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In Forest Products Laboratory Report No. 1316, rrBuckling of Flat Ply-
wood Plates in Cornpression, Shear, or Cornbined Cornpression and
Shearrrr exact or approxirnate formulas were given for calculpting the
buckling stress of very long (infinite) flat plates under cornpression,
ehear, or cornbined cornpression and ehear when the grain of the face
plies is perpendicular or parallel to the edgee or inclined to thern at an
angle of 45", In certain cases forrnulas for the buckling of finite platee
were given. In others it was pointed out that the buckling stress for a
finite plate could be estirnated with the aid of the curve given in figure
12 of Reirort No. 1316 frorn that of the corresponding inflnite plate. The
forrnulas for the crit ical compressive and shearing stresses were writ-
ten in the forrns:

.zn
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I:This progress report wae originally issued by the Forest Products
Laboratory in 1943.

ZM.irrr"ined at Madison, Wis., in cooperation with the University of
'Wisconsin.
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9"r  = k"  
" "

respect ively.  Values of the constants k.  and k" were given in tables and

curves for several  types of plywood inTeportTo. 1316. Sirni lar values
for further t14res of plywood are given in Supplernent B to Report No. f 316.

In the preeent supplernent approxirnate forrnulas are glven for calculating
the buckling stress of long plywood plates under the types of loading
speeified above when the grain of the face plies is incllned at any given
angLe to the edges. The resultg obtained by using the forrnulas for cer-

taln inclinations of the grain of the face plies and for certain typ^es of ply-
wood are shown in table 9 and in the curvea of f igures 43 to 70.2 I t  is
also pointed out that certain equat ions in Report  No. l316 can be wri t ten
in sirnpler forrns.

1. Notation

2
h

z
a

(z)

The notation of Report No.
stants are defined in terrns

Kl=Ercos4e+Ez

l316 is used. Irr addition the following con-
of congtants previously defined:

ein4 o + zA sinz o 
"o"2 

o

Kz = El  
" i r ,4 

o *  Ez 
"or4 

e + 2A eirrz e 
"o"z 

e

K5 =  a (E t  -  A )  s in3  0  cos  g  -  t (Ez -A)  s ine  .o "3  o

K5 =  + (E t  -  A )  s in0  cos3  e  -  a (Ez-A)  s in3  0  cos  0

?:The figures and tablee in this supplement are nurnbered coneecutively
with those of Report No. 1316 and previous supplernents.
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Rl  =  6(n ,  +  E2)  s inz  e  
"osz  

o  +  2A(s i r r4  e  +  coa4 o

- 4 sinz e cosz e)

The choice of axee and the angle 0 are shown in figure 4 of Report No.
13f6. It is to be observed that tfr angle 0 ls the angle rnade by the
direction of the grain of the face plies with the axis OX which ie perpen-
dicular to the sides of the long plates under consideration.

2. Long Plates Under Uniforrn Cornpression

The energy rnethod wae used as explained on pages 4 and.5 of Report No.
1316. As before the forrn of the buckled gurface was taken to be repre-
sented by the eguation

w = H s 1 n 3 1  s '  7 J t  I
a  

r n  
5 . [ y  

-  t x ,

By the processes previously described
(1) is given by the forrnula

(3 )

it was found that k" of equatlon

o. = 
+- [r", 

,z + 6xrvz + Rr - ,", ,] (4 )

( 5 )

where z and 1 satisfy the sirnultaneoug equations

44z  =y  +
Kz+Rtv2-Ksy-K6y

Kt

z 3K5tz + K5 -  zRt y -  4Kl  y3

lzKl v - 3K6
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3. Long Platee Under Uniforrn Shear

By using the energy rnethod and equation (3) for the buckled eurface it
was found that k" of equation (Z) is given by the formula

.  1T'  f  ^--  z . .  ?.k" =7;;;;; 
l 

t*, z- + 6Kry" * Rl - 3Iq
UL

where z and l satisfy the eirnultaneous equations

'] ( ? )

Kz* Rt  v '  -  Ks y  -  K6 v34  4 .
z  =y  + (8 )

(e)

K l

zKz - zKl y4 - Ks y + 15 v32z =
6x,  vz -  R,

4. Long Plates Under Uniforrn Compreseion

(or Tension) and Shear

Let the shear stresg be f  t i rnes the conrpreesive stress. Then by equa-
t ions (  1) and (z)

k "  = f k .  ( 10 )

By using the energy method and equation (3) for the buckled surface lt
was found that

2
fi

,z+6krv2+Rt-3K6

-4 -

' ]
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where z and l satisfy the sirnultaneous equations

4  4 .
z  =y  +

Kz+ Rr vz -  Ks y -  K6 v3
( 1z)* t

4*zr. - 4Kr (y3 * rva) - zRly + Ks(r - zry) + K5( stl  +zrv3)
2.z=

tzKt (v + fvz) -  zRtf -  3K6

(  13 )

Values of k" and k" are given in table 9 and ln figuree 43 to 70 for vari-

oue types of plywood and various inclinations of the grain of the face
pl ies. The constants of Douglas-f i r  were used in the calculat ions. The
construction and use of the figures are explained on Page 14 of Report
No. 13f6. For types of plywood of symmetr ical  construct ion other than
those glven in table 9 and figures 43 to ?0 the constants k" and \ can be

found frorn the values given in these tables and figures by interpolation
(or extrapolat ion) on the baeis of the rat io EI/  ( t l  + EZ) because, aB ex-

p 1 a i n e d i n R e p o r t N o . l 3 l 6 . B , t h e c o n s t a n t E l f f i n c t i o n s o f t h i e
ratio are found to lie on or very neat to srnooth curves.

From the values of the constants for very long flates as given in this re-
port an estimate of their values for shorter platee can be rnade by using
the  curve .o f  f igure  LZ oL  Repor t  No.  1316.

The constants given in this Supplernent were obtained by an approxirnate
rnethod. Compression tests over a considerable range of types of con-
struction and angles of the face grain have yielded values of the constant
k. that appear to be in sufficiently good agreenrent with the approxirnate

theoretical values, coneidering the nature of the testand the variability
of the plywood. In buckling tests of panels the reeults are very sengitive
to the effects of edge conditions and initial curvature. Definite conclu-
sions will not be drawn until the test prograrn has been cornpleted.
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Sirnplified Forrns of Certain ione in R r t  No.  1316

Equa t ions  (12 ) ,  ( zB ) ,  (321 ,  (3? ) ,  and (43 )  o f  Repor t  No .  l 316  canbe  s im-

pli f ied by collecting the terrns in Llzz and ueing the expressions (t l) ,
(29)-, (33), (38), and (44), tu"p..@. The sirnpli f ied equations, nurn-
bered as before, are written below.

n"=+ 
1""'+6oyz+R-

+ 6n1vz

(  r7)

(28 )

(32l

(  3?)

(43l,

+6cy2+R

- ,^]
z

l,o*

[ , " , "

ks

nz
k "= l z t  ( l  +  Zy f )  E ,

t2
I z I  (1  +  zy f )  E "

+ 6E1vz

+ 6cyz +k "=
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Table t.--Buckling of }ong pllwod plates under conbined conpression or tension and shoar. (continuad)
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hb l .  9 . - -B  .  (con t inued)
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Table !.--Buckling of lonB plywood platas under conblned conrnession or tension and shear. (continued)
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EXPLANATION OF F'IGURES 43 TO 70

The following figuree show aseociated values of k" and k", the constante

in equations (35) and(a0) of Report No. 1316, toiitte UrFtfing of long
rectangular platee of plywood under cornbined uniform corrrpression (or
teneion) and shear. The edges were taken to be simpty supported. The
constants for rotary-cut Douglas-f ir plywood were used in the calcula-
tions of the coordinates of the points on these curves. Curves showing
the ratio of the half wave length b to the width a and the slope y of the
wrinklee ae functions of k" are pTotted to the tift in each figurE.

Repor t  No .  1316-C
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