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BUCKLING OF STIFFENED, FLAT, PLYWOOD PLATES IN COMPRESSION

A Single Stiffener Ferpendicular to Stress,

Face Grain of Plywood at 45° to Its Edgesd

By

T, B, HEEBINK, Engineer
and
C, B, NORRIS, Engigeer

Summary

This report presents the results of tests performed at Forest
Products Laboratory on flat plywood plates, stiffened with single, hori-
zontal stiffeners, and loaded vertically in edgewise compression, with the
stress applied at 45° to the direction of the grain of the face plies., 4n
approximate formula for the critical stiffness of the stiffeners is pre-
sented, which was obtained from data on 74 tests of 9 stiffened plates.
The development of the formula makes use of several assumptions; it 1s
believed, however, that the assumptions are reasonable and that the
formula safely applies to plates of any practical dimensions,

Introduction

In aircraft structures involving plywood, panels are frequently
employed in which the grain directions of the various plies make angles of
45° with the edges of the panels., Such panels are very strong and rigid
when subjected to shear stresses and can be used economically at positions
in the structure where such stresses are high. A panel used in this way,
however, may also have to carry an edgewise compressive stress and if
designed for the shear stress alone may have insufficient elastic
stability to withstand the required compressive stress. This difficulty

il -
=This is one of a series of progress reports prepared by the Forest

Products Laboratory relating to the use of wood in aircraft. Results

here reported are preliminary and may be revised as additional data
become available,
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may be overcome by fixing a stiffener along the central line of the panel
and perpendicular to the direction of the compressive stress, Good
design requires that the stiffener be just heavy enough to cause the
panel to act essentially as two independent panels when it is subjected
to the edgewise compressive stress. The study reported here was under-
taken to determine the minimum size of a stiffener adequate for this
purpose,

The plywood plates tested were approximately square, and a rather
deep stiffener was glued to one face of each plate on the horizontal
centerline, The plates were tested in vertical edgewlse compression.
The stiffaners were then reduced in depth by small increments. The
plates were tested after esch reduction, and compressive strains were
measured a®% various points, As the stiffeners were reduced in size, the
pattern of the buckles changed progressively from a full wave (a half
wave 1n each half of the panzl) with a node at the stiffener to a half
wave with an antinode at the stiffener.

By ploiting the data from these tests against suitable parameters,
it is possible to determine the critical size of the stiffeners, which is
defined as the stiffress that is just great enough to cause the plate to
buckle intn two hzlf waves. The critical stress of the plate with such a
stiffener is considerably greater than that of the unstiffened plate,

The critical stress of the plate, both with a stiffener of critical size
or greater and without a stiffener, can be computed by the method out-
lined in Forest Products Laboratory Report No. 1316-G.

Description of Specimens

All the plywood plates were cut from three-, four-, or five-ply
yellow birch or yellow-poplar plywood of aircraft grade. In the three-
and five-ply panels, the direction of the grain of each ply was
perpendicular to that of the adjacent plies, The four-ply panels
differed only in that the grain of the two core plies was parallel,
making in effect a three-ply construction with a center ply of double
thickness, The widths of the plates were 12 and 18 inches; the lengths
ranged from 9-1/2 to 18 inches, In the tests the load was applied to the
ends of -the panels, The direction of the grain of the face plies of each
Plate was at an angle of 45° to the direction of the load,

_ The stiffeners were made of. Sitka spruce and varied in width from
3/16 to. 3/8 inch and in depth from O to 1 inch, ZEach stiffener was cut
1-1/4 inches shorter than the width of the plate to which it was glued, as

. shown in figure 12.§v,The plates and the stiffeners were stored in an
atmosphere of 85 percent relative humidity at a temperature of 70° F, both

before and after assembly and until time of test.

he figurés, tables, and equations in this report are'numbef?%onsecutively
with these of Forest Products Laboratory Report No, 1553,
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Procedure of Tests

The apparatus used and the test methods are identical-to those
described in Forest Products Laboratory Report No. 15563, with the exception
of the method of determining the critical load.

A modification in the method described in Report No. 1553 of the
determination of the critical load was found to be necessary. Exploratory
tests in which this method was used indicated that in many instances the
average strain at the center of the plate continued to increase with
increasing 10ad, even after the plate was obviously buckled; thus it was
impossible to determine the critical load. The following modified method
was adopted. The compressive strains were measured at points one-half
ineh from each edge just below the horizontal centerline and just below
the center of the plate by averaging values obtained from strain gages
(fig. 13) placed on opposite faces of the plate, Typical load-strain
curves for these points are shown in figure 14, An apparent critical load
was found by plotting the difference between the average of the strains at
the edges and the strain at the center against the load. This resulted in
a curve which changed direction rather suddenly (fig. 14). The load a}
the intersection of the extensions of the two straight-line portions of
this curve was picked as a critical load,

It was discovered that this apparent critical load, obtained by the
strain-difference method, is not equal to that obtained by the method
described in Forest Products Laboratory Report No. 1316-D, in which the
edges of the specimen were adjusted until buckling was indicated by a
sharp bend in the load-lateral deflection curve, Data obtained in this
manner are tabulated in table 3 and are plotted in figure 15, in which
they are compared to the correction curve given in figure 103 of Forest
Products Laboratory Report No, 1316-G. This comparison shows that the
values of the apparent critical load are less than those of the correct
critical load for small values of b/b‘, the ratio of the half-wave length
of the buckles to the ideal half-wave length of a corresponding infinitely
long panel., Since no better method of determining the critical load was
available, however, use was made of the apparent critical load (fig, 14)
in determining the critical size of stiffenmer, An approximate relation-
ship exists between the apparent and the correct critical load, which will
be discéussed later, :

Notation

The following symbols are the mejor ones used in this report:;

a = the length of the loaded sides of a plywood plate, for compressive
loads,
b = the length of the unloaded sides of a plywood plate, for compres-

sive loads,
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b' = the half-wave length of the buckled surface in the case of an
infinitely long plate.

d = the depth:of the stiffener, measured perpendicular to the face
of the plywood, :
h = t@}ckness of the plywood.
t = the width of the stiffener, measured parallel to the face of the
plywood. ; ;
Ef% = effective modulus of elasticity of plywood in bending measured
parallel to the grain direction of the face plies.
Ef — effective modulus éf‘elasticity of plywood in bending measured
% perpendicular to the grain direction of the face plies.
EL = modulus of elasticity of- wood in the direction parallel to the
.. grain, 20/21 (Efw‘* Efx) : :
Es = modulus of elasticity of stiffener in the direction parallel to
the grain, as determlned from a static bending test.
(EI)s = a measure ol the stiffness of the stiffener. Product of
modulus of elasticity and moment of inertia about .the neutral
' axis of the stiffener,
(EI)scr = the minimum stiffness of stiffener necessary to effectively
. stiffen a plywood plate,
= oient i - = h
k, = coefflpient in formula, Pop = kc EL "]
Koo = value of the coefficient, k,, for an infinitely long plate,
Poy = uniform compressive load for which buckling occurs,
Por = uniform compressive stress for which buckling occurs,
pﬁ;P = Peyp for #-stiffened-plywood plate when the stiffener
has been removed,
Porm = Poy for a stiffened plywood plate, stiffened with an adequate
stiffener,
e = an apparent observed critical stress obtained by the strain-
difference method, ~
erp = Oor Tor a stiffened plywood plate when the stiffener has been

removed,
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¢ orm = Ogn for a stiffened plywood plate, stiffened with an adequate

stiffener.

Explanation of Tables and Figures

Table 3 shows the construction, dimensions, elastic properties,
and the observed critical stresses of the unstiffened plywood plates
tested. Also shown are the ratios k,/(k.)o which were computed from the

dimensions and elastic properties, Data from stiffened plates are
included in this table only if the plates were stiffened with a large
stiffener, so that the half plates could be analyzed separately, or if
the plates had had the stiffeners completely removed. Columns 1 through
6. show plate designations, species, constructions, and dimenslons. The
ratios of the half wave lengths 'of the buckled surfaces in the case of
infinitely long plates to the widths of the plates are presented in
column 7. These values were taken from the lower curve of figure 17,
which is plotted from the results of calculations made in connection
with Forest Products Laboratory Report No. 1316-B, Values in column 8

were computed in the following manner: %% = b'b'° Column 9 shows
ax —

a
observed critical stresses, obtained by dividing the critical loads by
the cross-sectional areas of the plates. Values of (kb)w' which are .

coefficients in the formula, = kc EL 25. in the case of infinitely
i :

Per
long plates are given in column 10, These values were obtained from the
upper curve of figure 17, which is a reproduction of part of figure 35 of

Torest Products Laboratory Report No, 1316-B. Values of k,/(k,)p in
f o
c ’ cr

column 11 are obtained from: . which is a variation

(kc)(b B (kc)ODEL _h_g
a

of equation 6 of Forest Products Laboratory Report No. 1316, in which
the experimentally determined apparent critical stress replaces the
correct critical stress. OColumn 12 contains the ratios of Pcr obtained
o -
; cr
from figure 18 for the corresponding values of b/b'. The correct ratio,
kc/(kc)w* containing the correct critical stress, is shown in column 13,

These are obtained by multiplying the values of k./(k,)  sgiven in column

11 by the ratios given in column 12, Columns 14 and 15 show the effective
modulus of elasticity of the plywood in bending measured parallel and
perpendicular, respectively, to the direction of the grain of the face
plies, Values of the modulus of elasticity of the wood in the direction
parallel to the grain are presented in column 16. These values were com-

S ane .. 20 ‘
puted from the equation; E; = o (Efw + Efx)'
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Table 4 presents the data obtained from edgewise compression on
stiffened panels and the computed values required for plotting in figure
16, Column 1 contains the designation of the plates, The numerical part
of the designation refers to the construction of the plywood, which can
be found in table 3, Column 2 gives the apparent critical stresses (ocr)

obtained from the tests, A number of such stresses were obtained for

each plate since each plate was tested a number of times, each time with a
different depth of stiffener, Column 3 contains the ratio of the increases
in apparent critical stress required for plotting as ordinates in figure
16. In this ratio, Terp s the apparent oritical stress of the plate after

the stiffener was removed; Ocrm 18 the average of the larger apparent

crftical stresses obtained when the stiffener was obviously stiffer than
the criticel stiffness; and Top is the apparent critical stress given in

column 2. All of these stresses are recorded in column 2, Column 4 gives
the widths and column 5 the depths of the stiffeners, Column 6 gives the
values for plotting as abscissas in figure 16. In-this expression

(BD)g = L By t 4% that 1s, the stiffness of the stiffener alone: (a),
(b), and (h) are the width, length, and thickness of the plate. Column 7
gives the modulus of elasticity of the stiffener.

Table 5 contains the data from which the ratios were obtained of the
correct critical stresses to the apparent ones from the strain~difference
method, The first 11 columne are similar to the corresponding columns in
table 3. Those plates for which the critical loads were obtained by the
strain-difference method described herein and therefore are not correct but
apparent are indicated by a footnote. The data from plates matched to
these for which the.correct critical loads were obtained from load-
deflection curves are placed in the table directly above the data for these
plates. The ratio in column 12 is a ratio of the k,/(ik;), obtained by

load-lateral deflection to that obtained by the strain-difference method;
therefore, the values given are also ratios of the correct to the apparent
critical stress. Columns 13, 14, and 15 show the elastic properties of the
plywood, .

Figure 12 shows a plywood plate ready for test. The segmented rods
are shown in place on the ends of the plate and the coil springs on its
edges, The steel clamps at the ends of the stiffener inhibit failure in
the glue bond at these points. The three strain gages shown are duplicated
by three more gages on the other side of the plate, ‘

Figure 13 shows the complete test apparatus as it stands in the
testing machine. The strain gages just opposite each other on each side
- of the plate are connected in series so that the average compressive
strain is obtained, The lateral deflection gage is not shown,

Figure 14 is a plot of the data obtained from a typical plate and
shows how the apparent critical load was obtained, '
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| Figure 15 shows the values of k./(k,),, obtained from apparent

critical stresses measured by the strain-difference method plotted as
ordinates against b/b' ratios plotted as abscissas, The curvé shown is
reproduced from the upper curve of figure 103 of Forest Products Laboratory
Report No. 1316-G, or the curve of figure 12 of Forest Products Laboratory
Report No. 1316.

Figure 16 is a plot of the data recorded in table 1.

Figure 17 containsza plot of values of the coefficient (ky)o - in
the formule per = k. Ep h§ applied to infinitely long plates plotted
E 9 . \
\ against — ¥ . This plot 1s reproduced from figure 35 of Forest

Efr + Ef
#: P ~ the ratio
Products Laboratory Report No, 1316-B. This figure also contains a plot of [

(&) of half the wave length of an infinitely long panel to the width of
t¥e panel téken from results of calculations made in connection with Forest
Products Laboratory Report No. 1316-B.

Ratios of gSS from column 12, table 3 are plotted in figure 18 as.
cr '
ordinates and b/b' ratios as abscissas, A smooth curve was drawn through
the points as an average curve,

Figure 19 1s similar to figure 15, In this figure, however, the

ratios k,/(k,), have been corrected by multiplying by the ratios %23

cr
given in figure 18, The curve in figure 19 is identical with that shown
in figure 15,

Analysis of Data

A mathematical determination of the critical stiffness of a :

stiffener, such as that given in Forest Products Laboratory Report No. 1553,
is not available for plywood plates in which the directions of the grain of
the various plies make angles of 45° with the edges of the plates; nor 1is
an analysis of the stiffness &dded to a plate by a st1ffener, guch as that
given in Forest Products Laboratory Report No, 1557, available for such

| plyvced plates, ZEquation (34) of Report No, 1553, however, can be applied

| to the Jata reported herein and an estimate of the critical stiffness of a
stiffener cbtained,

The stiffness added to a plate by a stiffener will be considered
approximately equal to the stiffness of the stiffener alone- (EI)s =

fé By ¢ d:3 Thus, it is assumed that the neutral axis of the plate and the

stiffener acting together passes through the center of the cross section of
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the stiffener. This assumption is probably not greatly in error because
the ratio of the modulus of elasticity of the stiffener to that of the
Plywood at 45° to the direction of the grain of the plies is very large,

_ Equation (34) of Report No. 1553 then applies to stiffened panels
for which the stiffener has a stiffness less than the critical value, and
the following equation may be written:

b
27121- EI
“or - %crp | g ha ( )s (39)
“crm = “erp Perm .+ Yorp

where oopy 0crys etc. denote appsrent critical stresses as determined by
the\$train7d;fferepce,mgphod“as distinguished from p,., Perp! etc,, the
corresponéingxcprregt1gritica;_stgqsses.'HIn‘this_gquayign, the factor F
presumably takes care of the approximatidns that have been made,

Figure 16 is a plot of the experimental data in which values of the
left-hand member of equation (39) are plotted as ordinates and values of

the right-hand meumber, excluding the factor ¥, are plotted as abscissas.
Examination of the figure indicates that a value of F = 2 is acceptable,

The critical stiffness of the stiffener is the value of (EI), that
causes o, to equal Oopp 204 thus reduces the left-hand member of equation

(39) to unity, With F taken as 2, the critical stiffness of the stiffener
is, therefore given by

: 294
E = -ha - (40
( I)scr it (o'crm O’crp} (40)

- The quantities in the parentheses in the right-hand member of
equaticn (40) are the apparent critical stress of the half plate, on one
side of the stiffener, considered alone, and the -apparent critical stress
of the whole plate with the stiffener removed. It remaing to find a
relationship between these apparent critical stresses and the correct
critical stresses as computed by the methods presented in Forest Products
Laboratory Report No, 1316-B, and experipentally verified in No, 1316-G.
This relationship waes found empirically in the following manper,

, §even.unétiffqned 45° plates with various length-to-width ratios
were tested and the eritical loads determined by the method used in Forest
Products Laboratory Report No. 1316-D of inducing curvatures along the
unloaded .edges to compensate for the lack of flatness of the plywood, and

then obtaining values of the critical loads from the load-lateral deflec-
tion curves, Seven matched unstiffened plates were also tested and the
apparent critical loads determined by the strain-difference method
described herein, .
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The ratios of critical stresses obtained by the lateral deflection
method to the apparent critical stresses obtained by the strain-difference
method are tabulated in table 3 and plotted against ratios of b/b! in
figure 18, Included also in table 3 and in figure 18 are some applicable
data from previous tests. An approximate analysis of the strain-difference
method shows that the apparent critical stress obtained is influenced by
the original lack of flatness of the specimen; the greater the lack of
flatness the lower is the apparent critical stress, This fact explains the
scatter of the plotted points, A smooth average curve was drawn through
the glotted points in figure 18 from which the apparent critical stress

(acr can be determined, the ratio of b/b' and the correct critical stress

(pcr) being determined by the methods given in Report 1316-B.

By reversing this method, correct criticel stresses were obtained
from the apparent critical stresses plotted in figure 15 (kb is propor-

tional to stress) and plotted in figure 19 in which they are compared with
the correction curve given in figure 12 of Report 1316 and in figure 103
of Report No, 1316-G. It is apparent that these correct values
approximately fit the curve.

It can be concluded, therefore, that the curve of figure 18 is a
reason2bly accurate means of converting apparent critical stresses obtained
by the strain-difference method as described herein to accurate values of
critical stresses for 45° plywood and vice versa. To determine the
critical size of a stiffener by using equation (40), the correct critical

stresses, Porm and pcrp’ as obtained by the equation and curves of Forest

Products Laboratory Reports Nos, 1316-B and G, are converted to apparent
critical stresses, Ocrm a0d o, erp’ by means of figure 18, These apparent

critical stresses are then substituted in equation (40) to obtain the
critical stiffness of the stiffener.

Equation (40) is approximate and the plates tested were all nearly

square; however, it is believed that this equatlon will safely apply to
plates of any practical dimensions,
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Table 3,—Test data and computed values for unstiffened plywood plates tested in uniform edgewise compression
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h

[

(kclz-Apparent°

per:Correct:

3b

3 3 B s b : o, Bpy * Bgx 7 By
No. : sthickness: : : : a : bt i ke-- ¢ “cr’ ke E ] i
: sof plies : : g H 5 5 : s ri:j : V:'IEZXm N e
RO OO <s) (9) 3(10) : (11) (12) (2) : @) : (s) : (8)
: s :Tach .Incl'ea:.Imhes' :  tF.sud.r : :1,000 1,000 :1,000
s : : H : : s : : : :p.s.i..p.a.i;.p.e s 1
3a iYellow 13 - 1/16:0.181114,.01+12.0210,845:1.42¢ 598 10,870+ 1.16 +1.10+ 1.28 12,265 ¢ 203 :2,ll6
tBireh : 111,982 $1,22: 552 : 1,07 :1.19: 1,27 : : :
: : : :10.00: 11,02: 643 % 1,25 :1,32: 1.65 : : :
s : : 8,01: : J8l: 735: 1.43 :1.52: 2.17 H :
: : 5,98: s bl: 965 : 1.87 :1.80: 3.37 : :

3c

3d

3e

ba

6b

bc

3 = 1/16" s

:Yellow
:Birch

:Yellow

3 - 1/16"
:Birch g

- . .
H : H
. . .
H H H
s
H
. Ky .
: H H
s

:Yellow 3 -~ 1/16n:
:Birch H
:Yellow
-Birch

3 - 1/16"

s se se oo ey

Yellow-:3 = 1/16"
Foplar 2| g

e or o

-Yellow— 3 - 1/16"-
Poplar 3

. .
H B

:Yellow-:3 - 1/16n:

:Poplar : :
. : .
: . .

Report No. 1553-A
T M 69648 F

«175:23,02:12,00
:18,01%
112,002
: 9,01:
: 5.98:
: )

«178:24,02:
$21,03:
:18,00:
:15.,01:
:12,01:
: 9,02:
¢ 7.03:
: 5.00:

8.00:

“e we o0 o0 88 as b oo

.180: 6.00:12.02-

.176:10.02:12.01+

.lBZ:lh.OO:lZ.OZ‘
:12,02;
:10.00:

: 8.042

: 6.03:
177:22,77:12

:18,03:

+11,98:

¢ 9.00:

: 6,00:

)
N

«170:24.02:
:18,01:
:12.02:
: 9,03:
: 6.02:

. »
: :

8

5 @0 64 °0 oo S5 es s s se %6 8 00 0 s es W

ae o0 o8 s o0 o5 o5 ee o0 se oo

o8LL 22,35
21,842
21,222
H 092=

.61-

571
786

o a0

«860: 3 66 1 067 :

#38: 1,110

476
485 :
510

'1.07 1,116 :

: .76 1,292 :
735 ¢

.833- .62

.8L7 1.02: 437

842: 1 43:
11.22;
:1,02:
s .82:
s 61t

L
434
411
480

«816:2,40:
:1.90:
11,262
: .95
: .63

.816 3. 86-
- 12.89:
:1.93:
1458
97

306

750
816

.
:
'
.
:

(Sheet 1 of 3)

731 :

296
306 :

348
522 :

640
640
647 :

865

“e oo 65 es o0 0 5 ws es us es e

915

o6 %5 o0 oo s o0 s es o0 e»

«825:

«870:

.855:

775:

e ea ov oo o

7752

e o2 se ee we

1.07
1.09
1.15
1,29
1.77

1.02
1002
1.07

94

+96
1,06
1.07
102‘0

1.61

-

1.15
1.21
1.15
1.34
2,04

1.11
1.15
1,15
1'30
1.96

1.03
1.03
1.04
l.21
1.32

:1.00: 1
:1,00:
El-;9=
1l.41:
:1.80:
:1.00:
:1.00: 1
:1,00: 1
¢1.00:
:1,00:
:1.11:
11.28:
.1 53

'1 78'

1.37
1.96

2.86

21.322 1.17

:1.09:
:1.19:
tl.32:
21.51:
:1.80:

DR
Jn
v H 9N A)i:\n

:1.,00:
+1.00:
:1,17:
:1.38:
2l .77:
:1.00:
:1.00:
:1.00:
:1.08:
:1.,36:

. o o .
W O

HHEFPRFHE WHRHRE W R
o . :

wooo S

BERSS &3

£2,190

:2,005

-

;2,393 g

: 184

171

s 6 ee

204

137

5 as e ee v we @

193 - 12,

12,321
12,472
21,717

1,490

11,607




Table 3.~Test data and computed values for unstiffened plywood plates tested in uniform edgewise compressio
antinueds ;

H
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Poplar H : 111.98: 11,1k 637 I 2 0 U8

: : 1 9.97: : ¢ .92: 614 : : 1,16 :l.41:

s : : 7.98: : t W4 637 : : 1,21 :1.61:

: : t 5.99: : 3 .55 864 : l.64 :1.90:

11,591 : 290 :1,791

e AW e
FORO HOVOCWVWW
LOER MDUREDO

L1b _Yellow- L - 1/20"' .lBL:23.03:12.01 .922 2 15 493 :1.154: 1,02 :1.,00:
Popla.r 3 5 :18.03: 11.68: 534 : 8, st Adi:1 003

5 g :12.,00: 8 21.12: KO : g 84 :1.25:

: : 3 : 9,01: : : .Bh- 462 : T 96 :1.49:

11,500 : 252 :1,669

4le Yellow— L - 1/20"' .182:24,01: 7.99' 923 3 h2 1,018 °l.162: 1.09 :1.00:
sPoplar : 1 :18,02: : 12.56: 983 : 1,05 :1.,00: 1.05
: 5 g :12,00: :1.,71: 900 : : 96 :1.02: ,98
s : 3 : 8.99: :1.28:1,004 ¢ t. 1.08 :1.16: 1.25- -
B H H 1 5. 99. : 85- 949 : : 1.02 :1.48: 1.51 :

M2 iYellom-ih - 1/16™: .240120,.02:18.00: .90611.50+ 345 +1.082: .98 :+1.07:1.05 11,620 : 233 11,765

[
[=}
O

11,260 : 215 1,405

:Foplar : 1 :20.97: s :1.31: 312 : 3 .88 :1.14: 1.00 H
: i H :18.05: H :1.,13: 299 : : 85 :1.24: 1.05 H
: 5 $ £15,02: H s W94t 252 ¢ : 71 :1.39: .99 @ :
: : : :11.98: : s .75: 280 : t  J79 $1.59: 1.26 H :
: s : : 9.02: : : W56t 361 : :+ 1,02 :1.88: 1.92 : : :
s s : : 7,023 T oWhli: 491 ¢ : 1.0 :2,12: 2,97 ¢ : 3
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Table 3.~-Test data and computed values for unstiffened plywood plates tested in uniform edgewise compression

continued

"

Plate:Species: No. and t h : b : a : b* : Db : OUop :(Kco:APPArent: per:0orrect: Mgw : T B,
No, @ sthickness: e ta :b': : : ke 2 Tcp: ke @ : :
: tof plies : ] : : : s s (ke)o ¢ ¢ (keo ¢ s :

(D) : @7 () @) () :(6) (M : (&) (9) : 10): (D) (12) (13) : (W) : (15) : (26)
: : "Snehi: .Inchea.IncMs t  Puad.:  : : " 11,000 $1,000 1,000
£ i H s : s H : f : p.8.4,pesllip.as.
H H H H H H H H H H H :

42b :Yellow-:l - 1/16"~0 242 16.03 118.01: 10.914:0.99: 3L L1375 094 il.35: 1.27 11,3 : 225 :1,588
'Popla.r H g ] s 5 2 g 8 3

42¢ +Yellow-th - 1/16"; \246112.00418.014 .916' s 273 : 1 137 75 31,615 1.2 :1,494 : 244 11,654
tPoplar : H 3 g 5 3 s 3 : 5 ] g

17a :Yellow-:5 - 1/207: .228:24.02:18.021 .97L:1.40¢ 375 +1.4681 .97 11.10: 1.07 1,245 & 409 11,575
tPoplar : t 121.02: H 21,23 443 : 1 1415 :1.18: 1.36 s :

g s : :18.01: : :1.05: 341 : .88 :1.30: 1.14 [ H
: H : +15,00: : s .88: 316 : H 82 :1l.45: 1,19 B .
: : : :112,02: : 1 W70t 414 ¢ ¢ 1,07 :1.66: 1.78 : s
: : : s 9.02: : t «53: 496 : s 1,28 :1.94: 2.48 8 :
: : t s 7.03: : t A4l 650 :+ 1,68 :2,18: 3.66 : g g

: : : 5.02 : : .29:1,112 s t 288 i..iiieraennad 5 H

17 :Yellow-:5 - 1/20": .226‘18 0211802 .949:1.08¢ 221 1.3L4: .68 :1.28, .87 11,290 : 300 :1,514
'Poplar : s H 0 3 : s : g :

17c 1Yellow-:5 - 1/207s .235:15.03: 18.01: (9551 .89+ 300 +1.358: .93 il.4hs 1.34 11,128 : 288 11,348
.Poplar H : : 3 s : s : : s s :

38 :Yellow 13 - 1/16". 1461 112,951 112,001 .85211.30: 314 © .890¢ (96 :l.15: 1.10 12,246 i 204 12,333
Birch : .l.8 : : .65. 558 t 1,70 :1l.74: 2,96 : : :

65 1Tellow-13 ~ 1/16"- (182¢ 9.51412.021 .833: .98 247 1 8255 .77 11.35: 1.0b 1,547 5 116 01,564
‘Poplar : s b 76‘ : : .l.;9' 622 2 : 1.95 :2.01: 3.92 : : :

H H H 4 H H H

38s :Yellow :l - 1/2o~- 1195:12.02112.01+ .93611.10: 700 i1.237% .86 11.26: 1.08 12,055 : 408 12,346
.Birch H s 6.01: : H .55 1,021 s 1,25 :1,90: 2.38 : :

3888:Tellow 14 - 1/20"' .190116.50:18.00+ .93311.001 263 11.2L4s 74 2134 .99 12,221 : 424 12,519
:Birch : H s 8.25: H : .50: 541 : : 1,52 :2,00: 3.04 : E H

Kls iYellow-i = 1/20"‘ J171:11,02:12,03: .929:1.02: 379 :1.188: .76 :1.32: 1.00 1,741 : 314. :1,957
'Poplar s s 5, 51 : t .51: 781 : 1.56 1 98 3.09 : : :

L1ss:Yellow-i - 1/20"- .183116.50117.98+ .935:1.001 208 :1.232: .97 1.3 1.30 :1,410 : 278 :1,608
-Poplar s 8 25 H : .50 330 : ¢ l.54 :2,00: 3.08 H H

428 iYellow-ik - 1/167: .238116.01:18.02: 9421 .96, 252 1. 27t .67 11,37 .92 31,394 : 300 11,613
°Pop1ar s : : 8,00¢ : t 4Bt 461 t 1423 :2,03: 2.50 : : :

Lus Tellow :5 - 1/20M: .245117.54118.008 .967:1.03: Skb :1.438: .78 11.31: 1.02 :2,008 : 615 12,498
'Birch i H s 8, 77- : : W5l: 906 : s 1,31 :1.98: 2.59 : s

178 iYellow-:5 - 1/20% .229117.53:18.001 970:1.02¢ 400 tL.4Shi .93 i1.32: 1.23 s1,001 : hbd 11,757
:Poplar @ : : 8,76 : : .51t 503 : : 1.6 :1.98: 2.30 : s
H 2 $ H H H H H H 3 H H 2 3
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Table 4.—Test data and computed values for stiffened plywood plates tested in uniform edgewise compression

e S as, ¢ |0 RSCR RN By PR St ¥ TR
t s TR CTp, : : OermCerp : e s ; Cerm=Cerp, : %rm-%crp ¢
M D G Wi & s ma: @ 3 W &
Eazcing In_ch m MQ; Posoies _In_ch Lr_nﬂ :;__,Loo
' : : : p.s.i. : : : i p.s.d.

3s :+ 514 ¢t 0.82 :0.252:0.993: 13,65 :1,690 % 4lss: 331 : 1.0l :0,246:0.983: 4.89 11,660
: 1.00 s W732: 547 ¢ S Te B : 7260 1.97 :

1.10 : : 6122 3.20 H 92 2 : .623: 1.2
+  1.03 : 495 1.69 30 :+ 1,08 : s . 505: .66

582 : 1.10 : J377: /A ] o791k s .382: «28

.96 T .265: 26 255 : 38 t ,265: 10 3

49 t 1362 04 09 ¢ s 122 .01 s

.00 s .000: .00 00 : ,000: .00 3

:
RS
R

:
O
o

. oo
AN
[ 3%,
N O

o oo se oo

........
&
-
QR

s oo o0 es o on ee
s o6 o oo e se ap

1.06 & .247:1.003: 2.30 11,695

6s : 668 : 1.12 : .189: .989:  3.62
B s : 1.06 s .882: 1,57

g fn, S5 1.58 i ] s LT3
: 62 1,00 t .580: I3 1 : L57 .98 : 751 97
: L4B ¢ o5k e : .501: 47 ° s . 450 95 : 634 .58
+ 375 ¢ 3L 1 .365: JA8 ¢ @ : L50 @ 95 @ T «500: .28
: 306 : A6 t o252 06 o : 382 : 62 ¢ .381: 12 s
: 27 07 ¢ 1 J126: D1 o : 34 A 1 4250 .04 :
247 ¢ 00 e : ,000: 00 ” t 273 ¢ <108 : J127: 01 s
B B H H ] » : 252 00 ¢ ¢ ,000: 00 s
s : : s : : i : : : : : 2
38s :1,033 ¢+ 1.04 @ J248: .994: 6.92 11,650 = 17s : 510 ¢+ 1,07 & .246:1,006: 5.14 11,620
:1,042 ¢ 1.06 s JThh: 2,90 g8 ¢ 512 ¢ 1,09 t 760 2,22 :
: 991 : 91 : .622: 1.7 ) : 488 .85 3 627 1.2 s
21,029 ¢ 1,02 s .498: 87 & EY s 502 @ 99 t 4503 6L :
11,012 : 97 $-+375¢ 37 3 FRY 5 59 ¢ s 385 .29
s 966 .83 ¢ t J2hhe A0 B T 422 ¢ 21 @ s J248: ° .08 :
+ 897 @ b1 e : .185: Of ¢ 3 s 434 ¢ 33 s J131: .01 :
: 859 .50 ¢ : L1258 02 B H + 400 00 + ,000: .00 :
: 700 : 00l = + .000: 00 ¢ (] : s : : s g
: : : : : ' ] : : s : : :
38ss : 548 ¢+ 1.02 : .252: .995: 2,22  :1,685% lihs @ 902 : «99 ¢ J374:1.000;5 2,01 11,595
: 538 99 ¢ t J756: 98 ) : 909 : 1.01 : ¢ WJ753: .86 :
: 518 92 : .628: 56 ¢ poai: - 952 ¢ 1,13 1 627 +50
52 : 1.08 : .503: 29 @ wom A i 728 5L @ : .507: 26
1 450 67 : .380: Jd2 e S : 646 ¢ 28 : 373 .10 s
1 368 : .38 t 2483 O @ ] : 592 3 A3 ¢ t 248 03 s
s 307 @ .16 s .129: D1 :: : 501 : - .12 : .100: .00 :
: 263 3 00 + ,000: 00 ¢ ] s Sh4 @ 00 : : ,000: .00 :
: s s : s t S : s 3 s : :
s : 798 ¢+  1.04 ¢ .186: .,995: Lolly 21,700 = : : : : : :
2 754 ¢ 93 ¢ s JThb6s 1.87 2 : t : : : :
s 793 : 1.03 t .632: % VR ° H : s : B :
: 8753 l.23 t 500: 56 @ % : s : s s :
: 666 : N 4 N : .378: 2 ] H : : B B :
496 : 29 t W249: 07 ] H : : B : :
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t 379 00 @ : .000: 00 ¢ o : : 5 ' $ :
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Table 5.—-Test data_and computed values for unstiffened plywood plates tested in uniform edgewise

_ compression.

“Plate

Species: No. and :
tthickness:

sof plies :

h

s s = 0w

s oo we s

DIU_‘

B

bt

e oo =o ae

Per

A _comparison of methods for determining the eritical loads,

(k_IL ke

(kCSw;

t Pert Bfw
g ”cr’

.

+ Bgx

s B

.
:

(2)

(3

s (4)

: (5)

: (6)

or er ea o» as o

o as o0 4

(8):

(9)

S m———

(10) (11) (12) (13) ¢

(lb)

(15)

No.
(1)

3dd

3d; H
3ee ;
36t

38d4a
38ad
42bb

42l
L42cc
Ach
170b
17k
17¢cc
17¢1

3b

I+

1

I~

-

38b

1 i Birch
41b : Yellow-
1 ¢ Poplar :

17a
i

: Yellow

; Yellow

.

Birch

Yellow
Birch

Birch @

: Yellow-;
: Poplar :

Yellow-

¢ Yellow=:

; Yellow

: Poplar :

: Yellow-:
: Foplar :

: Birch

: Yellow-:

: Poplar :

: Yellow

; Yellow-:

: Poplar :

: Yellow-
: Poplar :

: Yellow-:
¢ Poplar :

i3 -
13 -

-

=

-
¢ Poplar :

i3 -

3 -

-

i -

Ao

T

.
H

1/16"20.1792 5.99 .
: .180: 6.00

1/16"

.175:10.00

:Inch :Inches:Inches:

) .s.i..

11.98:0.848:0.60:

: 12.02:

o we oo

: .176:10.02 :

1/200:

1/160;

1/16"§

1/20":

1/20":

1/16%:

.192:10.02 :
: 12.02:

: .192:10,02

.245:16,02 :

.242:16.03 ;

.240:12,01 +

.246:12,00

12,00+
12.01:

12.02:

18.03:

18.01;
18.03:

: 18.01:

.235:18.03 :

.226

.229

:18.02

115,02 :

.235:
.175:

;175
1/16";

1/207:

1/20":

1/20":

1/20":

¢ 182

1/16";

1702

.170:
.170:

170
.190:
.190:

.18h;

J184:
184

184

.182

<240
«240

.228:

: 228

15.03 :

23,02 :

23,02 ¢

12.02 :

12.02 ;
9.03 :
9.03 :

24,.01

24,01 :

23,03
23.03

18.03;
18.02:
18.03:
18.012
12.00§
12,00
8.00:
8.00:
8.00:
8.00:
12;021

12.02:

s 12,01:

: 12.01:
18.03 :
18.03 :

124,01

24,01 :

:21,,02

124,,02

12,01:
12.01:

.

7.99:
7.99:

. 18.00+

: 18.00:

2,.02

124,02

18.02:

18.02:

.833:
.851:

847

W94l
.930:

.90k +

.91L;
.912:

.918:

9411

949

.932:

.955:
IR

8Ll
11,93

.816

.816:1

.816
.816

919

.62:

.99
+1.02:

.90
.92
.99+

.99

Tt
Th:

.07:

1.08:

.90:
.89:
2.35:

2.35:

93

11.45:
11.45:

12,24

.919:

.922:

2922

2.24:

2.15:

12,15
1.68:

.922:
.922:

342
.923:

1923

.906:

.906:

.97L:

971

11.40:

1,68

994

735
629 :
137

935
818

416 11

314
415
273
360

221 ;l

339
300

524 ;
476 ¢
661 :
647 ¢

735
7% :

796
779
543
493

543
534

11,032

3.42¢

1.50:
1.50:
1.40:

1,018
370
345
377
375

:0.875:2.21

.825;1.61

.870: .89
11.262:1.36
11.195: .97

:1.117: .94 :1.
11.109:1.25 -

:1.137: .75

£1.265:1.07 :.

JI14: .68
11.207+1.05
11.358: .93
.865:1.18
.865:1.07

J775:1.04
“775:1.19
21.150;1.20
11.15011.17
:1.15&:1.12
:1.15&:1.02
+1,154:1.13
:1,154:1,11
:1 162fl 10
:l 162 1.09
:l 082 1.05
21.082
:l h68 .98
1. h68 .97

\884:1.37 1.

072:1.29 :

775:1.06 ...

11.02:1,585
c.e..i1,585

J775:1.21 ¢ .98:1,585 :

1,000

1,000

+1,000

1pes.i.

tp.s.i.ip

8.1,

e 37 2,268
21.5A:2,393 :

furesil,30€ :
11.39:2,296 :

+1.67:1,494

feree2,190 :

:1.10:2,190 :

fee.t1,960
11.02:1,960

erii1,500 :
11.10:1,50 :
2eeeet1l,500 :
£1.02:1,500 :
eeli1,260
11,011,260 +
.....:1 620
.098:1,07:1,620 :
;....:l 245
1 011 :1,245 :

12,293 1

viL32
11.5711,290 :
1,137 -
21.13:1,128 ;

:1,585 :

: 189

171
205
204
376
420

. 210
: 225

: 233

244
280

268
288
184
184
102
102

102
102

: 327
: 327

252
252
252
252
215
215
233
233
409
409

12,256
2,321
12,379
12,472
2,080
12,584
1,613

11,588
1,679
1,654
1,546
1,514
;1,623
1,318
12,261
22,261
11,607
1,607
112607
17607
12,178
12,178
11,669
1,669
11,669
11669
1,405
1,405
1,765
1,765
1,575

21 575

1Panels for which the critical loads were obtained by the strain-difference method, and therefore
apparent values appear in columns 9 and 11.
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Figure 12.--Stiffened flat plywood plate mounted in segmented
cylindrical steel loading rods prior to test. The method of
restraining the ends of the stiffemer to prevent separation
at the ends, the metalectric strain gages for measuring
deformation, and the attachment of coll springs at the edges
to reduce frictional restraint during test are shown.
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| Figure 13.--Stiffened flat plywood plate ready for test.
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are used in measuring deformations in the specimens.,
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Pigure 16.--Apparent values of ik /i, and design éarve for

plywond plates under unifarm compreesion At 45% to the
direction of the grain of the face piies.

Z M nMRa




& q .2
+gajuTd peUaJITLIEUN JU S@¥sS94ly (901174
aueawidy peasswqi puw TRIGURITIP BATISAfJE oFIN] UITM DPRUBJ]TIE fgageTd
peUSIITIE JO SESERILE [W013[40 jJusdwdde paslasqo UsaM)sq SadualaIyp

ay
eL) 0 =So0TjRd v pesseddis yzug nﬁ—H_.__,.q. 4% ysure®e pajqord saywrd
PRURJIFIFUND JO ¥eggall® TRAT1T40 juatedds pesZasgo pum S83W(d peusgz)Tiw
Jo PeFsed}s [ROTITI0 Jusdwdde peataEqo UsBM}a0 ESIURIEREIFO--"DT axnirg

G.thﬂl E.nv..ﬂ_
Stz
2 7z oz & 97 ¥ Py, o g0 so ro 20 g,
_ — T a0
_ ¥o
; v
¥ v (rr) AT -3A1S
0= =} 0:29) A1d-M004 — ! i 9o
@ o (i) KTl — T
FINONG FAVM  FTHONE IAVM NOLLONHISNGD g
TN OML STV WO -

- -ONF9TT =90
| ; o

L] _ 2 g0

¥ |
|| " ]
. 3 | " o — " - o
g LI ® ] 4 4
o n i
v ® -

g

#ﬂﬂ _Mﬁ

)
3




-]

| (K e

'crE = | |
Lo = v | |
__—————-_N‘l\ \ |
I
a5 L [ ‘
. | " |
|

E‘.El' -\.i‘

L,J_.__ o | B
fetri] as4 a.55 felr [l are Loy ) are a.88 O.8F ol o) & AR
Er
Ere® Err

Figura 17¥.—The tongtante ky,, and b'/a, both plotted as functiora

E
of the ratio, _ Ew » DBueiling of Infinitely long plates
Eﬁ + Ef‘x
of symmetrical coenstruction, heving the direction of the grain
of the face plies 457 tp the direction of the spplied miform
comprossive stress.

7 K EO853 »




oF

A JGera W £

“FUEETIEQY 5V pa3lord ‘BAT9vL q/q IFurwdv ‘sejsofpao swm
rejioTd ‘Rofkazis TeoYatsd aweawdde ¢} 10%aa00 Jo goylRy--'gy adInFpg

%

o &' of [

2
i

]
o

Ed_' SETYIS TWFLLIND INFYVY (F LOJNH0D 0 QLYY

v (rp) 47 - 3A14

[m] feg4) A% -4n0s

o (640) AT - F3THHL

FINGRE FAMM SN SN0 NOILONHLISNGD
w3937

3

o'E




40 T ]
|
LEGEND: : _
Ale CONETRUCTION ONE HALF WAVE BUGHLE
FHREE - PLY fLAR) o
o] FOUR-PLY (124} O
- FikE-PLY fEhH) &
=]
a4 g fo
o
q 20
u| .
a
3
(m] i
e I e 5 v T —
’ o
| |
ol i -
o i 2. 3.0 40

%

Figure 19._-Apparent values of K./ (k,), gonverted To coTTeEct

values by means of flgure 7 and dealgn surve for flywood i
plates under uniform compresslon at 45% to tha direction
pf tha grain of the face plies.

7 M BECER B




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23

