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Surmary

This report presents datae on the effective width of plywood plates at maximum
compressive load and curves for the determination of the effective width ratios
of plywood plates under compressive stress at 0°, 15°, 30°, 45°, 60°, 75°, and
90° to the face grain direction. Values for other angles may be obtained by
interpolation. An effective width ratio curve at the maximum stress is pre-
sented, which for the 0° and 90° directions supersedes that shown in figure 90
in Mimeograph 1316-E. The effective width ratio is here defined as the ratio
of the maximum load systained by e buckled plate to the maximum load it would
have sustained had it been restrained from buckling.

Purpose

A theoretical analysis and formulas for the critical buckling stresses of flat
plywood plates subjected to compression, shear, and combined compression and
shear were presented in Forest Products Laboratory gimeographs Nos. 1316 and
1316-C. Applicability of the formula, p = k EL BE_ for the critical buckling
c c
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lThis report 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 availa-
ble. Original report issued March 1945.

2
“Maintained at Madison, Wis., in cooperation with the University of Wisconsin.
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stress in compression at 0° or 90° to the face grain direction wes verified by
test (Mimeograph No. 1316-D). The same specimens were used also for the de-
termination of maximum loads and effective width ratios (Mimeograph No. 1316-E).
Buckling tests with compression at 15°, 30°, 45°, 60°, and 75° to the face grain
demonstrated that modification of k, was necessary to adapt the formula to such

angles. Data and correction curves are given in Mimeograph No. 1316-G. The
purpose of the present study was to determine en effective width curve, or

family of curves, from a further analysis of the data reported in Mimeographs
Nos. 1316-D, 1316-E, and 1316-G, together with the necessary additional data.

Material

A detailed description of the material used in this study is given in Mimeo-
graphs Nos. 1316-D and 1316-G.

Approximately half of the plates subjected to buckling tests were dameged to

such an extent that it was impossible to obtain representative material from

them for supplementary compression tests. It was possible to select coupons

for the supplementary compression tests of the material from the plates that

were damaged over a limited area only. Consequently, only the data from such
plates are available for the present study of effective widths.

Because the plywood was thin, two or more pieces were taken from each acceptable
plate and glued face to face with cold-setting urea-resin glue to maeke a speci-
men of such thickness that buckling was avoided during the compression test.

In table 27 there are listed for each plate the number of pieces used to make

compression test coupons.z

Coupons 6 inches wide and 2 inches or less in height for supplementary tests
with compression at 0°, 15°, 30°, 45°, 60°, 75°, and 90° to the direction of
face grain were stressed in the direction parallel to the height with the face
grain at the same angle to the load as in the buckling test. The height of
these coupons was made approximately six times the thickness to prevent buck-
ling or column failure before failure occurred in compression. The width was
made 6 inches in all specimens to facilitate testing. It would have been
preferable to have coupons the same width as the plates tested in buckling,
but this could not be done because the edges of the plates, which varied in
width from 7-1/2 to 12 inches for 0° and 90°, and were all 9-1/2 inches wide
for other angles, were damaged in the buckling test. The maximum compressive
strength as found from coupons 6 inches wide should reasonably represent the
maximum stresses that the plates would have sustained had they been restrained
from buckling.

3
The figures and tables in this supplement are numbered consecutively with those
of Mimeograph No. 1316 and its supplements, B, C, D, E, F, G, and H.
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Methods of Tests

The data required for the determination of the effective width ratio for each
plate included: (1) the maximum load and (2) the compressive strength of the
material.

The first item was supplied by the tests for maximum load made previously on
the plates used for study of the critical buckling load.

To determine the compressive strength, glued coupons, as described previously,
were tested according to the procedure given in Mimeograph No. 1328-A. In the
0° and 90° angles, tests were also made on coupons of the seme thickness as the
plates but 1 inch wide and 4 inches high with support to prevent lateral buck-
ling under load, as described in Mimeograph No. 1316-D. Both methods for de-
termining the compressive strength were used because it was expected that the
laterally supported column method might be made standard for 0° and 90°.

The maximum stresses obtained for 0° and 90° average some 15 percent higher by
the method of Mimeograph No. 1328-A than by the laterally supported column pro-
cedure.

The discrepancy may be due to several factors. It has been observed in the
laterally supported column compression test that material less than 1/8 inch

in thickness generally fails in compression and bending between the end surface
of the specimen and the lateral supports. This type of failure may be due to
some unrecognized excentricity of loading, to a slight bending of the specimen,
or to yielding of the spring steel lateral supports. Nevertheless, the maximum
stresses averaged no less than the average meximum stresses obtained in .tests
of matched specimens by the same method but with ends widened to force failure
in the central portion. Ends intentionally cut poorly, however, produced low
values. Tests of short, wide plywood specimens in compression at 0° and 90° to
the face grain were not extensively studied. It was noted that at failure such
specimens bulged and occasionally delaminated. The factors causing the dis-
crepancy between the two methods of test were not determined.

Explanations of Tables and Curves

The data from the buckling tests and compression tests pertaining to the ef-
fective width of flat plywood plates in compression at 15°, 30°, 45°, 60°, and
75° to the direction of the face grain, are presented in table 27, together
with the computed values used as coordinates in figures 142, 143, and 14k,

In this table, column 1 identifies each plate and indicates the direction of

the face grain of the plate in relation to the loaded edges of the plate.
Colum 2 gives the effective width ratios, which are used for ordinates, and
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colum 3 gives the parameters of panel width (EE—) which are used for abscissas
0

in plotting the data on figures 142, 143, and 144. In colum U4 is given the
computed maximum load for the plate 1f restrained from buckling. The observed
maximum load and the critical buckling load determined in the buckling test of
the plates are given in columns 5 and 6.

Results of the supplementary compression tests of coupons taken from the plates,
after the buckling tests were completed are tabulated in columns 7 through 12.
The maximum stress, proportional limit stress, number of thicknesses used to
fabricate the compression test specimen from the plate, specific gravity based
on volume at test, moisture content based on ovendry weight, and the modulus

of elasticity in compression are given respectively in columms 7, 8, 9, 10, 11,
and 12. These compression test coupons were 6 inches wide and 2 inches, or
less, high (short enough to eliminate buckling).

In table 28 are presented data from Forest Products Laboratory Mimeographs No.
1316-D, "Buckling of Flat Plywood Plates in Compression with Face Grain at 0°
and 90° to Load," and No. 1316-E, "Effective Width of Thin Plywood Plates in
Compression with the Face Grain at 0° and 90° to Load,” and the parameter of

panel width (E&—) computed from these data. The table is divided vertically
(o]

to group the data for plates in compression parallel to face grain and perpen-
dicular to face grain.

The material used for the tests is identified by the panel number tabulated in
column 1 (refer to Mimeograph No. 1316-D). Effective width ratios from Mimeo-
graph No. 1316-E were used as ordinates in figures 145 and 146 and are tabulated

in columns 2 and 6. The computed paremeters of panel width (%) were used as
o |

abscissas in figures 145 and 146 and are given in columms 3 and 7. Computations
for thess parameters were based on the observed critical buckling stresses from
Mimeograph No. 1316-D tabulated in columns 4 and 8 and the average maximum
stresses shown in columns 5 and 9 obteined by compression tests of coupons 1
inch wide by 4 inches long reported in Mimeograph No. 1316-D.

In table 29 is given a comparison of the maximum stresses in compression at 0°
and 90° to the face grain obtained by a short column test method described in
Mimeograph No. 1328-A and the maximum stresses obtained by the laterally sup-
ported column test and reported in Mimeograph No. 1316-D. The first column
gives the panel number that identifies the material. The thickness of the
specimens is tabuleted in columns 2 and 5. Maximum stresses are given in ‘
colum 3, 4, 6, and 7. The ratio of the stresses obtained by the short column
method to the stresses obtained by the laterally supported column method are
listed in column 8 for compression parallel to the face grain and in column 9
for compression perpendicular to the face grain.

A family of curves for the effective width ratio of flat plywood plates in

compression at 0°, 15°, 30°, 45°, 60°, 75°, and 90° to the direction of face
grain are presented in figure 14l. These curves are based on buckling tests
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of flat plates and compression tests of material matched to the plates. The
supplementary compression tests with the stress at 0° and 90° to the face grain
vwere made on 1- by 4-inch coupons laterally supported against buckling. Com-
pression tests with the stress at the intermediate angles were made on 6- by
2-inch (or less) coupons that were short enough to eliminate buckling before
failure in compression. The dashed curves are based on a small amount of data
that do not definitely locate the curves.

Figures 142, 143, and 144 show, respectively, the appropriate curve from figure
141 compared with the test results for the angles 75° and 15°, 60° and 30°, and
45°,

Figure 145 shows the curve from figure 141l and the test data for compression at
0° and 90° to the direction of the face grain.

Figure 146 shows the curve from figure 141 for compression at 0° and 90° to the
direction of the face grain and the effect of changing the basis for computations
from the maximum stresses obtained by the laterally supported column compression
test to the maximum stresses obtained by the short column test (table 29)°

Anelysis of Results

The effective width ratio is defined as the ratio of the maximum load sustained
by a buckled plate to the maximum load it would have sustained had it been re-
strained from buckling. It is computed from the maximum load observed in the
buckling test and the ultimate stress obtained in the compression test of the
material.

The maximum loads obtained in the buckling tests of plates apply only for the
precise edge and end conditions existing during the test. These conditions,
which approximated hinged edges, are shown in detail in figures T4 and 75 of
Mimeograph No. 1316-D. Variation in these conditions between one test and an-
other may cause variation in values of the effective width ratios obtained.

The ultimate stresses obtained in the compression tests on coupons of the ma-
terial of the plates were used to compute the maximum load that the plate would
have sustained had it been restrained from buckling.

The effective width retios used as ordinates of the curves were based on the
buckling tests of plates and laterally supported column compression tests of
matched coupons stressed at 0° or 90° to the direction of the face grain and
compression tests at acute angles to the face grain of 6- by 2-inch (or less)
coupons of the material from the plates.

The abscissa of the curves is & nondimensional parameter of panel width de-
termined as follows:

Rept. No. 1316-I -5-



The critical buckling stress in compression may be computed by the formule:

2
=k E _h
qcr ¢ L ”;2 (1)

The width of a plate in compression theoretically may be adjusted so that the
buckling stress and the ultimate stress are the same. The symbol a, is used
for this width and the formula becomes:

F =k & Db (2)

Dividing equation (2) by equation (1) and teking the square root, the following

is obtained:
a =,/:i;:_ (3)
ahO IV qCI‘
The constant k. is used in both (2) and (3) to allow for the specific edge and

end conditons that occur, as well as the properties and dimensions of the plate,
but cancels out of formula (3). Abscissas of the points plotted were based on
the maximum stresses from compression tests of the material and,the critical
buckling stresses observed in the buckling tests. The ratio (f;;) is therefore

e parameter of panel width that does not depend on the edge or end conditions of
the plate, except as these conditions enter the experimentally determined criti-
cal stress qcr

Sufficient data were obtained to locate the curves for compression at 0°, 45°%,
and 90° to the direction of face grain. If the material were such that the pro-
portional 1limit in compression conincided with the ultimaete stress and 1f it
were perfectly uniform in strength properties and perfectly flat at the start

of test, the curves would go through the point 1, 1. Experimental curves, how-
ever, will not pass through this point.

Data obtained for compression at 15°, 30°, 60°, and 75° to the directlon of face
grain indicate the approximate location of these curves but are insufficient to
define them. It was assumed that the relative location of these curves between
the curves for compression at 0° and 90° and at 45° does not change throughout
their length. Because there is insufficlent data to substantiate the entire
curves for compression at 15°, 30°, 60°, and 75° to the face grain, they are
shown with a broken line in figure 141.

The curve for effective width at 0° and 90° and the effect of the compression
test data on several of the points used to draw this effective-width curve eare
shown in figure 146. Each point based on 1- by 4-inch coupons is shown con-
nected with the. corresponding point based on 6- by 2-inch coupons. Because the
maximum compressive stress (Fcu) determined by test of coupons appears in the
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ordinate, Fc eff., and in the abscissa, A ’Fcu, changing the maximum stress moves
cu Per

-2
the points along the hyperbola (y = ax ) where (a) is a factor depending on the
critical buckling stress and the maximum stress observed in the buckling test
for each point in question.

The effective width curve is not a hyperbola, but it is sufficiently similar to
one in the range where data were obtained so that small changes in the value of
the maximum stress would not appreciably alter the effective width curve given.

Conclusions

The curves presented in figure 141 may be used to determine the effective width
at maximum stress in compression at 0°, 15°, 30°, 45°, 60°, 75°, and 90° to the
face grain of a plywood plate with its edges and ends approximately freely sup-
ported in a plane, providing the critical bucklingzstress of the plate is com-

ruted in accordance with the formula Dep™ kc EL -EE as presented in Mimeograph
a

Nos. 1316 and 1316-G, and providing the maximum stress is determined for the ma-
terial considered. This curve is probably sufficiently accurate for edge con-
ditions other than freely supported if these edge conditions are teken into ac-

count in computing the critical stress and therefore the values of —2— .
8o

The common compression formulas are applicable for computing loads, stresses,

or strains before buckling occurs. After buckling occurs a portion of the plate
may be considered to carry the load. It is evident that this portion is a maxi-
mum when buckling starts and decreases as buckling progresses. The portion, ef-
fective width ratio, at ultimate stress is therefore conservetive for lower
stresses.,

Further study is necessary to establish accurately the effective width ratlos at
the proportional limi{ stress and at other stresses between the critical buck-
ling stress and maximum stress. Such determinations are not simplée because of
the complicated stress distribution in a plate of orthotropic material after
buckling has occurred in compression at an angle other than 0° or 90° to the
principal axes. Further study would involve mathematical analyses and the de-
velopment of new ahd more complicated testing techniques.
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Table 27.-~Chrarved and computed ¥yalues ohisni from tre bugkliuk test of flot plywoud plates eod the
tent of 5y e-iach cousgna 1g gomrression st 17*, %0*, Loe. BQ* end 79° to toe direction
of face grain

: H : : t
Plete :Effective:Parameter:Computed: Observed results of : Compression test reeulte

RNo. : width :of panel :maximum : buckling tests : .
: ratio : width :load for: 1Maximum:Proportional :Number of :Specific:Moisture: Modulus of
2 Fe off ¢ a : plate :Maximum : Critlcal : strefs: limit : plate ;gravity :content : elasticlty
: T a, : : load sbuckling load: H stress :thiclmesses: : H
: Fou : : ! : : :

@ @ : 3 W B (6) : (M 2 (8 s (9 ¢ {10) + Q1) (12)

o : - : H B lmmLmr : [ ' - i s . :
: Pounds : Pounds : FPoundg ¢ Pal 3 Pei : :Percent : 1,000 pel

‘

ecimens tested with face grain direction at 15° to loaded edge (75° to compressive stress)

3q - 15%: 0.333 2.65 16,321 : 2,108 : 300 : 3,80 ¢ 1,420 2 :0.65% ¢ 9.1 016
Bq - 1n%: W02 a.z: : 4,527 1 1,820 50U ; 2,L%0 @ 1,580 3 P, N Lz
2q - 15t .51 2. : 3,578 t L,614 600 1 2,580 1 1,360 3 W30 3.2 585
129 = 15%: 334 2.43  : B,B94 : 2,320 : 1,000 : E.E:ﬂ 1,830 2 500 g.9 Bi2
g - 15°:  .Byy @ o1.83 9,922 W78 :  2,9% ;4030 1920 2 PR 4.8 812
l9g « 15%: .1+5a r .60 113,751 ;BRI @ 5,400 §oM,820 1 2,580 2 1 b2k 3.6 766
17g = 1h%: . o169 ?,113 ! E.hm D 2,00 180 ¢ 1290 : 2 PR 8.2 26
20q ~ 15%: L4006 1.9 10,26  %,170 ¢ 2,800 o Rhow 1 2U1NMD H 2 gy 7.6 B30
2lq = 15%; . 5\8 141 11,778 : b,100 5,900 ; ko3 r 2,200 H 2 R 7.F b4k
23q = 15*:  .B2§ : 1.53 ; 7,694 1 4,040 E.joo T 3,HB0 : 210 i 2 .alt 3. i)
q~ 15%: 548 1 1.B7 1 9,080 : 4,380 L eou D313 BGH 2 . 500 9.4 788
ecimens tested with fsce grain direction at 30® to_loaded edge (60° to compressive atress)

3po= W L339 o 2B 3,009 @ 2,935 1,370 : 4,840 ¢+ 2,180 2 : 0.640 9.4 703
2-; - 300 330 : o231 o 1,996 : 2,635 1,500 : 4,620 ¢+ 2,350 2 : .620 9.6 6lg
- 30%: 358 @ 2,06 : hEB4 : 1,7HD 1,150 ;2,850 1,100 2 : 438 9.7 50U

bm ~ 30°;  .3H 2.15 5,741 @ 1,890 1,200 : 3,170 ¢+ 1,60 2 : .hel 9.3 500
12p = 0% .30 : 2.00 : 6,201 : 2,230 1,550 s 3,540 ¢ 1,720 2 554 9. 543
15p -~ 30%: LML 2 2.6F 1b,080 @ 6,749 2.100 : 4,930 : 2,200 2 .613 8.€ 638
21p - 30°: 569 @ LB 110,107 5 ARG ,900 s 3,410 ¢ 1,920 : 2 .hgs 7.4 510
p = 0% LS r 165 @ 9,302 & 3,330 3.k00 : 3,200 ¢ 1,440 : 2 .ug2 8.8 Lo1

Specimens tested with face grain direction at 45® to_loaded edge
Ir - U5e; 170 6.0 : 3,161 : M0 : 75 ;5,260 1 2,340 X 4 0.566 : 10.3 764
2e - hyeo; 210 3.05 16,300 : 1,320 : 675 s 4,610 - 2,290 i 3 999 1 9.5 612
e - U5o; 274 : 2.33  ; g,ko5 : 2,304 1,550 ; 4,840 - 2,030 : 2 628 : 9.2 172
If « U5e:  .254 : 2.50 : 8,991 : 2,288 : 1,40 1 5,200 : 2,190 ' 2 : .630 @ 3.5 797
3r - Mge; .276 : 2.60 : 8,368 :2,310 : 1,240 : 5,140 1 2,110 r 2 658 1 9.2 614
br - U450, 130 : 5.21 2.&08 : 300 ¢ 85 : 3,670 @ 1,680 : b iy 10.3 610
Urs- 45 133 ;. by s 2,436 0 325 125 13,990 1,460 4 459 10, 514
br - 45e: 331 5 232 3 ml2T 1,695 ¢ 950 + 2,940 ;1,710 2 i Jue8 9.6 330
10r - Uge: 36 ¢ W.y2 oz 3,020 ¢ 500 125 : 5,080 ¢ 2,k20 '} L560 @ 10.1 721
1r - U5%;  .2FG ¢ 295 1 0,443 1,736 740 + 4,630 1 2,500 3 592 1 9.5 618
12r - 45°: 377 ¢ 2.2 : 6,506 : 2,0 1,300 13,690 : 1,340 2 : .93 : 9.8 S4g
13d - L5e; 23 1 T.80 6,117 : 1,430 425 : 5,860 : 3,110 1) s .578 : 9.5 690
13e =~ U5°; 232 0+ 334 AT 1,34 525 : 5,680 ¢ 2,760 4 : 562 1 9.2 700
1hd - Uge; a7 1.%9 111648 4,970 : k4,630 ; 4,890 ;¢ 3,040 : 2 : .586 : 8.8 602
e - W5e: gz : 1.52 10,606 : 5,180 : 4,600 : 4,520 ¢+ 2,520 ; 2 : 564 : 8.8 657
14f - U5 .hs2 @ 1.B8 19,901 : M,U475 4,500 ¢ 4,180 @ 1,890 : 2 s .556 @ 9.3 600
15r « 45; s 1.23 ;14,116 : 7.675 : 6.000 + 4,930 : 2,490 : 2 ¢ .23 : 9.2 594
16r « U4ge:  .252 : 3. : 3,980 : 992 315 : 3,950 1,680 : ] : b3k 9.7 566
174 - ¥5%: 479 & 1.57 : 7,152 : 3M425 : 2,900 1 3,1 960 ' 2 o2 : 8.8 b1z
18r - U5®: 577 ¢ 1.1? : 8,846 : 5,100 : 4,200 1 3,080 1,020 f 2 A52 ¢ 9.0 688
204 ~ W5°; W62 @ 1.5 s 8,824 : B,075 : 3,700 1 3940 2,480 L 2 kg o 8.3 554
23 - U5°; W24 ; 1.53 : B,M28 : 3,575 : 3,600 1 3,670 1,370 : 2 :o.hgk ;9.0 536
2%0 » U5 . h82 i 1.52 @ 8,577 : 4,130 13.’700 P 3,75 2,10 i 2 : .53 ; 9.5 421
23: e 4e; 76 1 1.52 19,253 : B,U05 ,000 s B,000 : 2,300 H 2 : .532 1 9.5 512
2fr « U5®:  .537 : 1.55 : 9,865 1 5,300 : 4,100 ' 3.&93 ;2,060 i 2 49k ;9.2 385
25e - U5e: 247 : 3.27 : 5,788 : 1,28 540 15, 2,390 t 4 : 568 : 9.1 790
25f - W5e: 2% - 3.2 ot B,E0L : 1,333 550 : E.E‘-&o : 2,570 1 y .586 : 9.5 685
274 - h5e: LU5T 1.4 :12,99% ;5,980 @ 5,900 - bhgo : 2,590 2 : .586 ; 8.8 : 538
291 ~ Use; u79 1.51 1t 7.166 : a.hag : ,150 : 3,210 - 2,020 2 s .504 1 8.7 376
320 ~ k50:  _51 1.5 ¢ 1.815 abo ¢ k000 13,410 - 1,720 2 : L2 ;7.9 38
354 « b5 Lyo : 1.k 8,301 : 3,808 1 3,800 : 3,520 ;1,580 2 510 : 8.7 n
356 « B5%: 476 @ 1.65 : 9.24) : Bhoo : 3,400 : 4,070 : 1,820 2 .506 : 8.3 553
352 - B5°: Mo @ 1.51  : 8,397 1 3,820 : 3,700 ;3,660 : 2,080 2 .507 : 8.9 kgg
Specimens tested with face grain direction at 60° to loaded edge (30® to_compressive stress)
3m - 60° ,351 3 2.18 : 8,796 : 3,00 : 1,85 : 4,930 : 2,170 : 2 : .67 : 9.3 566
5p ~ 60®: 264 : 2.85 : b,7BM : 1,263 590 : 3,480 - 1,69 : 3 : 470 @ 8.5 430
6p60°: .31 : 2.07 : 6,400 : 2,243 : 1,500 1 3,730 ¢ 1,680 : 2 s Jh8k ;8.9 457
fm - 60°s .362 : 2.17 : 6,116 : 2,225 : 1,300 ;3,480 - 1,730 s 2 1 WM74 ;8.8 458
{Continyed)
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Table 27.~~(lbeerved and computed values obtuiped from tos bockling teet of flat plywood plates and the
toet of 6~ by A-inch coupons in compressign &t }5°, 30", WA® 6G* and 75* to the dirsgticn
9f face grain lCcuunuedg

Plate iEffective:Parameter:Computed: Cbserved results of
¥o. : width :of penel :meximom:: Dbuckling tests
ratio width :load for:

Compression test results

tMaxigum:Proportional :Number of :Specific:Moisture: Modulus of

l‘! off 8 ¢ plate tMaximum ; Critical : stress: 1limit plate : gravity:content : elasticity

r : 8 t load :buckling loed: etrese  :thicknesses: : :

ca 3 H 1 H H H 3 H

 : @ : (®» : W : (6 (6) R (8) : (9) : (0) : 1) (12)
3 : Ppunde : Founde : JPounds : Pei :  Psi : : :Percent : 1,000 psi

Specimens tested with face grein direction at 60® to loaded edge (30® to compressive stress) (comtinued)
Tp ~ 60° ;: 0.1k ks L o2,am3 ¢ W2 10 : 4,850 : 2,860 : 4 1 0,489 : 10.4 680
9p - 60% ;.43 2.06 3 b,3198 : 2,900 1,500 : 3,590 : 2,070 : 2 + .b99 : 8.0 670
9 + 60° 400 2.06 :.6.&2 : 2,600 1,53 i ’}‘.650 1 2,050 : 2 t .51k : 8.2 708
12p» 60° 1 .313 2.55 1B, 2,660 1.& ; B860 - 2,100 : 2 1 .582 : 9.4 768
12u = 60° .3% 2.22 4 B.Ey7 :2,3% A : 3,900 : 1,980 ; 2 3 .222 : 9.4 N
13p o 60° .197 L1y : 6,7 i 1,332 400 : 7,040 : 3,680 t i .66 : 9.8 : 1,037
1o « 60° : .69 1.80 :u.ggs t 5,500 3,600 : 5,100 : 1,940 : 2 : .608 : 8.9 : 616
15p = 60® i ,U38 1.6k 16,605 ; 7,280 6,200 : 5,800 ¢ 2,330 : 2 : .608 : 87 : 8%
17m - 60°® : .Ug0 1.3 1 5,000 : 3,840 2,400 t 3,400 : 1,500 s 2 1 MO : 89 504
18p » 60° 611 ¢ 1. @ g BUE @ 5,770 4,000 1 Easo : 1,320 : 2 t JM453 ¢ 9.0 : 518
19p» 60® : .231 1 3.5% 1 §,002 :1,15% %00 : b,880 1,920 ¢ 4 1 470 : 9.2 1 802
2a»60°: .520 : 1.61 19,087 : 4,725 3,500 ;3,920 : 1,800 i 2 T . : 7.3 1 668
22p« 60°: .238 : 31.85 15,321 : 1,266 agg : 5,340 2,260 Y : 506 3 9. : 888
2om e 60° : .233 : 360 : 5,186 : 1,210 : 5,300 : 2,330 1 y : 5 3 7.2 723

ecimens temted h fa 5 direction at J5* to loaded edgs {15% to comprasaiva utreny)
me I5%*: .269 : 2,82 :12,68] : 3,285 1,600 1 7,18 : 3,020 1 -4 : 610 : 9.5 11,077
En -75*: .259 : 3M : 6,384 : 1,653 550 t 4 480 . 2,800 § 3 § Rg : 8.2 t 516
qe 75° : .33 3 2.84 .7, : 2,208 900 : 4,180 : 1,860 i 2 . v 9.1 @ 636
bn'e 75° : .266 : 2.77 : 8, t 2,290 1,100 : 4,790 : 2,370 y 2 t .90 1 9.1 : 1,205
lln=75°: .239 : 3.2 : 8764 : 2,092 850 1 gzzo ;2,560 1 3 ' 595“1; : 84 : 870
12q « 75®* : .288 3 3.02 110,507 : 3,0 1,150 16,090 : 2,5 ¥ 2 : L . 8.2 1 802
in e 75 ¢+ 406 3 2.00 115,173 : 6,155 3,800 : 6,600 : 2.928 ) 2 t 622 : 9.2 11,154
15q « 75° ¢+ .N36 ¢ 1.80 118,36 : £,010 5,600 6,560 1 2,950 : 2 r 635 : 89 11,28
16g e 75% 3 .07 : 3.97 : 4,8M : 1,014 310 s 4770 1 2,170 1 y V- .h;E ' 9.3 : 92
17¢ = 75° 3 13. : 1. $10,103 1§ k4,000 2,200 P 4,150 ;0 2,690 : 2 1 WM 8, 952
1lme75°: 452 1 1 i 9;h68 uizsz 2,800 1 k050 ¢+ 1,870 1 2 1 e 8.6 180
19¢ « 75® :  .223 : MWW :5,81 :1,29 300 :3.670 ;3,290 : y : g2 : 9.1 1,470
Xne 75° : L4365 : 1.89 11,459 : 4,985 3,200 v g0 r 2,940 : 2 1 W48 : 7.6 842
22q » 15° .“29 t 3.98 65,552 : 1,327 350 ,680 2,700 t y I .500 1 9.4 1,384
23n » 75 469 1 1.70 :11,639 : 5,460 4,000 1 b, glo 2,200 i 2 : .518 1 9.5 934
H 3 H 1 H
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Table 28.--Computed velues and data from Foregh Products Laboratary Mimeos.

Mo. 13150 and No. 13156-E partinent to the effsctive width of
plywood plates in compression at (% ard N ro direction of face
graln
H Compreession parallel to face grain s Compression perpendicular to face grain
Panel —=—- - H
No. : Effective : Parameter : Observed : Average : Effective : Parameter : Observed : Average
width : of panel : critical : maximum : width : of panel : critical : maximum
: ratio : width : stress : stress : ratio width : stress : stress
R e L GORSTEE 2 LS
: Fowla : %o : : P : Feudy fo s P
Q) (@) : (3) i (W) i (5) :
: : Psi. s Pai, :
la : 0.289 L.yy 230 : U,540
b .286 5.27 185 2 140
lc @ .309 ¢ 5.13 181 &,760
2a .30 3.39 b9  : 5,TwW
2b i 384 3.11 5% : 5,780
2c @ L4000 .43 473+ 5,580
a3 Jhob 2.52 790 @ 5,030
1 472 2.27 : 1,012 : 5,230
Ec Je2 2.50 ¢ 800 : 5,000
a 3 271 6.52 Do) S (D T S 3 I
Ly 2719 3 5.69 @ 143 : 4,620 e N T T
e 3 Lou6 6.28 123 ¢ B,BU0  jeriacceiansdescmmremanets periraeaens
fa ¢ .320 343 Y51 & 5,320 teivesnurssmiramcs varemrriann
5 ¢ 342 s 2.88 682 : 5,680 : .338 ¢ .38 2,780
¢ : Jwg ;277 : 665 : 5,100 :  .319 .06 2,620
6a : .382 311 500 : 4,820 : .326 3.06 2,800
&b RTA T, Y 2.69 539 3.910 S
bec -394 3.12 T T 1O 1< S S N L TR LI
TJa : L343 4.92 145 3,500 L T T T IR
oo .230 5.2 161 ¢ B 7UD  tiieeemriiialereesmcesaaieaitrsnrainnraniiaans
TJe 259 5.58 139 1 4,330 firssrsenenesdermaesreriafarammrerardaniirrrass
8a 370 2.98 604 i 5,350 L2 .73 226 ;. 3,1ko0
-3 S} .386 .13 %27 : 5,150 284 .84 214 i 3,160
8c 373 3.h0 Lyp i 5,120 .279 3.54 2u2 ¢ 3,040
Sa .382 2. 25 : gl 1 3,5 s .329 3.3 187 ;2,100
9 .362 2.45 634 : 3,810 .320 3.3 177 : 1,970
9e g 2.0 635 i 3,660 %9 2.9% : 257 2,220
10a : .258 5:30 & 182 1 5,120  Gericravincnicesrrinnons Feserrenans HETERS Y.
10¢c - I 5.95 166 1 5,880 tiieeesssceciressmrarasnizeees i TR - -
1lla .337 ¢ 3.29 584 1 6.1320 : 331 ¢ 3.5 1 243 o 3.050
11v .327 3.32 588 1 6,U80 .303 .68 ¢ 2h7 3,270
lle L3450 . au : 543 ¢ £,050 ¢ JING g 3.49 ¢ 2kg 2,540
12a .385 2.k2 g712 : 5,090 L3026 7.1 ¢ 18 1,160
126 ¢ o 2.35 gy 5,800 ¢ L350 2.87 1+ 303 1,000
12c : 419 2.49 839 : 5,200 ¢ J310 3.15 316 3,1%0
1%a 400 2.90 : 579 : 4,880 269 k. gl 174 L4, 2L0
13 .376 311 : 548 ¢ 5,2%0 L2k 4.35 ; 227 L, 300
1Ec : 1 F- B 3.0 1 578 : 5,340 .226 k.16 262 4,520
lha @ 616 ¢ 1.5 @ 2,520 LTS [+ B Jag 2,09 923 4,010
Wy ¢ .583 1.52  : 2,518 1 5,830 W50 2.01 1,042 4,220
e .596 .42 2,690 t 5,500 L4567 2.00 923 3,680
158 3 625 1.33 & 2,920 1 5,140 L4139 1.98 1,127 4, 4o
15b .627 2 1.42 : 2,638 5,310 Ty 1.82 : 1,257 4,180
15¢ TS 1.4y z.age Ly Ry 1.82 ;1,26 4,170
16a .335 345 i : L, goo 2Ly 4.t8 136 2, 3%0
16b L3370 e 3.38 1 usg ;5,200 246 .70 136 3, 000
16c 372 3.39 ¢ Lob : L.a70 .26l 5.13 : 109 2,870
17a 597 ¢ 1.50 : 1,636 T 3.570 478 2.21 3 n7o 2,780
17p -513 1.55 : 1,609 ¢ 3,860 -397 2.39 h21 3,020
17¢ .65 1.44  : 1,678 ;o 3,ke0 409 2.13 : 956 ¢ 3,030
18a .529 1.33 : 1,765 : k120 sk 1.92 : The 2,7
18b 5Th 1. i 1,979 ¢ 4,080 JLsg o 1.8 © 1,038 3,410
18¢c 650 @ 1.38 : 2,059 :+ 3,940 472 1.85 : 932 3,200
(Continued)
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Tedble 28.--Computed vsloes :nd date from Forest Producte lubormtory himeos.
No. 121-aD and %o. 171b-E pertinent to the effsctive width of
plywood pletes 1. compression ot 0% and 90° to directiom of face

grein (Continued)

4 ]
” i Compression parallsl to fcce grain H Compression perpendiculer to face grain
anel e e e i e e e i e e - —an . murm——
No. i Effective : Parameter : Observed : Average : Effective : Parameter : Observed : Average
: width : of panel : critical : meximum : width : of pansl ¢ critical ! meximum
' ratio : width : stress : stress Y ratio : width : stress ! stress
¢ ¥ eff ¢ a y s (A" x 4" Fg oppr G a ¢ = (1% '
f @ . ag : coupons): @), a, . coupons)
 : @ « & ¥ o B o (B M« @ (D
Psi. . Psi. : 4 ¢ Psi. : Psi.
1%a L4eg 2.8% ¢ u7s 3,880 = +2hb i Wby : ek 3,210
190 -376 2.98 :+ 479 : f& 250 ¢ 240 ¢ k7R 7 142 ¢ 3,200
19¢ e 2.60 : HU : 3.800 .238 1 L6 ; 1y ¢ 3,380
208 T 1.e1 2.1k NG T3 L3951 2a 3 &1 3,920
b $533 & 1.5% ¢ 2,334 TR 7o LEr 1 2.él ] 7ol P 3,70
2le . 536 : 1.53 1 2,24 1 H, 280 i L2y ¥ 2. 10 . 785 H 2,520
2le LE1C 1.3 2,215 ¢ 3,780 W3 171 : Bs6 3 2,480
1t R 1.3 1 2,027 PR T C A7 s 1,71 : g2 : 2,570
2le .00 1.32 1,365 ¢ 3.bop a2 277 : 822 1 2,580
2za . 130 1.13 b3 HafEh) b caanimmiid b Fim s ik T el i 8 6 w1 o -
22b ¢ .280 ¢ 3.71 439 6,0L0 .293% 3.83% 193 : 2,830
22¢ .321 3.19 Lyo 5,040 . 298 3.97 176 ;2,770
23a 547 1.67 1,695 L, 720 R 1.90 953 ¢ 3,400
23 . 55 1.65 1,855 5,020 . 389 2.08 : 85 : 3,700
23 .53 1.55 1,96k 4,700 ¢ -459 1.99 : 857 : 3,400
2ha .602 1.48 2,107 L,e20 459 1.73 : 1,109 3,310
24p ¢ €51 133 2,699 4,780 LE09 1.54 : 986 ;2,230
2he .653 ¢ 1.43 2,080 4,240 531 1.48 1,127 :  2,b%0
25a & .h39 2.59 609 4,080 175 3 5.22 : 231 : 6,300
25b & .4os 2.68 616 : 4,20 199 ¢ 5.h49 3 202 : 6,080
25¢ ol 2.£9 610 : L,b10 .183 5.12 : 232 : 6,08
26a .563 @ 1.52 : 2,135 : 4,900 312+ 2.53 : 830 : 5,710
2tb .552 1.43 2,b20 : k4,980 365 2.57 : 830 : 5,500
26c @ 619 1.33 2,605 & 4,60 L34 2.7 : 760 5,8
27e. @ Tk 1.24 2,634 : L 060 -39% 2.02 1,296 5,200
2Tv .61 1.38 2,405 : k4,590 . 389 2.10 1,337 5,910
27c 2797+ 1.13 3,163 : 4,030 .365 1.96 L 4ol 5, 420
28a 403 2.86 88 : 3,180 .169 5. T4 i 128 4,220
28b .358 2.97 53 @ 4,000 .199 5.42 3 135 3,960
28¢ L3677 2.56 587 i 3,840 187 ¢ b.93 g 173 4,210
2% .589 1.4 1,903 : 3,720 %9 ;1 254 690 L, 450
2% 630 1.33 2,088 3,700 @ k6 : 2.63 : 624 4,320
2% : .668 1.31 2,109 : 3,640 .31  ; 2.69 3 593 4,290
308 : .659 1.26 1,860 @ 2,960 25 0 1,95 g 958 3,650
30b 679 1.24 : 2,000 : 3,050 L3723 2.00 : 82 : 3,
30c .697 & 1,22 : 2,023 : 3,000 11 1.87 : 9lg, , 330
Ila 521 2.49 Wy : 2,580 .231 @ 5.32 s 149 ,210
Ny .55 @ 2.42 h2g i 2,500 .182 : 5.61 : 151 4,760
3le : .53 : 2.43 b6 : 2,460 .186  :  5.71 ] 135 ;4,400
32a -684 1.18 Z,264 ;3,100 . 362 2.54 753 4,860
320 .652 1.28 2,063 i 3,300 1 . 322 2.68 728 5,220
32¢ .636 1.29 2,17% ;3,000 L322 1 2.7 Bah 5,130
3% <133 1.17 1,735 ¢ 2,30 ¢ L7 1,95 ; 934 3,550
33b . 951 1.03 1,942 ¢ 2,090 HRE 5 Ty 307 + 3,340
33c 3 .723 1.18 1,590 : 2,200 LABT . & L.3@ 336 3,440
s .381 3.09 ho = 1,910 21 1 W7o : 172+ 3,920
Wy .348 3.5 iﬁﬁ : b.580 230 ¢ W.8H 210 L, 340
e oy 3.07 : 4,180 .23 ¢ hogb 13 ;3,970
Ba ¢ .548 1.37 : 2,208 : k4,140 .27 2.21 5 889 4,580
3K .580 1.38 2,167 : 4,1k .ﬁ52 ;. 2.08 : 954  ;  L,290
3Be 545 ¢ 1.33 2,310 : 4,000 : 379 ¢ 2.27 : 897 : Uu,620
36a .618 1.25 2,50 ¢ 3,920 517 1 1.73 : 1,168 ;3,48
bt .594 1.37 : 2,102 : 3,940 L5001 ¢ 1.78 + 1,137 3,590
36c .650 1.26 @ 2,463 : 3,910 g 1,76 : 1,207 3,940
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