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This report presents test data in substantiation of formula (16),
2
h . .
Pcr = kc EL ;5 » for the buckling stress of plywood plates in compres-

sion as presented in Forest Products Laboratory Report No. 1316, "Buck-
ling of Flat Plywood Plates in Compression, Shear, or Combined Compres-
sion and Shear." These data were obtained in the same manner as the
data presented in Report No. 1316-D, "Buckling of Flat Plywood Plates
in Compression with Face Grain at 0° and 90° to Load."

For a discussion of the problem, the materials used, the system of
matching and marking specimens, and the method of test, see Report No.
1316-D.

Very few modifications of the procedure used in the compression tests
of plywood at 0° and 90° to the direction of the face grain were neces-
sary when the direction of the face grain was placed at other angles to

lThis report is one of a series of brogress reports prepared by the
Forest Products Laboratory relating to the use of wood in. alrcraft.
Results here reported are preliminary and may be revised as addi-
tional data become available.

gOriginal report dated November 1943,

éMaintained at Madison, Wis., in cooperation with the University of
Wisconsin.,
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the load. Modifications were necessary, however, in the layout of spec-
imens and plate sizes, and in the determination of the critical buckling
load of thick specimens.

A modification of specimen layout was necessary to obtain specimens and
matched coupons for pack compression tests having the face grain at the
same angles to their edges. The layouts were as shown in figure 91.=

The plate sizes were again computed from the elastic properties of the
plywood to obtain the length-width ratio for the formation of a buckle
in a single half wave. Dimensions of the plates from each panel were as
shown in table 15.

The second modification of the procedure used in the compression buck-~
ling tests at 0° and 90°, for this series of tests at other angles, was
an improvement in the technique of observing the critical buckling load
of thick specimens when the critical buckling load was greater than 0.75
of the proportional-limit load. It was observed in the effective width
tests (Report No. 1316-E) that the rate of increase of the average
strain at the center of the plate decreases and that the rate of in-
crease of the average strain at the transverse centerline near the edges
increases at and sbove the critical buckling load. Therefore, in addi-
tion to the buckling deflection, strains were measured at three points
on both faces of the thick plates, at the center and at 3/8 inch from
the edges on the transverse centerline. When the lateral, or buckling,
deflection curve gave no indication of a critical buckling load, the
critical buckling load was taken from the straln curves as the load at
which the distribution of strain at the center and the average strain at
the edges started to change rapidly. A typicel example of the method is
presented in figure 92, in_which the buckling deflection curve and the
strain curves are plotted.z It may be noted that there is a sudden
bresk in the "center" load-strain curve at a load of 2,800 pounds which
is teken as the critical buckling load in this instance.

Except for these two modifications, the same system of marking and match-
ing of material, and the same buckling-test apparatus and procedure were
used in this series of buckling tests in compression at 15°, 30°, 45°,
60°, and 75° to the face grain direction as were used in the compression
buckling tests at 0° and 90° to the face grain direction.

EThe figures and tables in this supplement are numbered consecutively
with those of Report No. 1316 and its supplements, 1%16-B, -C, -D,
-E, and -F.

zThe Southwell method of determining the critical locad 1s not applicable
to flat plates in compression. (Report No. 1316, page 15, and Report
No. 1316-D, page 4.)
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Presentation of Data

Data obtained in this. series of tests are presented in table 15, togeth-
er with various computed values and in figures 93 through 102, and 1Ok
through 107. All test data from each panel are tabulated following the
panel number given in column 1 of table 15. The test data for the
plates are given in columns 2, 3, 4, 6, 11, 12, 13, and 15. When only
one plate was obtained from a panel 24 by 24 inches, as for compression
at 45° to the face grain, columns 11 through 19 and column 20 are omit-
ted. Data obtained from the tests of coupons are presented in columns
20 through 23.

In figures 93 through 97, and 104 through 107, are plotted the ratios

of the observed critical buckling load to the proportional-limit load
against the ratios of the computed buckling loads to the proportional-
limit load. Two critical buckling loads were computed for each speci-
men by the method presented in Report No. 1316, first, (figs. 93-97) us-

k . k
ing EE_ assumed equal to EE_ as given in figure 12 of Report No. 1316,
coo i Boo k
and second, (figs. 104-107) using the values of EE— obtained from these
Coo

tests as discussed later. Figures 93 and 104 show the results of tests
in which the load was applied at 15° to the face grain direction; fig-
ures 9% and 105 at 30°; figure 95 at U5°; figures 96 and 106 at 60°;

and figures 97 and 107 at 75°. These figures present graphically an in-
dication of the accuracy of the method used for computing the critical
buckling load. Only the data included in the range for which the criti-
cal buckling load is from 0.1 to 0.9 of the proportional-limit load are
significant in determining the accuracy of the formula (Report No.
1316-D, pages 5 and 6).

For tests within this range, the average ratios of the observed criti-

k
cal buckling load to the critical load computed using EE_ assumed equal
k Kew
to EE— are:
Soo

Angle of compressive stress Observed critical buckling load ex-~
to direction of face grain pressed in percent of computed load

15° 68
30° 82
L45° 99
60° 92
75° 88
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The curves in figures 93 through 97 and these percentages show that the

k
assumption that —S— equals —S— is correct only for the plates in which

: Coo Soo
the face grain is at an angle of 45° to the direction of the load, and
gives high values of the buckling load for other angles.

The method of computing the critical buckling load is given in Report
No. 1316 with the formula for the critical buckling stress

In this formula, h is the thickness and & is the width of the plate.
These quantities were measured asnd checked at the time of test and are
not questioned. The value of the modulus of elasticity of the individ-
ual plies in a direction parallel to the grain (EL) was determined by

static bending tests of coupons and the formula -

E E +E,

in which El and E2 are the bending moduli of elasticity of the plywood

parallel and perpendicular to the face grain, respectively. This formu-
la assumes that the ratio of the transverse to the longitudinal modulus
of elasticity of the individual plies is 0.05 and has given satisfactory

results previously. The value of EL is, therefore, believed reliable.

The only other term in the formula is kc. This term is made up of two
which is mathematically determined by the energy method and

00

applies" to panels infinitely long, and a correction factor for length.
It is assumed that the correction factor for length is in error. The
value of k was determined for each specimen from the value of k for

each specimen by the use of figure 12 of Report No. 1316. 1In that fig-
ure the ratios of these factors for panels subjected to shear stress ap-
plied parallel and perpendicular to the direction of the face grain

factors, kC

k
(EE_) are plotted as ordinates and the ratio of the length of the panel
S
to the length of a single ideal half wave ( ) as abscissas. The ordi-
b'

k Lo
nates were assumed to be the same for S .
Coo
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This assumption was studied by computing an observed kc from the ob-
served critical buckling load, the EL, and the plate dimensions. These
observed values of kc were divided E; the values of kc@ obtained from

Report No. 1316. These ratios were plotted as ordinates and the ratios

b
of — were plotted as abscissas in figures 98 through 102. Also shown
b_ - c k

in these figures by dashed lines is the curve for EE_ from figure 12.
Soo
It is apparent from a study of these figures (98 through 102) that the
k observed kS
ratio of -£——— does not agree with o when the load is applied
Coo Soo

_._.-_.T___O © o
at angles of 15°, 30°, 60°, or 75° to the face grain direction.

It was assumed that the values of ka are correct; and that the ratios
k k —
EE are not equal to EE— . Therefore a new group of curves similar to.
Coo Soo
figure 12 of Report No. 1316 were drawn for each angle between load and
face grain. In drawing these curves, it was assumed that the form of
the curve given in figure 12 of Report No. 1316 is correct. The new
curves were, therefore, obtained from the old one by adjusting its or-
dinates so that the new curves passed through the average values of the
k
test results and so that the value of the asymptote (EE—-= 1) was not
Soo
changed.

This adjustment was made by determining a factor F from each test using
the formula

kc observed

e
F = ;“
) -1

and then finding the average factor for the tests at each grain angle.
Using these average factors, the new curves were drawn for each angle

°-1*

k k
with — = 1 + F [}EE—) - %} for all values of — .

k
Coo Soo
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Curves corrected in this way to agree with the observed data are pre-
k
sented in figure 103 as a family of curves for ES— at various angles to
Coo
the face grain direction. The average correction factors, F, used are:

Angle of load to Correction factor
face grain direction ¥
15° 0.47
30° .58
45° 1,00
60° .86
° .66

The critical buckling loads were computed using this method for the de-
k
termination of EE_ and are plotted in figures 104 through 107.

Coo
Conclusions

The critical buckling stress of flat plywood plates in compression with
the face grain at 15°, 30°, 45°, 60°, and 75° may be computed by formula
(16) of Report No. 1316,

if the curves of figure 103 of this report are used for determining kc

instead of the curve of figure 12. The values obtained by this method
agree with the average experimental results obtained.

The curves of figure 103 have not been experimentally determined
throughout their entire lengths, but each curve agrees with the average
experimental results. The curves were drawn according to the form of
the curve given in figure 12 of Report No. 1316, and represent the best
available information.
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From consideration of the data in figures 98 to 102, it is evident that

k
values of ES given in figure 103 are in best accord with the experimen-
Coo
tal data for © = 45°. The deviation of the data from the curves of

figure 103 is greater for 8 = 30° and 6 = 60°, and still greater for
6 =15° or 75°. For the grain inclinations of 15° or 75°, the ratio

k
EE— ranges approximately 20 percent on either side of the mean. There-
Coo
fore, the lack of data for a wide range in values of b_ and the devia-
bl

tion in the observed data at the tested values of ET should be given
b

due consideration in using the curves of figure 103.
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Table 18.

t data

nd_computed values for buokling test plates and coupons (Continued}.

Ennel
na.

(3)  + (2)
“.-_-_:“i;_:“.
i
:

14 1 12,00
le : 12.00
t4 : 12.00
1r Ir 14.04
irs : 8.02
24 : 14,01
2e : 12.01
2f : 12.00
34 : 12.00
3e : 12.00
3 12,00
3r 1 14.08
3rs : 8.02
4T : 11,04
4rs : 8,03
54 : 12.00
Se : 12.00
5f 1I 12,00
ér ‘l 14,02
Sre : 8.00
8d : 12.00
8e In 12.00
er : 12,00
io0r :. 14.04
10rs : 8.02
114 ’n 12,01
1le : 12,02
j3¢4 | 12.00
11r J| 10.7%
1irs 1 8.01
12r : 8,9%
12re : 8.0
134 Il 12,82
13e : 12.82
137 : 11.62
144 : 12.82
l4e : 11.28
141 : 11.26
186 1 12.82
18e : 11.28
18¢ : 11.28
15r : 12.88

1
L}

B
[}

e B L T e
" [l i i Uaﬂ{uloﬁ i Cheerrad i Computed i ]
i [ i i oritical § oritical i icad at g i
v Length o ¥idth 1 Thiok= ¢ huekling @ buckliing & propors & §* b
b I load load 3 (] &

L}
L]
L]
[
[l
L]
[
(]
i
L
L}
i
L
fl
i
i
1
[
1
i
i
1
i
'
b
[
]
L
1
i
(]
L]
i
']
]
1
i
L]
i
1
1
i
[
I
1
]
1
i
L]
B
(]
L]

[E3]

s

in.

9.47
9.49
9.49
9.04
9.54
9.49
9.49
9.49
9.49
9.49
9.50
9.52
9.54
9.53
9.54
9.49
9.49
.49
2.53
9.31
.49
9.50
9.49
9.53
9.5%
9.49
9.49
9.49
9.54
9.53
9.53
9483
9.49
.49
0.49
9.49
9.80
0.49
9.60
9.49
9.49
9.82
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i

4 &« {8 (8 (7]
T I A S e
i : J'

1 E]

Irraranaaadd 824

e o e

c 1 1

+066 [ S ek 848
083 & W 1 1 . 7es
088 1 86 ¢ 140 . 978
a48 1 ez 4 750 5 1,900
Q40 1 638 . 675 1 2a8
AT § 870 Mewesesierel 1,708
283 4 1,864 1 1,480 1 2,688
183 1 1,866 5 1,880 & 2,747
Q82 1 1,493 4 1,460 1 2,606
A7 7 1,007 1 1,260 @ 1,784
J75 1 1,831 4 1,400 1 1,848
088 | 42 1 8 1 748
084 1 @ 1 128 1 s:
282 1 726 eseess.aest 1,807
243 1 856 ) V1,800
42 0 843 o 1 1,e43
a8 1 1,080 | 11,385
81 4 1,286 & 1,070 1 924
43 4 662 Leessiiiieel 2,125
Q44 L 688 Farsiniaied 2272
4 E 693 baeeesrensnt 1,900
083 4 47 5 125 4 112
ez & 87 1 125 4
JAE L 678 Bessamiaeeer 2,087
a5 1 709 2,163
244 1 o 2,258
46 1 896 4 0 1 1,60
a47 L ess i 800 1,208
288 1 1,408 4 1,300 1 1,670
L85 1 1,478 1 1,600 4 2,166
10 4 801 1 428 1 2,087
00§ e22 2 ses i1 2,088
.109 027 3 V1,002
251 ) 8,040 b 4,630 1 4,008
247 ) 6,274 5 4,600 1 4,834
282 1 6,008 1 4,000 4544
1302 1 90930 Beesvererasl 4,699
L3041 11,080 1 5,000 1 4,688
308 113,213 farerareeeal 5,384
.302 3 11,313 1 6,000 & 3,602

Compression buckling test plates

Eroparties of plate matarinl

Loaded at 48° to direction of face grain

tional
imit

L]
[
[
i
L]
3
i
i
4
a
1
4
.
1
+
.
.
1
L]
F
k
b
i
i
L
[
B
i
¥
i
i
(]
L]
B
(]
(]
"
i
i
1
i
1
i
1
¥
i
i
b
i
!
¥
¥
b
1

[
[
Ll
i
1
L}
i
1
i

i8)

1,923

1.481
1.079

<959 ;
1.971 4
1.822 :

i L]

1.864 1 1. 17issssssassanmn
1.802 : 1-152: 1.111
1.621 : 1-1791 1.168
1.485 l 1-155: 1,148
1,720 : 1.137: 1,284

979 : 1.452: 1.366
1,399 : 1121‘: 2.487
1.016 : l-“‘: 3.981
1,483 : 1. 188!----111|1r-rr
1.515 : ‘llaoild1lr||rrrrrl.
1.521 H 1.179:1,11;;;--.---|
1,793 1.124- 1,028
1.024 1.‘36: 1,194
1,535 1 1. 176:+'+rrrll
1,513 : 1. lﬂoluururr-r-d-ddi
1.487 : 1-107!111....------!
1,816 : 1.122: 2.991
1.038 : l-‘a‘: 3.148
1.528 : 1.!77:vv-rr-rrdaaaa

1.822
1,568
1.378
1.024
1.108

«991
1.308
1.392
1.263
1.397
1.234
14234
1.389
1.218
l.214
1.400

)
11791
i

1.1684..
+
1.221¢
1
1,436
3
1.362:
L
1.4708
I-
1.213r
]

L]
Ll
1
i
Ll
Ll
i
i
1
!
1
1
i
'
¥
i
(]
[}
1
[l
L}
i

v l-ﬂll
i

t LoROYN nnnnnnndpaiaad
1

I 1
i l.220n

]
2178 paiaiininnnnnnd
] i

+388

«043

lini{ stress In ]
campreuaion ¥

FEmEmrE s EE e e b U

4

]
'
'
A¥ermpge proportisnal L
1
]
1

1,860
1,263

Average muﬁulu- o! lln-tio!t’
in bending

Tt 4b° to 1.e. grain g With fwcw graln g With facs sn;n
{Coupons O & F)

parsllel ka0 parpendiouler ta
span [Coupons wpan [Qoupona
Dk X ] Fia
]

124,2
130.6
1,0624.0 138,.9
1,276.5 140,3
1,276.5 140.3
2,136,0 162.2
1 2,104.0 165.4
: 2,200,0 136.8
1 2,295,0 187.9
: 2,446.0 182,7
L 2,160.0 193,2
l 1,940.0 188,8
: 1,940.0 185.8
: 1,381.0 99.9
: 1,381.0 99.9
' 1,786.0 162.0
: 1,787.0 138,0
: 1,818.0 138.0
: 1,790.5 119.6

i 1,790.5 119.6 i
: 2,173.0 181.5
: 2,098.0 161,86
: 2,032.0 179.4
: 2,081.0 125.0
: 2,081,0 125.0
: 2,184.0 1589.2
: 2,215.0 168.0
: 2,204.0 136.7
: 2,173.5 146.8
: 2,173.5 146.8
: 1,722.8 150.6
11,7228 150.6
: 1,672.0 496,0
: 1,712.0 581.0
: 1,0683.0 B826.0
: 1,703.0 818.0
i 18380 901.0
T 1,688.0 488.0
v 1,80.0 803.0
v 1,8220 528.0
I 1,46000 844.0
T 1,800 4 835.0
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Table 1S.-<Dagf dade 5 ..

. e 3
Compr buokung test plat L Properties of plate utoun

o s e o o e R fmramaT—tan aemmmrn
" ) L Average proportional a Average nmlul of elasticity
i Loaded st 48° to direction of faae grain b 1imit etress in [l in bending
Panel 3 compression 1
D0, B s e e S R L B R R R o e ooy
i [ [ 1 Computed 1 Coantvsd § Computed El ] ° 1 With faoce n'nn 1 with r. oe
" [ 1 § Griticoa) & oritienl & load at 1y "y b At 45" to face grain i parallel to i p-rp.nnwhr to
§ Lmngth 1 Wdth @ Thiek- g bugkling 3 buckiing v prapers g gl‘_ [ v g obperved » (Coupons © & P) ] lpu (couponl ¥ span (Coupon-
] W i nesm & icad -3 a 1 te i ' f: v kg F ] B) [ T&a)
] ] 1 3 v Mmit ] 1 e i 1
s — R R SRS PO PP i S i i i [ e R S e e
[3) o (4 1] ¥ [!J v M (8] (9 (10} v {a)} ] (22) ' (23)
i frsssnsssasjsann wsuans
' e + Ing We o ot Polbe i i 1900 13, 14000 1b,
L] i ] L] ] ] i kA p_gf
L[] ' ' L] L] [ ] L] Ao I.H’ !3' E:
] v ¥ 1 W [
16r @ 12.84 9.80 & T.108 7L I 1.424 | 1. th 1.327 640 i 1,266.0 207.2
| ] E L] i 1
17d i 11,33 9.49 1 240 5973 ] 1 1.230 ¥ x.zad. 938 1,258 [l 1,152.0 372.0
[ ' [ i i [ '
17 i 11.28 9.48 1 J240 410N i 1 14221 & 1.29Qpaannananmananll 1,208 1 1,180.0 398.0
[ i 5 i " ' ' [
17t i 11.28 9.40 1 LR40 T8 1 E1e206 1 X.2980unisicininnand 1,365 1 1,042.0 366.0
1 ] ' ¥ 1 '
17r 1 12.82 9.80 & L2438 4,807 ] :. 1,400 5§ 1.2132 694 [ 680 i 1,477.0 425.5
' W ' i ] ' 3 '
18r i 12,67 1 9.51 1 «302 T 808 v i 1.408 § 1.2113 +869 [l 702 ¥ 1,423.0 325.0
i ¥ v i L] ] L] [} i
204 1 12.25 5 9.48 § LPEE 3,498 i b 14230 & ).28€2 866 1 1,512 i 1,768.0 517.0
i & ] [ ' [ i 1 v
20e 1 11.28 4 9.49 & .2M LIS - R | i 14232 ¥ )o2844 +885 2 1,593 i 1,776.0 495.0
[ 1 ] ¥ v " i i '
207 B 12.83 @ 9.21 1 238 4,823 1 T T e L] 1,466 i 1,763.0 520.0
I L} L] L] L] L] L] i '
23d 5 11.20 0 9.49 1 JE4R 407 o 3,800 3,413 5 1.247 9 1,277 +83%0 i 1,486 ¥ 1,828.0 431.0
i L) L) i r L] 1 1 1
23e B 12.25 1 9.49 1 LR2U LY B 3,700 -5 5 1.249 @ 1.27¢4; 826 i 1,418 B 1,968.0 460.0
W ' [ u ¥ ] . ' W
231 B 11428 g 9.49 1 242 By b2 i 3.800 5,224 i 1.243 1 1,271 831 ] 1,404 ] 1,816.0 452.0
L L) L] ¥ E ] + 1 1
23r 1 12,84 1 9.52 1 .md2 5,273 B 4,000 2,387 B 1.400 1 1.213¢ 920 i 1,036 i 1,674.0 478.0
1 ] [ v v [ ] i 5
24r 51282 & 9.8 1 L334 g B,7BS 1 4,100 g &.3ef : 1.436 1 1.20)4 +560 { 798 ] 1,687.8 347.0
] T ] ) ¥ L i ] + .
254 1 12,00 1 9.30 g 110 & 202 B 1 1302 i 3a280pa uqaaaninand 2,160 i 1,564.0 $14.0
1 ] ] (] ] L] L] ] 0 i
2%e 512,00 3§ 9.50 1 H12 » 0 (] i 1.302 4 1.260k 1.204 ¥ 2,132 E 1,632.0 536.0
1 v i ¥ ] 3 1 I- i 8
25¢ 1 12.00 @ 9.52 ¢ LiX0 & 204 [} i 1.200 | 1. 251- 1.372 [ 1,904 i 1,424.0 544.0
1 L L] . L] L] L]
264 1 12.00 & 9.851 i L3244 0 8,147 v 1.307 . 1. 2‘!!.1-...- reerumaad 1,708 ' 1,8%6.0 538.0
] L] Ll i 1 a
26e i 12,02 1 9.50 1 L2440 1 6,082 i 1.309 I. 1. 24(‘.I.n."..-1-u-| 1,872 il 1,956.0 581.0
i ] 1 i ¥ [ .
26t 112,03 1 9.5 & .Zad ¢ &,28D i 1.312 | l-244l “........-....l 1,588 i 1,886.0 542.0
i ] i v v L
274 § 12,00 & 9.52 & .30% @ 10,473 § 1.288 | 1. zue. .708 | 1,690 ) 1,3588.0 538,0
¥ [ ' ] W ' i
27e § 12,001 @ 9.5 1 ,Ma 5 11,284 i 1.289 | 1.28N 1,881 I 1,398.0 549.0
v ' ] [ ¥ v
27f 5 12,01 g 9.82 1 308 ¢ ¥,952 11,296 |. i zbzq.,..,.......... . 1,628 ' 1,394.0 484.0
[} L) L [ [ L}
29d g 12,02 3 9.51 1 L247 ¥ 3,3 § 1,208 1 1. 2!-24 sianpnsnanasl 1,127 ] 1,473.0 536.0
L] L] L] L) L] L] 1) L] L] i L
29e 5§ 12,01 4 9.8 1 236 & 4,880 Nusewseesscb 3,028 5 12303 & 1. 2494, sessssnnnnnll 1,348 " 1,579.0 i 484.0
] 1 1 W a i W i ¥ " ] 1
297 512,02 1 9.50 1 W23 1 4,842 @ 31N B 2,841 B 1318 5 l.2AM =882 ] 1,183 W 1,563.0 i 440,
[} 1 i ¥ Ll L] (] ] ] L ) ]
324 512,00 ¥ 9.50 & L2418 5,917 deseececresh 3418 0 1297 b 1. ZBlbeereannansennl 1,493 i 1,686.0 ] 580,
] a E: (] ] ] ¥ i i ] n
32e 12,03 ¢ 9,51 1 .74 8§ 6,107 b 4,000 B 3,202 B 1.204 3 1.283: 1,397 : 1,64).0 i 528.0
i 1 ] ] 1 ' ] 1 ] 1
320 5§ 12,01 4 De28 & L2M 0 4,787  dessaweressh B840 0 1,336 0 123N 1,290 ' 1,726.0 ' 562.0
i ¥ v " . W i i v ¥ '
354 1 12,02 i 9.8 4 .24% 1 5,23 3 3800 1 2,720 4 3.331 & 12301 1,184 i 1,818.0 L 438.0
1 L] r L} ] i L] 1 L) i
356 1 12,01 § 9.00 B .M 1 4904 3 3,400 0@ 2,931 0 1.340 | 1. mn 1,20 ' 1,874.0 5 404.0
1 L] ] L] L] 1] " L} "
38¢ 112,00 1 9.92 & P41 @ B,180 3,700 3,228 11,328 | 1- 2‘0- 1,407 L] 1,791.0 L] 440.0

%r is the ratio of the length of the plate (b) to the half wave length (b') of an infinitely long plate of the same construation and width.

»
o

1s thc ratio of the value of the factor {k,) of formula (21) for a plate of length (b) to the value of this factor for an infinitely long plate (k,.)
the same construction and width.

-"'I

™
x
M is the ratio of the un value of the fmalar (ko) of formula (8) for a plate of length (b) to the value of this factor for an infinitely long
plate (k ) of the same construction and wid®h.
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~dia

LA

:

LFE

Ayge

D AND E
F AND 6

0 AND P

Agoe
Agge

D AND E
F AND 6
M AND N

0 AND P

‘Is.
A7ge

D AND E
F AND @
M AND N

0 AND P

LEGEND:

PLATE FOR BUCKLING TEST,” FACE GRAIN AT
45° TO THE LOADED EDGES AND TO THE DI-
RECTION OF THE LOAD.

COUPONS FOR STATIC BENDING TEST, FACE
GRAIN PARALLEL TO SPAN.

COUPONS FOR STATIC BENDING TEST, FACE
GRAIN PERPEND ICULAR TO SPAN.

COUPONS FOR PACK COMPRESSION TEST, FACE
GRAIN AT 45° TO LOAD.

PLATE FOR BUCKLING TEST, FACE GRAIN AT
30° 70 THE LOADED EDGES, OR 60° TO THE
DIRECTION OF LOAD.

PLATE FOR BUCKLING TEST, FACE GRAIN AT
60° TO THE LOADED EDGES, OR 30° TO THE
DIRECTION OF THE LOAD.

COUPONS FOR STATIC BENDING TEST, FACE
GRAIN PARALLEL TO SPAN.

COUPONS FOR STATIC BENDING TEST, FACE
GRAIN PERPEND ICULAR TO SPAN.

COUPONS FOR PACX COMPRESSION TEST, FACE
GRAIN AT 60° To LOAD.

COUPONS FOR PACK COMPRESSION TEST, FACE
GRAIN AT 30° TO LOAD.

PLATE FOR BUCKLING TEST, FACE GRAIN AT
I18° T0 THE LOADED EDGES, OR 75° TO THE
DIRECTION OF LOAD.

PLATE FOR BUCKLING TEST, FACE GRAIN AT
78° T0 THE LOADED EDGES, OR I5° TO THE
DIRECTION OF LOAD.

COUPONS FOR STATIC BENDING TESY, FACE
QRAIN PARALLEL TO SPAN.

COUPONS FOR STATIC BENDING TEST, FACE
GRAIN PERPENDICULAR TO SPAN,

COUPONS FOR PACK COMPRESSION TEST, FACE
GRAIN AT 76° TO LOAD.

COUPONS FOR PACK COMPRESSION TEST, FACE
BRAIN AT 15°'TO LOAD.

Figure 91.--Layout of plate specimens and coupons on panels.
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COMPUTED CRIT/ICAL LOA D/ COMPUTED PROPORT/IONAL LIMIT LOAD

Figure 83.--Observed critical load plotted against the computed critical load, both expressed as ratios to
computed proportional limit load. kc/kccn ‘assumed equal to ks/ksw in computing critical
load. Compression at 15° to face grain.
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COMPUTED CRIT/CAL LOAD/ COMPUTED PROPORTIONAL LIMIT LOAD

Figure 94.--Observed critical load plotted against the computed critical load, both expressed as ratios to computed proportional
1imit load. kc/l:”° assumed equal to lrl'/kBm in computing critical load. Compression at 30° to face grain.
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OBSERVED CRITICAL LOAL/
COMPUTED PROPORTIONAL LIM/T ILOAD
[-]

&
3

B,

¢ 22 04 o6 (] 0 le L4 L6 /8 20
COMPUTED CRITICAL LOAD/ COMPUTED PROPORTIONAL LIMIT LOAD

Figure 95.--Observed oritical load plotted against the computed critical load, both expreseed as ratios to computed proportional
Itmit load. kchcm assumed equal to lr./k.m in computing critical load. Compression at 458° to face grain.
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e

OBSERVED CRITICAL LOAD/S
COMPUTED PROPORTIONAL LIMIT LOAD
< J
P

a2

n
0 a2 o+ o a8 10 12 /4 /6 /4
COMPUTED CRITICAL LOAD/ COMPUTED PROPORTIONAL LIMIT LOAD

Figure 98.—(bserved critical load plotted ageinst the computed critical load, both expréadsl as ratios to computed

Proportional liait load. k,/k,. assuned equal to k,/k;, In computing critical load. Compression at
Z M 48928 F 60° to face grain. “ ®
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OBSERVED CRITICAL LOAD/
COMPUTED FPROPORTIONAL LIMIT LOAD
[

0 224 o4 a6 a8 10 r2 /4 /6 8
COMPUTED CRITICAL LOAD/COMPUTED PROPORTIONAL LIMIT LOAD

Figure 97.-—(Observed critical load plotted against the computed eritical lead, both expwaussd as ratios to computed proportional
linit load. ko/kgg, assumed equal to k,/k, . 1in computing critical load. Compression at 75° to face grain.
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\.\ ° OBSERVED VALUES OF #c/y
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\ Ay, CURVE FROM FIG /2 (MIMED 13/6)
\ . Mseo
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o0&
2.6 08 L0 £e ;4 iLé 8 20

z M 48929 F Figure 98.--Observed values of ko/ke 5 Fecommended curve for ko/k, o, and curve for k,/kq
for compremmlm at 15°té face grain. .




29
T
\ | | l I
LEGEND: .
\ © OBSERVED VALUES OF hefl
i \ ——RECOMMENDED GURVE o e hcon
\ - M F/ M.
\ \ -A',//rs CURVE FROM FIG.12 (MIMEO /3/5)
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06 08 1.0 /12 /4 1.6 1.8 20
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Figure 99.--Observed values of kc/"en » recommended curve fur kc/k”,, and curve for k./l:'w for
compression at 30° to face grain.
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Figure 100.--Observed values of keﬂ‘owr recommended curve for X,/k,, and ourve for I:./k.m tor
compression at 46° to face grain.
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Figure 101.--Observed values of k./k., recommended curve for ko/¥; ., and curve for kg/k, . for

compression at 60° to face grain.
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Figure 102.--Observed values of k,/%,,, recommended curve for ko/Ke s and curve for k /k, . for
compression at 75° to face grain. : v
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Figure 103.--Values cf kc/kc o corrected to agree with observed data for compression at various angles
to face grain.
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Figure IM.-—kc/kcm determined by correcting k./k‘m in computing critical load for compresslon

at 15° to face grain.
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Figure 105""‘::/“:”0 determined by correcting k"/lr'sm in computing critical load for compression at 30° to face grain.
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