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) TRCENICAL NOTE NO. 1347

CRITICAL COMBINATIONS OF SHEAR AND LONGITUDINAL DIRECT
STRESS FOR LONG PLATES WITH TRANSVERSE CURVATURE

By S. B. Batdorf, Murry Schildcrout, and Menusl Stein
SUMMARY

A theoretical solution is presented for the buckling stresses
of long plates with transverse curvature loaded in shear and longi-
tudinal direct stress. The thecretical critical-stress cambinations -
for pleates having either simply supported or clamped edges are given
in figures and tables and a comparison is made with a previcus theo-
retical sclution for simply supported plstes.

In the compression range theoretical curves are unsuitable for
use in design because long plates with substantial curvature loaded
in axiel compression buckle at stresses that are much less than the
A theoretical values of critical stress. An investigation was there-
fore made to determine the modificetions required to make the theo-
retical curves compatible with the available experimental data for
plates in axial compression. Interaction curves based upon this
investigation are provisionally recommended for use in design. Both
theoretical and suggested design curves are essentially parabolas,

~ & circumstance which permits simple approximate interaction formulas
to be given.

INTRODUCTION

Theoretical solutions to a number of problems concerned with
the determination of the critical stresses which cause long curved
plates to buckle have been presented in various investigations. In
references 1 to 3 shear alone acting on both simply supported and
clamped plates is investigated; in references 4 and 5 direct axial
campression elone acting on both simply supported and clemped plates
is investigated; and in reference 6 the critical combinations of
shear and direct aximl stress for simply supported plates only are
given.

¢

The present paper deals with the determination of the combina-
. tions of shear and direct axial stress which cause plates with either
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simply supported or clemped edges to buckle (appendix A). The
present solution as well as the solutions of references 1 to 6 is
based upon the small-deflection tlieory. As curved plates loaded in
axial compression may buckle at a stress much less than the theo-
retical value, the theoretical interaction curves of reference 5 and
the present paper must be modified in the compression range for use
in design.

An investigation was therefore mede of available experimental
data on tho critical stresses of long plates with transverse curva-
ture loaded in axial compression (appendix B), and approximate inter-
action curves incorporating these results were developed anéd are
provisionally recommended for design purposes. The results of the
Present analysis are given in the form of tables, interaction curves,
and formulas.

SYMBOLS
b width of plate
m, n, J Iintegers
r radius of curvature of plate
t thickness of plate
u displacement of point on medien surface of plate in axiel
(x-) direction
v displacement of point on medien surface of plate in circum-

ferential (y-) direction

w displacement of point on medien surface of plate in redial
direction; positive outward

x axial coordinate of plate
y circumforential coordinate of plate
Etd
D flexural stiffnese of plate pecr unit length [ ——ee———o
12 (l - pc )
B Young's modulus of elasticity
Q mathematical operator defined in appendix A
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(R )th
(2,)

(Re )t‘n

0
curvature parametor (l)'{ l - or ( ) \Il - )
r

coefficients of deflection functions

2
ksn'D

shear-stress coefficient appearinq~ in squation T = —
.2
07t

direct-axial-stress ceefficient appearing in equa-
Xy D

tion ¢
o2

diegonal elcment in 3tability determinant

theoretical shear-stresa ratio (ratio of shear stress
present to theoretical critical shear stiress in absenco
of other stresses)

empirical direct-axial-stress racio (ratio of cirect
exial stress present to empirical critical direct
axiel stress in absencs of other strosscs)

theoreticel direct-axial-stress rctin (ratio of dirsct
axial stress present to tiaeorsticel direct axial stiess
in abseunce of other stresses)

doflection functions defined in appendix A

igcession For ;
¥TIS GRARI 0
DIIC TAB 4

Unann, od
half wave length of buckles in axial direction, ;.311;:::‘1.. -

Poisson's ratio
By

direct axial stross in plate Diswrivutionfyen.
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R et

Avail sed/er
Dist Spoeial
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shear stresg in plate
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I L ab
Vh-Q—--FQ d + &
Bxh x® ay2 Oyh

¢ ™" = inverse of v, defined by v'z"(v’*w) = W
RESULTS AND DISCUSSION

Thooretical results.- The ccmbinations of shear end exlal stress
which cause long plates with transverse curvatire tec buclile may be
obtained from the equations

T = kbneD
et
k(an
Oy = -
b2t

vhen the stress coefficients kB and 1:,c are known. The theo-~

retical cambinatione of strces coefficients for plates with simply
supported edges and clamped edpes are given br the interaction curves
of figures 1 and 2, recpectively. In these fizures, the dashed curves
for Z = 0O are flat-plate solutions obtained from reference 7.

In figures 1 and 2 interaction curves are presented for varlous
values of the curvature perameter Z up to 30. The interaction
cwves are very nearly parabolas yassiny through the points giving
the critical streas coefficionts for shcar alone and for axial stress
alone. These stress coefficients for any value of Z mey be obtained
from the thecretical curves of figures 3 and 4, which incorporate
results derived in reference 3 and in appendix A of the present
paper. Additional calculations made for cwrved plates both with
simply supported and with clemped edges indicate that for all values
of Z up to at least 1000 the interaction curves continue to be
approximately parabolas (computed valuea glvea in table 1). These
results are confirmed for simply supported plates by the results
given in reference 6.

Empirical results and design curves.- Reference & shows that
curved plates in shear buckle at stresses close to the theoretical
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criticel strasses. Plates of moderate or high curvetwre in axial
campression, however, buckle at stresses much less than the theo-
retical critical stresses. (See references § to 1ll.) The theo-
retical interaction cwves aie theiefore seriousl; wiccnservative
for plates of moderate or hish curveture whoen crprecicble ccmpression
is present and are thus unsuitabla for use ir thLs daesign of such
plates. This discrepancy between the actual ané. the theoretical
ccmpressive stressos is bLelieved to ve dune to nonlincar effects which
are not accounted for in the small-deflecticn theory. The fruction
of the thecretical critical stress at which these eflects assume
importance depsnds upon the initial accentricities of the plate.

Because the ratic r/t 1a a rowsh measure of the initial eccen-
tricities likely to be prcsent in practical construct.on, the tsvailable
experimental critical compreesive etresses were plotted in separcte
groups according to the velue of r/t of the plate and a separate
curve was faired through each ~roup. (See appendix B.) The rosults
are sumarized in figwe 5. The ompirical curves have the same
general trend as tihe theoretical curves and at Ligh velues of 2
approach straiziit lines given epproximstely by the formula

. : ky = <§.68 - o.0005§)z

for values of r/t betwoson 500 and 200C0. (Sece appencix B.)

The true ‘nteraction curve for a ilveun curved plete met pass
thrournh the exporimental point for pure compression, wihich can bo
obtained from figuwre 9, and alsc throw:h the erperimontal peoint for
pure shear, which falls slihtl; below the theoretical value indi-
cated in figure 3. Because tiie small-deflaction theory gives fairly
accurate results except in the presence of substantiel axial com-
preseion (reference 1z), the themxetical curvs must be approximately
correct in the tension and pert of the ccmoression rango. The true
interaction cwrve is therefore presumadly somevhat like the dashed
curve in fiqure 6. The absence of experimontnl data does not pormit
accurate plotting of this curve; the:refore an approximate deeign
curve consisting of two parts (as indiccted 1. flg. 6) is ouggested.
One part, applyinsg to the compreseion range, is the parabola passing
throurh the points corresponding tc the experimental criticel com-

\ prossive stress and the theoretical critical nheaxr stress (obtained
from figs. 5 end 3, respectively). The secon? part, applying to the
tension renge, is the thooretical curve which is essentially the
parabola passing through the points corresponding to the theoretical
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critical stress in pure ccmpresaion and pure shear (obta:reé Irom
figs. 4 and 3, resvectively).

OTTERACTION FOIMULAS

The theoretical interaction curve for o long vlute with treas-
vorse curvature loaded in shear and longitucinal direct stress is
very nearly a parsbola passing throuzl the theoretical polats corre-
sponding to shecr alone ané to axial commreseion alono. This parebola
may be expressed in stress-retio foria by the equation

(\RS thg + (Rx)th = 1

As long pletes with transverse curvature in cxial ccanression
buckle at a stress consilerably less than the tho~roticel critical
etress, the theoreticel) interaction cuvrve is unsuitabtle for d=28i-n
purposes vhenever & substantiel amount of ccmmression is prescnt.

In the ahsence of test data on curved plates buckling wider carbined
shoar ané cumpression, an irnteraction cmrve comjnsed of two parts is
provigsionally recorme::ded for Resirn. This interaction cwrve 1s
described by the follcwing equetions: For combined shkaer ernd com-
pression,

(Rs)the (R:). =1

IXp
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and for combined sheer end tension,
2
R B 3 R = 1
(= th ( ‘)th

Langles Memorial Aeronautical ILaboraotory
National Advisory Ccrmittee for Acronsutica
Lengley Field, Va., March 20, 1yk7
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ATPEIDIY A
THEORTTICAL SOLUTION

Equation cf equilitrium.- The combinations of shoar znd direct
axial stress vhich cause long curvod plates to buckle ray be ootained
by solving the following equation of equilidbrium (reference 13):

b 3l 2
Dvhw+§-t‘7h-a-—-+?‘l’t—d-;+oxté'2-!-0 (A1)
12 ax®t ex &y ox?

vhere X and y are the coordinates indfcated in the following
figoe:

7 TN
f‘JN\Q
YN
<
YN
‘\f\
V"\

Division of equation (Al) by D gives

2 _, b 2 \2 2
v"\ulzﬁ v"-a—-,‘-':,?tg—‘ A BN
b ax vy b2 an?
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wvhere the dimensionless paremeters 2, k,, and k, are defined by

0,tb°

2D

Equation (A2) can be represented by
Qve O (A3)

vhere Q 1s defined by the operetor

v 1022 a2 ¥ 2F
v e==9 NP I ML AR
A T Y

Method of soluticn.- The equation of equilibrium mey be solved
by wsing the Galerkin method as given in reference 1k. In the appli-
cation of this method, equation (A3) is solved by the use of a suitadble
series expansion for w as follovs:

J
Ve Zg_vn s g;b'\l- (Ak)
=]l e

In expression (Ak) the functions V,, V,, « - - V4, and Wy, Wy, . . . W,
individumlly setisfy the boundary conditions on w bdut need not esatisfy
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the equation of equilibrium. The coefficients ay ond b, are
then determinod by the equations

b par ]
ff vnQvéxdy-O
0 yo
» A
f f Vndexd,y-')
0 voO ]

mmnﬂl,e’B,oonJ.

> (A5)

The doundary conditions ccnsidsred in thoe prescnt peper are as .
follows: for esimply supported edges, vna—el'-u-o and v o
& .
unrestrained; aond far cleaped edces, v-?—"-’-v-o and u fis
wrestrained. 7

Solutton for rlates vith sluply supported cdeea.- The folloving
infinite sorise sxpaneion, wiich inncrpurntes 8 get cof fuictions thet
19 complete (oubject to tho limitation of periodicity with wave
length 2. 1in the longitudinal direction), can be wod to reprecent
exactly the dicplacement v of curved plates vith simply ocupported
edges: »

Vs ein-—-Za.em-—wococ-—Zb.em—— (46)

In eddition to satisfying the conditione on w at the edges. expres-

eion (A6) also satisfies the conditions that the axtal displacement u

is equal to O and the circumfercntial displccement v ‘s unresirained

et the edgos (see reference 12). Expression (A6) is equivalent to .
exprossion (Abd) if

-
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V_ = 8in & gin 2Y
n A b

< (A7)

W -coegeinm

Substitution of oxproeaicna (A6) and (A7) into equations (A‘j)
and integretion over the limite indjcated give

A = |
. ln (n2 + 32)2 + m?p -
l" (n2 + 32)2 Z n? -
> (a8)
2 + 92 2 + mﬁ?pk - 2 + 3’1& m )
b (n ) .h(ni’ + B?)? = " =1 n? - m? °

vhere B 2 n ie o0dd and
Bl
A

n.1'2,3,oo-

Bquations (A8) have a solution in which the coefficients aj
~and the coefficients b, arc not all zero only if the following

o determinant of the coefficients of a, and b, vanishes:
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n=1

n=2

n=3

n=4

n=6

n=2

n=3

n=h

o

w i

8.5 86
0o o0
0 0
0o 0
0o 0
1
™ 0
8
1
0 =M
kS
6
(0] - —
35
A0 4
21
o .2
3
20 4
9
30
° -3
EU
11

by b
o
O -—
3
.2 9
3
o -2
5
L
-]3 0
o -2
oL
T
35
1
T{—Ml 0
8
1.
0
K e
0 0
0 0
0 ©
0 0
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o &IF

e

o

o

b5
0

10
2l

(A9)
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where
2 1064 72

w (n2 4 p2)?

By e rearrangement of rows and columns, the infinite determinant cen
be factored into the product of two mutually cquivalent infinite subdeter-
minants. The resulting equation, which determines the critical stress
combinations, is

2
- kB

= 21+ 87)

a; bo a3 bh as, bg e by  ap b3 a), b5 8g eee
n=l-i—s-Ml % 0 -llig 0 % .. 0 0O O 0 0 0 ..
n=2 :;'- %:;Mz -g 0 -;—(13 O «.. 0 O O O O O ...
n=3| 0 -g %{-;M3 -31:3 0 -32- . 0 0 0 0 0 0 ...
n=l % 0 %?- %éMu -S—O- O ... 0O 0 O O O O ...
n=5| 0 -é—‘]?_- 0 -529 -11;:45 %‘i‘ 'ee. 0 0 O O O O ...
n=6 % 0 % 0 %{ -1];—:46 ees O 0 0 0 0 0 ...
A
=1l 0 0 0 0 o0 O ...i-ml -% 0 -% 0 -%
2l 0 o o o0 o o .. -% %:42 —g 0 %—% 0 vee
n=3] 0 0 0 0 0 0 ... O .g. %-S-M3 -}(2 0 -%
bl 0 0 0 0 0 0 ... -li“- 0o 22 I 2 o ...

5 7 k9
50 0 0 0 0 0 0 .. 0 Z o0 S_Q %{j 2o
n=6| 0 0 0 0 0 0 ... -% o) -§- 0 -5_-91- {;—:46

(A10)
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The first approximation, obtained from the second-order deter-
minant (upper left-hand corner of either of the infinite esubdeter-
minants), ie given by

kg2 = %Mlm2 (A11)

The second approximation, obtained from the third-order deter-
minant, 1s given by

o MMMy

2.
36 &
5t g

k (A12)

The third approximation, obtained froam the fourth-order deter=-
minant, is given by

48 8\ _ of1kk 36, - 16 4 L ~
(e 5) - B B ) im0 (3

Each of these equations shows that for a selected value of the
cuwrvature parameter Z +the critical combination of stresses which
will cause a long curved plate to buckle depends upon the wave
length. Since a structure buckles at the lowest stress at which
instability can occur, kg 1s minimized with respect to the wave

length by substituting values of B 1into equations (All), (Al2),
or (Al3) for a chosen valus of k, until the minimum value of kg

can be obtained from a plot of ks against PB. Table 1 presents

the camputed interaction data; the results are substantially the
same as the results of referonce 6.

In order to determine the critical otress coefficients for the
buckling of a long curved plate loaded in axial compression alone,
oquation (Al0) is solved by setting kg equal to zero. In the

resultant equation all tho off-diagonal terms are equal to zero.
The solution to this equation is

A (ALk)
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For the minimum value of the stress coefficient that satisfles equa-
tion (Alk), the relationship

M) =0 (A15)

must be satisfied. The value of k, given by equation (A15) is

(g2, 0F . 1ez%p?
52 “h(BQ + 1)2

(A16)

Equation (A16) shows that the buckling stress is a function of
the wave length of the buckle and the minimum value of k, is found

by minimizing k, with respect to f in a manner similar to that
used to find the minimum value of k_  in equations (A11) to (Al3).
Figure L gives the criticel axial- compressive-stress coefficients
for long curved plates with simply supported edges; the results are

the same as the results presented in reference U4 for plates with
simply supported edges.

Solution for plates with clamped edges.- A procedure similar to

that used for plates with simply supported edges may be followed for
long curved plates with clamped edges. The deflection function used
i1s the following series:

W= 8in — Zam[:os )Ky cos -g-?;-;];)—"-y—}

]

+ cos 2X bm[ (m . l)ﬂy cos MJ (A17)
A b
D=l
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Each term of this series satisfies the conditions on w &t the
edges and in addition the conditions that the axlal displacement u

is wnrestreined and the circumferential displacement v is equal
to O at the edges (see reference 13). In this case,

v, = sin 2=|cos -V oo+l
A b b

> (A18)

b

W =cosﬁcosw-cosw
n A b

where n=l,2,3000

After operations correeponding to those carried out for the

case of simply supported edges are performed, the following simul-
taneous equations result:
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PO 87 U
(T +u)-o(T + W) (T ~u)- (1T +m) (T +u) - o(T - w) Nﬁonvnm?;svﬁ o
+ - - B Y -
o(T + ) 2(T + m) 2(T - m) 2(T - u) w
TR+ - T-0@-Ug - (T + T-Ty)¥%

* e G ‘q g =u aog

6-g(T+u) T-g(T+m 6-g(T-uw T-5(T-uf SET

= . - - - &g - (€ T )
N TR R (D 2(T - ) (1 - up ae.w % - Gita - (G + Tl
) 2=u Jog

_ :-mﬁ,vav :-mﬁ,av_ 9‘n‘e=u .

- 2(T + m) * mﬁ..uav.. Ew 1.% M..szp-Aos+ovap
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2(1 + m) 2(T + m) 2(1 - m) 2(T - w) -
T | T-0e-Up _ (T+ + T-9y)%
o o o qm q: qm =Uu JI04

u J04

| T +m) T-(T+w) 6 - 5(T-mw H-mﬁ-avs €T
= - - Ve Cite - (Eq+ T
S(T + m) + 5(T + m) 5(T - m) (T - @) IaV %% + tyile Az+ zvm
g=u xog
-t +m) :..mﬁ-ava “fe=m .
S R m:-s;pM =+ S - (% + Oe)Ts

T=u Jo4




18 NACL TI No. 1347

and

The infin‘te determinant formed by equations (Al19) can be rearranged
80 as to factor into the product of two mutually equivalent infinite sub-
determinante, as in the solution for long curved plates with simply sup-
ported edges. The critical stress combinations are obtained by permitting
one of the subdeterminants to vanish. The resultant equation is

al ‘o2 a3 b!; a5 b6 ces
RIES 32 1 o4 32
n=1 ks(momg) 5 1?:42 05 0 =
32 1 2322 L 32
n=2 = ka(Ml.M3) T kSM3 = 0 ...
_af .1 322 1 e, 72 L 1376 .
=i s B0 5 i T
- 6k A 2 1 4160 1 _
n-h '105 1';'8'*43 315 ks(MB‘FM)') - 93 'i—s'M‘j LI = o
n=5 0 32 -LM 4160 —J-'-(M M, ko
35 Iy * 693 Ik \* ) 5 P
32 1316 R okto 1
=6 35 ° 1155 E;MS 1207 ks(MB““M?)
(A20)
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The first epproximation to equation (A20), obtained from the

second-order determinant (upper leit-hand corner of equation (AZ0)),
is given by

2
x,° = (.;-Z) (2 « Mp) (M + 13) (421)

The second epproximation, obtained from the third-order deter-
minant, is given by

k2. (g + 15) [z(%+M2)(Me + 1) - 2]
() +m) - ()2 + (2 (o + )

The third approximation, obtained from the fourth-order deter-
minant, is given by

<1962 - BT -~ (e o
(B 0+ we)ns + ) (85 0+ ) )
+ (52~ )t - 1) - (), - )
- () Gatrs + ) - () (o + )
By [(DE) O]

+ [2”‘0(“2 + M)+ MeMuJ [Ml(Ms + M5) + M3"‘5_] =0 (A23)

=

=
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These equations are solved for valves of Z between C ard 30
in a mamner similar to that used in the problem of the buckling of
curved plates with simply supported edzes - that is, by substituting
values of B into cquations (A21l), (A22), or (A22) for each value
of Z and a given value of ky until the minimum value of kg 1is

obtained from a plot of P agminet corresponding velues of kg As

the value of Z 1increases, the higher Fourier comporents of the
buckle deformation increase in relative importance, and instead of
determinants in the upper left-hand corner determinants farther dowm
the principal diagonal are used. The computed interaction data are
Presented in table 1.

In order to determine the critical stress coefficients for the
~ buckling of a long curved plate in axial campression, equation (A23)
is solved by zetting ks equal to zero. The solution then is

-

'-QMO(MQ + Mh) + MeMu] [MJ_(M3 + M5> + M3M5] =0 (A2k)

Equation (A24) 18 solved in & manner similar to that used for
the problem of the buckling of a curved plate with simply supported
edges under axisl compression - that is, by substituting values
of B into equation (A24) until the minimum value of X, is found

from a plot of k, against B. Figure 4 gives the critical axial-

compressive-stress coefficients for long curved plates with clamped
edges, and these values are in substantial agreement with the results
presented in reference 5 for plates of low curvature with clamped

edges.
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APPENDIX B

DETERMINATION OF EMPIRICAL CURVES FOR BUCKLING
OF LONG PLATES WITH TRANSVERSE CURVATURE
LOADED IN AXTAL COMPRESSION

Curved plates loaded in axial compression buckle at loade which
are much lower than those predicted by theory (see references 9
to 11). In order to determine the loads at which actual curved
plates would buckle an empirical investigation was carried out.

When plates have anpreciadble curvature, the critical campres-
eive stresses are virtunlly independent of the ratio of the axial
length to the circumferential width of the plates, if this ratio is
greater than about 1. The test data obtained in various investi-
gations for the buckling of curved rectangular panels having a ratio
of axial length to circumferential width greater than 1 were plotted
in figures 7 and 8 by using the parameters of the small-deflection
theory. These figures chow that as the radius-thickness ratio of
the plates increases the buckling stresses decrease. A series of
curves depending upon the ratio of radius to thickness was there-
fore drawn through the average of the test points; these curves give
the compressive-buckling-stress coefficients for actual curved plates.

At high values of Z the curves approach a series of straight
lines which are parallel to the theoretical curve. These straight
lines are functions of r/t and may be approximated by the equa-
tion kx = CZ vhere C 1is a function of r/t cxpressed by the

equation C = 0.68 - 0.00055. This expression for C, plotted in

figure 9, wes obtained from experimental results given in figures 7
and 8. As Z decreases and approaches gero, the empirical curves
approach the value of k& = 4 which is the theoretical compressive-

stress coefficiont for the dbuckling of flat plates vith simply sup-
ported edges loaded in longitudinal compression. (See curves for
simply supported plates in fig. 4.) The empirical curves of figures 7
and 8 may therefore be used to dotermine the compressive buckling
stresses of cwrved plates with simply supported odges.

In order to detormine the stresses that cause curved plates
with clampod edges to buckle, it is necessary to modify the curves
of figures 7 and 8. The longitudinal loeds which cause buckling
aro practically independent of edge restraint at large values of Z.
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(See fig. 4.) Flat plates with clamped edges loeded longitudinally
will also buckle at a otress which agrezs closely with the theo-
retically precdicted value (reference 15). The curves of figures 7
and 8 are therefore modified for curved plates vith clamped ednes
by fairing smooth transition curves betwecn the theoretical values
at low values of the curvature parameter Z and the empirical
values established for the dbuckling of curved platec at high values
of 2. The results are shown as dashed curves in fizwre 5.
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THEORETICAL COMBINATIONS GF tI'EAR-STR=SS AND DINECT-AYIATL-STRESS

COZFFICIENTS AID CCRRESPOIDIG VALUZS OF p°2

First l Second ‘ Third
2 X approximation | epproximstiorn | epproximation
” x, | 8 | k| p2 1 K B2
8
e 1 | |
Curved plates with simply gupported edges

p) -3 7.80 | 0.38 7.35 | 0.45 T.3% | 0.07
-1 6.67 47 6.34 52 | ee-e- -e--

1 5.3b .6C 5.13 63 | ----- .---

3 30& 176 3.52 070 ----- -eee
b .35 .50 2.33 WG | =ee-- ---

k.76 265 | 1.0 265 | 1.0 | ----- .---
10 -k 8.9% .28 8.4% i 8.5 .33
-2 8.00 .30 7.63 <39 7.63 ko
2 5.92 A1 5.67 M7 | eeee- .
L k.55 53 L.k} ST | === c—--
) 3.71 .€0 3.62 G O cee-
6 2.65 7 2.61 | .75 | ~---- ——--
7'03 056 09 056 098 ..... coecw
30 -5 12.58 10 | 11.94 12 | 11.92 12
-2 11.73 .11 11.18 12 | eeee- ceew
5 9.5 .12 9.24 12 | aee--

10 70% 012 7-& 12 | ==--- indadadnd

15 5.33 12 5.58 12 | -ee-- cee-

18 3. a2 | 395 | 2 | eeee-

21 55 .12 .55 12 ] eeee- cee--

100 10 21.80 03 | 20.61 o1 20.61 0k
.5 2007 003 19083 003 """ coea

20 16.54 03 | 16.04 03 | =ee-- ————

ho 12.57 03 | 12.35 €2 | emee- -—--
2 10.13 .03 | 10.04 03 | =---- —---

) 7.15 .03 7.11 03 | ~=ee- cee-
69.5 1.8 .03 1.8 03 | ==--- —e--

FATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS




26 N.-\C:\ T\I IT » 13’,}7
TABLY, 1 - Continued

THECRTTICAL COMBINATIONS OF SHEAR-STRESS AND DIRICT-AXTAL-STRESS

COEFFICIENTS AND CORRESPCNDING VALUES OF B2 - Continued

First Second Thirc
E approximation | approximastion | approximation
Z :
* X g2 " p2 X pe
8 8 8

Curved plates with simply supported edges

© 300 | -100 k2.9 | 0.00 | 40.58 | 0.01 | 40.53 | 0.01
-50 33.8 01 36.90 Q01 | =m==m | -- -
0 34.34 0l 32.95 Ol | ===e= | meee-
50 29.50 | .01 28.53 | . .01 | =-=-= | ~=-=-
100 24.10 .01 23.60 0L | =meen | meena )
150 175 0L | 17.3 O | mmemm | meee-
210 1.8 .01 1.8 01 | meeee | eeeaa
- 1000 | =200 72.0 .003 | 68.65 003 | 63.55 .003 ‘
0 62.6 003 | 60.16 |- .003 | 60.03 .003
200 52.0 .003 |'50.5 .003 | 50.3k .003
400 39.5 .003 {-38.7 003 | mmmme | aeeas
€00 22.6 003 | 22.4 |. .003 | ==-=< | ===~-
700 3.6 .003 3.6 | 003 | =mmee | amu--

Curved plates with clamped cdges
12.78 [ 1.03 | 12.11 |

1 -5 1.2 11.91 | 1.23
0 9.59 | 1.4l 9.3% | 1.5 | eceen | amean
1 8.88 | 1.50 8.66 | 1.6 | ===== | ===an
3 7.19 | 1.75 7.15 | 1.8 | =eme= | ace--
5 5.16 [ 2.00 | 5.15 | 2.1 | ===== | ==---
7 1.87 | 2.28 1.09 | 2.3 7| meeme | 2ene-
7.09 0 2,30 | ~emmm | wmeee | ccmma | meea-
5 -6 14.23 | 1.10 13.14 | 1.26 | ==cew | ~e-=-
0 10.46 | 1.56 10.00 | L.67 | ===== | =====
2 8.94 | 1.8 8.69 | 1.80 | =-=== | ~=---
Ch 7.20 | 2.07 7.12 | 2.08 | =em== | ~n---
6 5.06 | 2.35 5.06 | 2.35 | =meee | aee-- -
15 2.73 | 2.53 o477 | 2.60 | =-=en | ~-n--
7971 0 | 275 | emmem | cmmee | emeen | aeaes
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TABLE 1 - Concluded

TEWORETICAL COMBINATIONS OF SHEAR-STRESS AND DIRECT-AXIAL-STRESS

CORFFICIENTS AWD CORRESPONDING VALUES OF R°

= Concluded

First Second Third
g X appreximation approximetion approximation
7.
2
kg p kg p2 g p2
Curvecd. plates with clamped cdzes
10 -7 17.13 1.30 14.84 1.50 | ----- c——-
0 12.6¢ 1.92 11.49 2.0 | cme-= ————
1 11.06 2.0% 10.93 2.13 | ee--- ————
5 8.65 | 2.50 8.07 | 2.60 | ----- -—--
1 6.62 3.00 6.52 2.95 | =n==- ————
9 4.00 3.34 3.98 | 3,26 | e---- c——-
10.14} © 3.75 | ===-- I ----
30 -15 36.92 2.00 23.8 1.55 23.22 1.8
0 28,23 3.32 18.4% 2.65 18.10 2.75
5 23.86 | L.20 15.21 305 | amee- ---
10 18.92 | 5.20 | 13.64% | L.2g | --e--
15 13.32 6.50 10.51 550 | ~wee- ————
13 9.50 7.%0 8.18 6.70 | ==--= c——-
21 4L.85 8.60 h.72 8.35 | =----- -
22.39 0 oY | eeees ceee | ceea- -————
10¢0 250 105 25 92.5 N R i
ols} 7.5 .22 78 56 | em=-- -
500 0 24 68.5 .02 62.5 1.h4
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Fig. 2
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Fig. 4 NACA TN No. 1347
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Figure 4.~ Theoretical compressive-stress coefficients for long
plates with transverse curvature having either simply supported or
clamped edges,
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Figure 5.~ Design and theoretical compressive-stress coefficients
for long plates with transverse curvature having either simply
supported or clamped edges.
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Fig. 6
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Figure 7.- Test points and design curves for plates having radius-
thickness ratios of 500 and 1000 compared with theoretical curve
for plates with simply supported edges loaded in axial compression.
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Figure 8.- Test points and design curve for plates having radius-
thickness ratio of 700 compared with theoretical curve for plates
with simply supported edges loaded in axial compression.
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