the stress coeffi-
¥

clent 5& t0 zers gives the. equations in table II. These
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equations relate the average membrane pressure in the
x-direction Py, the initial radius of curvature R,
and the deflection coefficlents Wy 31, Wy 1, Wa 1: W3z 1

w and w

1,30 3,3° 3 ' —
The equations in table II were solved by successive
approximation for the case where T, = 8.24 EhZ®/b® and

b2 /Rh = 10. The resulting values of the deflection coef-
ficients were wy ;/h = ~1,017, w; ;/h = 1.929, wy ,/h =
' ’ ! .

-0.243, w, ,/b = -0.075, w; 5/h = 0.036, -and w; 5/h =

~0.,0068, Using these values the effective width ratio was
computed from equations (13) and (14). At an edge strain
ratio of 3,61 times the critical edge strain ratio for
flat sheet the effective width ratio was 0.625. The cor-
regsponding value using the solution with only two defleq—
tion coefficlents was 0.642. (See fig. 5.) This indi-
cates that the difference between the results using only
two deflection coefficients and the results using six de-
flection coefficients is small for deflections up ‘o about
twice the sheet thickness and for values of b2/Rh up to
about 10.

Effective Width

The effective width curves of figures 5, 6, and 7
are replotted in figures 8, 9, and 10 usin§ as absclssa
the Gimensionless edge sérain ratio eb2/h®. An envelope
curve i1s drawn which is tangent to the effective width
curves for different ratios of length to width, This
envelope curve corresponds to the effective width of a
long plate in which the buckle length is adjusted to_gilve
the lowest possible effective width. In an actual platse
of finite length, however, 1%t 1s probable that after a
Wuckle pattern has become established, a momentary in-
crease in load would be required during the transition to
the new buckle pattern having lower effective width.

It is interesting to observe that even in the case
of a flat sheet (fig. 8) the buckle length corresponding
t0 & minimum effective width decreases as the edge strain
increases. For minimum effective width the dbuckle shape
would be square initially, change to a/b = 3/4 for an
edge strain ratio ¢€%2/h2 = 11, and change to a/b =
1/2 for ¢b2/h® = 38, Similar effects are evident for
curved sheet (figs. 9 and 10).
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L s

The minimum effective width, correspording to the
envelope ourve, is 0,500 when €b%2/h® = 21,0 for flat
sheet as well-as sheet with curvature ratiocs ©1b2/Rh :
equal to 5 and 10. It is evident from this and from fig-
tres 8, 9, and 10 that the effective width is nearly in-
dependent of initial curvature when the critical edge
strailn has been several times exceeded.

Comparison with Results by Other Authors

Experimental and -theoretical investigations of the
load carried by curved sheet after buckling have been
made By von Kdrmdn and Teien (references 4 and 6), Cox
and Clenshaw (reference 7), Newell (reference 8), Ebner
(reference 9) and Wenzek (refervence 10).

von K&rmdn and Tsien (references 4 and 6) consider a
sheet curved to form a closed circular cylinder without
longitudinal reinforcements. Such a sheet buckles inke
diamond-shape buckles (see, for example, fig. 242, p. 461,
reference 5). These buckles d&o not satiafy the condition
assumed in the present paper that the sheet is simply
supported along the edges and that the initial displace~-
ments are small enough to Jjustify the use of simplified
faormulas for curvature. This case 1s therefore outside
the scope of the present work.

Gox and Clenshaw (refesrence 7) give experimental re-
sults for a large nuymber . of plates having clamped longi-
tudinal edges but no longitudinal reinforcements. Al-
though this edge condition is different from that of
simple support assumed in the present paper, the effect of
curvature should be similar in the two cases. They ob-
serve that the initial buckling load of curved sgheet
might considera®ly exceed that for flat sheet-and that the
effective width of curved sheet after the buckling load
has been exceeded several times is ngarly the same as that
for flat sheet. These experimental results are in agree—
ment with the theoretical curves in figures 5 to 7 of the
Present paper. ’

Newell (reference 8) gives design chartas based on the
results of tests to failure of curved sheet supported be-
tween v—-grooves. Thege results indicate a considg;able
increase in the failing load as the bturvature ie in-
creased. It is probable that the failing lecad with this

type of support was the buckling lead of the curved sheet.
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-

_ The results are then in agreement with the incrsase._in

buckling load with increasing curvature shown in figures
2, 3, and 4 of the present paper.

Ebner (fig. 40, reference 9) gives the results of
tests on curved panels with longitudinal stiffeners in
which he shows that the failing stress of a given type of
panel 1z nearly independent of the initial curvature. The
edge restraint of the sheet of these panels by the longi-
tudinal stiffeners probably enabled them to support
stresses well above the buckling stress. His result is in
sgreement with figures 8, 9, and 10 which show only a
slight change in effective width with curvature when the
buckling stress is exceeded several times.

Wenzek (reference 10) gives the results of tests on
brass sheets clamped along the longitudinal edges t° a
stiffener having a closed sectlon. His results indicate
that an increase in the curvature is accompanied Dby an
increase in the buckling load dbut that thlis increase in
load-carrying capacity drops off with increase in the edge
strain. - These general conclusions ars,in agreement with
the results of the present-paper. Some of Wenzek's ex— )
perimental results (fig, 7, cyl. 7, 8, and 10, reference N
10) and theoretical results (fig. 3, reference 10) show
values of the ratio of effective width to initial width °
which are nearly zero. These results seem extreme and
are not confirmed by the results in the present paper.

o CONCLUSIONS

It may be concluded that for small deflections the.
initial curvature has-a large effect.- on the load carried
in axial compression and may increase the buckling load
several hundied percent. When the buckle depth Pecomes
comparable with the sheet thickness,-however, the effect
of the initial curvature on the load carried in axial
compression becomes negligible. _ O Lol

In terms of effective width this may be expressed as
follows: The effective width ratio is increased consid-
erably by an increase in curvature for loads near the
buckling losad. When the edge strain is several times the
critical dbuckling strain of the corresponding flat sheet,
however, the effect of curvature on the effective width
ratio is negligible. :

National Bureau of Standards, -
Washington, D. C., January 8, 1943.



18

10,

‘TEEHN[BAL LIBRARY

ABBOTTAEROSPACE.COM

NACA Technical Note No, 895
REF¥ERENCES

Levy, Samuel: Bending of Rectangular Plates with
Large Defleations. HRep. No, 737, NACA, 1942,

Donnell, L. H.: Stability of Thin-Walled Tubes under
Tersion. Rep. No., 479, NACA, 1933,

Marguerre, XK.: Zur Theorie der gekrtmmten Platte
grosser Form&nderung. Proc, 5th Int. Cong. for
Applied Mechanics, 1938, pp. 93-101.

von Kdrmédn, Theodore, and Tsien, Hsue-Shen: The
Buckling of Thin Cylindrical Shells under Axial
Compression, Jour. Aero, Sci., vol. 8, no. 8,
June 1941, pp. 303-312,

Timoshenko, S.: Theory of Elastic Stability. NcGraw-
H11l Book Co., Inc., 1936,

Tsien, Hsue-Shen: A Theory for the Buckling of Thin
Shells, Jour. Aero. Sci., vol, 9, no, 10, Aug,
1942, pp. 373-384,

Cox, H, L., end Clenshaw, W. J,: Compression Tests
on Curved Plates of Thin Sheet Duralumin, R, & M,
No, 1894, British A,R.C,, 1941.

¥Kewell, Joseph S, Skin Deep. Aviation, vol. 34,
no. 11, Nov, 1935, pp. 19 and 20 and vol, 34, no.
12, Dec. 1935, pp. 18-20, '

Ebner, H,: The Strength of Bhell Bedies - Theory and
Practice. T,M, No, 838, NACA, 1937.

Wenzek, W, A,: The Effective Width of Curved Sheet
after Buckling. T.M. No, 880, NACA, 1938.



.t

THIS DOCUMENT PROVIDED BY THE ABBOTT AEROSPACE

TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM



TEC

[ _JH\NHﬁ \W LIBRARY

ABBOTTAEROSPACE.COM

20 NACA Technical Note No.8%5

TABLE I.- STRESS COEFPICIENTS FOR a = b, INITTAL
RADIUS OF CURVATURE R.

. b-‘)o / E = —.5000 S, ux, = ‘&500 usi) ury = 2500 ux, \uSyy,
- L} 4’1 ~ ‘
_ 06450 T2, = L0mS0 :%. w,
. Ar [ -

- 2
L128 wiy  —.064S0 -bR—w"
¥

e )
-25 - _ &t - &
e Qgp /E' 2 .?.boc_ud‘.3‘ ur,_,\ . So0D W, 1 Wiy -OMSo-i-u:sj\ 021 S&R—%ﬁ

- 10 O /E = = 2500 W - \250 Lra, -
0 ' Wy Wy 30 2250wy Wi

1
25 ‘e"S,u)E = -, 2500 by W)
13

- 2z -
i 36 il‘b)o/E - -\2-50 U.B‘?b\ ""‘\l‘2-~° \lra‘s

LN Z - %
S : . -, W
x 4 ‘Q,_Q’_‘_ .= 401250 s, ¥ 5000 Wy T2 Uy 2500 usy Wiy,

1»— — 2230 WB)‘ UJ_?);’:
s 4 ‘Q"\P-/E 2 40800 LTp) Wiy 13600 U, Uy, FLOCO usyy W\
a - . 0%00 05‘3\’:3|),, =000 uwS3y "“5'\,"5 3600 Uy US"-._.,‘%
+ .00 = . —
- oY & Uy T eiay :%— W
" _ .
4 dxsn / E = 4 .250 uSoy wizy 2500 b, uxb)\—.zsoo w1 Wy
.
W
b U.J“,., WQJ ‘\' .0\0‘14‘ _'Q_R:— LG‘,_,\
QQ,-,‘;,_/E = +.013%2 Wy, Wz, '\'7_3‘1*03’. \W3,, 7 V2AY w5y W3
- .
— 526 Wy W 02060 _J_Z_:_ wg, ~- 03704 _Qr.wb .
n R

» \6 %4,1/E = Y0400 U, Wy, T AY,3 Wy ) T 300 U3 Wan

Zyo=

25 -0"5,1-/1:’ = 0o74d Wy, Wy ThEOEO Wi, W3



14

16

1?7

TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

NACA Technical Note No. 835 21

TABLE I,~- (CONTINUED )

36ln, / E = —Rw00 un, un,
\L ,@-gsq/\_:: = ta<no Wy b33 ¥ 2250 Wy Wz
\ Q,“,,,/E = 02169 Wy wn, TS wipun, TR wy W,
. 2 1-
- ‘0004‘76\ %— UJ—\\ + .Oosoe\ T UJ‘\;'s
l -
5 vO\Tz)A/\: = ¥ .3800 u;—\\wa.,, T g WSy, +.oa0 urb\ Wy 3
3 00N & Ly, )
o Qr,,&/E = NS2 wo, wyy ¥ 1000 by Wy ¥ ‘°°‘q‘?z% e
bona &2 | ‘_
1274 3 Wi

‘b ‘Q"‘fﬁ-/ E = -\-,2_500 w\;sw%\
& lrsa [E tenmt uy un,
%6 &, o /E = W8 un Wy

T
36 -Qi"o)g., /E = 4.125 U.J‘\:.; * 02T U‘ri)'b

Q* &

1 -QT\)L/E = +.08004849 =< WSy, &+ , 0003170 —E- Wiz
: _ [

26 Q::-'.,_)6 /E' = 4.,8100 Ll USay g + .con33\8 '-_Y‘Ew“\

R
3% Lo, /,; = MR urpwh s
&5, /E =
‘ch.,c /E =0

R

Y . W
' 3Q Q'%b /E = -\-‘OOO'S%C\‘)’ & \.05‘3)\ + .Oczzq('\' —"@"-waaa



#F 8 =

10—

TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

2% NACA Technical ¥Note No. 895

TABLE II.~ EQUATIONS RELATING DEFLECTION COEFFICIENTS
Wo’l, Wi 1 ‘Wa,:;, Wa,l, Wl,z, ANDWS,S, THE RADIUS OF

CURVA H, AND THE AVERAGE MEMBRANE PRESSURE IN THE
X-DIRECTION Py FOR A SBQUARE BUCKLE, a = b, POLSEON!E
RATIO u = 0,%16. LATERAL PRESSURE q AND MENERANE
PRESSURE Py ARE ZERO,

)
o.3%04 Wy, | = 0.0% ur,,, W3 ¥ 0,479, Wo, Wy, W

~Z.0\33 Wy U2 Wi\ ¥ o0.59 Uﬂ)\ L"J'z,\ b;!‘\,3

+ o033
WNa W2, W et Loz, Wy gy W

=5.4026 Wh, U, ur o - >
1,\ 1y 5)3 (.0?. U.'r\,\ UJ-Q‘)\—OlgA' US\‘;\ UJ’;,)\

=S ut oW, - kre
) We, "V W\ Wo,\ —0:02173 (r¥yr!
—L.542% wa = 03046 Uy it
w3 Loy _-2. u.rsé ur%\ —0.0382 W \M\BE
+ 2 3 )

—0. 446 u:.:; %’.’

2
% —oVA1T u.r:; _Q_L;-'

LA
TO.00328¢ u:z‘ .Qf_L

LW T To .4 “3:-5%'

2 2T

LA8IS Wiy = 04053 07 By [E —330 un uny, usas
—=4,02467 UJ-Q)\ UJ"z)\
Yo

.

w‘b)\ % % r‘ag wb}‘ w"-)\ w—\,3
)
N o6eS Wo)uH 1\ way s + 3 Wiyy Wy iy
hog un oW T 46% Wy ur
R 1,3 W3a

-225 Wiy UTh, — Z b 2
Wiz W3 Wi —2.04 Wo, Uiy * 004 sy Lrya

u
-0.1 kS
$ wiy way *oas Wiy Wz = 2,805 uh, w
NN

-3 U.)";- us, + *
3 Y A 3.322% w3 -y 2

=&
S WL FeS My TAC widn
SeS w® e v “* 1:33 Ll
- hy EN - 33 mﬂ - 6% 'U.J“'\‘\
05229 Woop Uiy, —%{-'-0.016‘*3 UWoy w‘ﬁgé
TOMK ., | -
46,0604 i Wiy & 4asy Wiy, Wy %QV
M,)3W‘I-)\ . /R %0 2%49) Wi, Wi,a R
2/

- m.0335Q U-"i“ (.Q,-%}z —‘o,'oloS'l:UJ‘\,% <%/R)

Z



10—
n
1
13

14

17

+2.5 UT,_)\LLT\ 3\*{5 s\ 4 2%5&8 u_}';_’\ UJg)l UJ'333 -\S5.%69
-2as “'r S\ U’r‘l-\

-\&.25 UJ'-:))\ LU’Q_)\ -s, ogs wy

~s 44T Wy Wil T 425 W

TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

3
WACA Technical Note No. 835 2

TABLE TI.- (CONTINUED )

z —
3,259 kzu.)’zb\ = [62) & \’x US’?_,\ /E - 4,027 U"“O,\ ““)\ Qrsa\

+l-\8 UJ'%\ UJ‘\)\ \L'r\,-b + 020688 ‘-”'03\ LU"“\ \.U"s;s

F3%0F wpy Wi Way — 10205 Wy Wiy W3

U2y W3y

> < u:z

Veg A “-"o,\ -2.2\ W W,
-

5 Ur0\ 1243\ uy, > W2\

2
\ -0,5390 uyob\ 2- %
041754 L, W3y % T o .0607 oSy, W s 7R

T 002941 U5y wy Q’/E *0.3070 uny 3 g, ‘Q’/R

-laale “"\%‘*J"bb »Q!'/{ T8N Uy, (Q;-/\,)

- 0,209 "4"\\ AZ —0.6613 u.ﬁ@, .«Qr/({

b Teand
= 341 by Wy fp T 401D g o u

- “

7 2
-\'Oﬁ‘ ‘{(- Ué-o\ W-b)3'416’u3’\\bd’ A UJ'\J\ UJ-\',‘b
$+ 2% U.:\\ Wiy < -3 ’-,;‘ Wiy, Ve 25 w__7- UJ’%\
+6asS ur,j\ una ¥ W14 u:rz_\ Wiy + 6c1S u'rbl

33
S Wil Wiy

\
Zq s UJ'{) &rg)\ R4.6 “-‘5'3,3 a0

— 025 u:r\\ - 205 u:'.,\—os'q?“b-"o\“&s\’%/ﬂ
- 2
4g o024 Woy L33 /K 0.4 153 LIy, W &’/&

+0.106% W2 UM Q?llt T 0.026%q Uy, (‘Q"/ﬁ)

oot s ()



IECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

R4 WACA Technical Note ¥o. 895

TABLE IT.- (CONCLUDED )

_ e )
247.0% \t'\.L Wy 2'0,4053 & \;KUJ‘\‘;/\-_-_ Tis Wo, Wiy Wa,\ .
) - w,
+3-Q° b Uro,\ w;)\ w‘s)\ lo“'-' w’cj\ \sz)\ L%
- \0 .%ot W, LU':)\ u-rg)?,"\s ”\,\ u‘ri,'bw-b \
e
-22.% Wy W, Wa o - O,0A W Wy

3 A
=00 4%N6 Ly LT, ¥ U35, W3, 426 Wig WT3,3

— k3
230 Wy wran ¥33220 uny Uy Fe2S Ul Wi,
c 3
AWB v unp = TAB WY w165 Wy “"1\

—AsS uu'%':' W s =60 ,15

‘)3&)'5‘5"%‘ 6\ wsb

i}
- 007643 Wo, UN, -Q'/K
-0, 0\3\5 W WL B Q"/z * 0.06804 uan:‘,\ 2’7‘?
“ FOILE Ly, QI‘/R L3Sy W &7

“LE2E sy, "4"35 LYy~ ©:018SE un, (’Q"/é)
1 T 0o eXT W CQ”A{)L

\)'b

. %‘
W 0 Wun =518 by Whs B ¥ 0amtet W Wi WA

T
\ v
» \—c.‘\-’IQkLM%\ Way —o.ioqo Woy ufg;),l
F2.3 un, W‘s,\ -3k w) W3 W wy| wna
1 4+ 0.8\ wg\ ury "8 Ur;‘; w‘\>; + W27 oy, uJ‘s)\
= - R A4S u.r,)\ U P '%se\ urb\uif,.—x, 3Lstw— W,
ﬁ
u —2025 \_,;-\3 22025 UJ"3\ —~ 40.5 uTya .
" 00,0272 LIopn W, Q"/ﬁ ""o 1108 m-%\ u.r%.b ,Q-/ﬁ
4

~0,004%06 Wy, CQ%Y - oowd wﬁ:"‘(/é)



TECHNICAL LIBRARY

Figura /.~ Plote with circulor cytindrical inittal shape
' in edge compression under oxial load §_bh.
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