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GENERAL PROPERTIES

The strength properties of various woods used in aireraft construction
are given in Table 2-1., Table 2-2 lists the properties of various
plywoods. It should be noted that the woods listed in the tables have
various applications in aircraft structures, some wonds being unsatis-
factory for certain purposes. The restrictions ss to the use of
particuler species will be found in the airworthiness requirements of
the procuring or licensing agencies., (NOTE: These tables ars repro-
duced from data compiled by the Forest Products Laboratory.)

COLUMNS

Primary Failure. The alloweble stresses for solid spruce columns arae
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given by the following formulas:

Lonz Columns,

F, = 15,000,000 paf. = o = = = 4 - o oo e e {2:1)
—=22oDe 0
(L'/p)
(L'/p)gr= 72
Short,
F, = 5000 - .50 (L‘/p)z PSis m =~ = m e —— L -(2:2)

The above formulas are reproduced grephically on Fig. 2-1,

Local Failures The formulas given above apply only %o columns which are
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not subject to local buckling, such as solig sections with no fres edges.
For unconventional shapes it is necessary to conduet tests to determine
suitable column curves.

P

Lateral Buckling. When sudjected to axial compressive loads, beams will
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act as columns tending to fail through lateral buckling. The usual

column formulas will apply (See Sec. 2.10), except that when two beams

are interconnected by ribs so that they will deflect together (laterally)
the total end load carried by both beams will be the sum of the critical
end loads for the individual beams. The column lengths will usually be
the length of & drag bay, in a conventional wirg. A restraint coefficgient
of 1.0 will be applicable unless the construction is such that additional
restraint is afforded by %he leading edge or similar parts. Certain rules
for such cases will be found in the Airworthiness Requirements or speci-
ficiations for airplanes,

BEAMS

Pure Bending. The modulus of rupture for solid beams of rectangular eross-

section is given in Table 2-1. When the cross-seetion is not rectangular
or is composed of flanpgesand relatively thin webs, the modulus of rupture
differs from that of a rectangular section. The elastic 1limit in bending
is similarly affected.
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The modulus of rupture ang elastic limit in bending of conventional
spruce beams is shown in the right half of Fig. 2-2, For other woods
the values obtained from this figure should be adjusted in proportion

Since it is difficult o compute the strength of a beam under such condi-
tlons, it is always advisable to conduct a static test of a typiecal
specimen, This wil] apply only o cases in which the proportions of the
bean are considerably different from thoss commonly used. )

Allowable Stresses for Plywood Webs. The allowable shearing stress for

2-ply spruce or mehogany plywood having the grain of both Plies at 45
degrees to the main Spar axis may be obteined from the Tormula:

=45.5h - - - - - L oL L. (2:3)
) Tec

where C = the interna] stiffener or diaphragm spacing in inches,

.the effective depth or distance betwsen the centroids

of the flanges in inches.

The allowable shear siresses for plywood webs so constructed that the
plies ars alternately parallel and orpendicular to the longitudinal axis
of the beam should not oxceed 87 1/2 percent of those recommended for 45

Shear Moduli For Plywood Webs. The shearing modulus or mean modulus of

rigidity of spruce wocd is equal te the modulus of elasticity in bending
divided by 15.5 and the shearing modulus of 45~degree spruce plywood is 5
times the shearing modulus of Spruce wood. Therefore, the shearing modulus
of 45-degreo spruce plywood is equal to the medulus of elasticity in bending
divided by 3.1. These ratios have not been determined f'or other species but
scatltered tests indicate tha® the ratio of modulus of elasticity to modulus
of rigidity ranges betwsen 14 and 18. It is recommended that e ratio
slightly higher than 15.5 be used for species other than spruce until further

Plywood Covered Wings. In cases whers g plywood wing covering is used in

conjunction with wood beams the covering will tend to act as the flangas of
a beam. On account-of the relatively greater stiffness of the plywood shell
the plywood will tend to resist a large part of the bending moment until it
reaches a critical buckling condition, after which the beams will be required
to resist most of tha bending moment. Unless the Plywood shell is designed
$0 as to prevent buckling before the design ultimate load has been reached,
it cannot safely be considered as an offective part of the beams, except

for the portioens immediately adjacent to the beams, All strength calcula-
tions of such wings should be based on reliable static test data, unless
obviously safe assumpbions as to the effectivenes, of the Plywood are mads.

TORSION

2.21
£.22  Box Boams (Plywood Webs)
2&220_
F, = 960 + 5140
h =

degree plywood.
2.221

data are availsble.
2423
2.3
2,30

General. Om asccount of the very limited use of wood members for carrying

torsional loads, no general data on this subject will be Presonted. For

2-2
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solid members of conventional cross-section the allowsble shearing stress
parallel to the grair can safely be used as the meximum stress computed by
the standard formulas. For unconventional cross-sections, such as leading
edges or box beams, static tests are necessary in order to determine the
strength with any degree of reliability.

Torsional Properties of Spruce. The following date are found in Ref. 18.

In applying torsion formulas to wood members the folloﬁing elastic

For spruce, ¢ = _E __ = 84,000 pounds per square inch.

For spruce 45° plywood, G = 420,000 pounds per gquare inch.

For spruce, Fs = 1,000 pounds per square inch.

For spruce 45° plywood, F, = 2,370 pounds per square inch.
The ravios between E and G for species other than spruce have not besn deter-
mined. Until such data are mvailable it is recommended that a ratio of about
16 be used. Scattered tests on a few species show a range of values for this
factor between 14 and 18. The shearing stresses given in Table 2-~1 may be

used for F_ without being reduced 25 per cent ms is done in designing for
horizontal shear ir beams. The elastic limit shearing stress may be taken as

COMBINED L.OADINGS

General. On account of the variation of the strength properties of wood with

the direction of loading with rospect to the grain, no general rules for
combined loadings can be presented, other than those for combined bending and
compression given in Seg. 2.41, and those for combined bending and tension
given in Sec. 2.42. When unusual loading combinations exist, static tests
should be conducted to détermine the desired informetion. The data can be
plotted in the genmeral form outlined.in Sec. 1.424,

2.31
constants are recormendsd:
15.5
two-thirds of Fs.
2t
240
2441

Bending and Compression. The sllowsble total unit stress in spruce members

subjected to combined bending and compression can be determined by Fig. 2-2.
This chart has been based on the method developed by the Forest Products
Laboratory. (Refs. 18 and 19}, On this figure the "horizontal®™ family of
curves indicates the elastic limit under combined bending eand compression,
and the "vertical" famjly the effect of various slendernsss ratios on the
former quantity., The allowable total stress Fy, under combined load is
found as follows:

(1} For the cross seetion of the given beam find the elastic limit
in berding and the modulus of rupture from the ratios of compress-
ion flange thickness to total dopth, &nd web thickness to total
width, locating points such as A and B. :

(2) Project points A and B to the central line, obbaining such points
as C and D.

(3) Locate a point such as B indieating the elastic limit of the given
~ section under combined bending and compression. This point will be

2-3
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at the intersection of the curve of the "horizontal® family
through C and the curve of slenderness ratio corresponding
to the distance between points of inflection.

{4) Draw FD.

(5) Locate F on ED, with ar sbscissa equal to the computed ratio
of bending to total stress. The ordinate of F reprosents the
desired value of the allowable total stress.

The rollewring rules should be observed in the use of Fig. 2-2.

(1) The slenderness ratio should be that betwesn peints of "inflection.
When the ends of a member are restrained, this need not be
computed with_excessive precision, as a small error in L/p
will mot result in a large error in F. . For wing spars, the
following approximations are acceptabgg.

() In computing the margin of safety, L may be taken as the
distance between point of inflection under side load alone
uniess the designer wishes %o compute this distance by a
Precise formula. g

(b)"" In computing the margin of safety near the outer strut,
L may be taken as twice the distance from the support to
the outer point of inflection.

(c) In computing p for the purpose of applying the curves of
Fig, 2-2, filler blocks may be neglected, and in the case
of tepered spars, the average value should be used.

(2) TIu computing the modulus of rupture and the elastic limit in
bending, the properties of the section being investigated should
be used. Filler blocks mey be included in the section for this
purpose. ~When computing the form factor of box spars, the total
thiclmesses of both webs shall be used.

Bending and Tension. When tensile axial loads exist,the maximum computed

2450

stress on the tension Tlange should not exceed the modulus of rupture of g
s0lid beam in pure bending. Unless the tensile load is relatively large,
the compression flange should also be ehecked, using the modulus of
rupture corrected for form factor.

JOINTS, FITTINGS, AND PARTS

Bolted Joints.

24500

Bearing Parallel and Perpendicular to Grain. In determining the sizes of

solid steel and duralumin mircraft Bolts to be used in wood, the strength

of the wood in bearing against the bolts can be obtained from Fig. 2-3.
These curves give the allowable ultimate loads for standard aireraft bolts
bearing in spruce, and applied concentric with the center line of the
momber; thet is, with the load divided equally between the two ends of the
bolt, as is the case with flying wire loads on wing beams. The allowable
ultimato eccentric loads, that is, those applied at one end of the bolt only
{as the drag wire load on the wing beams) are determined by dividing the
loads given by these curves by 2.

2 -4
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Bearing at an Angle to the Grain, When the load on a bolt is applied at

an engle betwsen 09 and 90° to the grain the allowsble load may be
computed from the expression

N= N el _...__. A-—2:4'l
P sin® @ + Q cos? g ( )

where
N = the allowable bolt Ioad

P = the allowable bolt load parallel to the grain
¢ = the allowasble bolt lcad perpendicular to the grain
& = the angle betwsen the aprlied load and the direction of the grain,

Bearing in Woods other than Spruce. ' The alloweble ultimate loads for
bearing of bolts in any species of wood other than spruce mey be determined
by multiplying the loads from Fig. 2-3 by the ratio of the allowable stress
by elastic limit in compression for that wood to that of spruce. The
olastic limit stresses for compression parallel to the grain are given in
column 11, Table 2-1. In the cass of compression perpendicular to the
grain the proper factors can be cbtained by using the ratio of the erushing
strengths given in column 13, Table 2-1, a5 these values are proportional
to the elastic limit values. The ratios for birch and maple are as follovs:

\

Birch - Maple
Perallel %o grain 1.37 1.40
Perpendicular to grain 1.89 2.50

Combined Concentric and Eccentries Loadings. When the design loads on &

group of bolts, for one or both components, are either all concentric or
all eccentric, the allowable loads for the individual bolts may be added
directly to determine the allowable total load for the group. When the
design loads, for one of both components, are partly concentric and partly
eccentric, the follewing method may be used to determine the allowable
load for the group;: :

Let Py = Sum of coneentric design loads for the component,

Py = Sum of eccentric design loads for the component,
nPy = Sum of alloweble concentric loads for the individual belts,
from Fig, 2-3. If all bolts in the group are of the saws
size and bear on the same wood, P, may equal the allowabie
load for ome bolt, and n equal the number of bolts.
P = Allowable total load for the grouv and the component,
O
then P = n;P_ (D4#E) = o m m o e o oo Ll (2:5)
P
where K = _ -1 L. L _ L _.L___.__._ (2:8)
Py + Py

Longitudinal Bolt Spacing. The distance from the center of any bolt to the

edge of the next bolt or to the end of the member negessary to develop, in
longitudinal shear, the bearing strength of the bolt parallel to the grain
is given in Fig,., 2-4. For other woods these distances may be multiplied.

2 -5
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by the factor:
f

co

T T T T e ommmm o m - oo 2:
5.33 £ (2:7)

)

where f,, =z allowable stress at elastic limit in compression paraliel.to
the grain.

b

s = 8llowable shearing stress parmllel to the grain of the material.
For birch and maple K equals 0.79 and 0.70 respectively.

The end distance for a joint under compressive load should be approximately
four times the bolt diameter, for all woods, unless special means are
provided to prevent end splitting.

Trensverse Bolt Spacing. The distance scross the grein between rows of
bolts acting parallel with the grain is controlled by the reduction in ares
at the critical section. The net “ension area remaining at the critical
section, when coniferous woods are used, should be at least BO per cent

of the total ares in bearing under all the bolts. When hardwoods sre used,
the net tension area at the critical section should at least equal the
bearing area urder all the bolts. :

The distance from the edge of a timber to the center of a bolt acting parallel
with the grain should be at least ome end one-half times the bolt dismeter

for L/D ratios of abowt 5 or 6. For ratios greater than 6 this edge margin
should be inereased slightly, and for ratios less than 5 it may be reduced
slightly. TIn most instances the asres requirements at the critical section
will be such that an edge mergin equal to half the distance between raws

will be more than sufficient to meet the preceding requirements.

For loads acting perpendicular %o the grain, the mergin between the edge
Toward which the bolt pressure is acting end the center of the bolt or bolts
nearest this edge should be at least four times ths bolt diameter. The
margin at the opposite edge is relatively unimportant.

Effects of Hardwood laminations. When hardwood laminations are glued %o one
or both faces of softwood members the allowable eoncentric bearing load on %the
bolt may be determined by adding the separate allowable loads for each of the
materials based on the actusl separate widths bearing on the bolt. The
ellowable eccentric bearing leoad may be determined by the same rule, except
when a single lamination is used on the side opposite to that on which the
load is applied, in which case the allowable load for solid softwocd based

on the total width may be used. Care must be taken, in such cases, that.the
glued area between the block and the member is sufficient to develop the load

‘absorbed by the block from the bolt.

2.507 Bushings. Bushings of light elloys or fiber materials may be used to increase

2.508

the bearing strength of bolts, if desired. However, since the possible
combinations of materials for bolts and bushings are so numerous, a specific
set of allowable loads cannot be given here. The allowsble load for each
combination should be determined by e special test or by a conservetive
method of interpalation with due consideration of the materimis used.

Hollow Bolbts. The use of hollow bolés with comparatively thin walls for

bearing in wood is not recormended, ms tests at the Forest Products
Laboratory show that such bolts are little if' any more efficient on a weight
) 2 -8
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basis than solid bolts. When used, the allowsble stress parallel to the
grain may be obtained from Ref. 18. In general, tests should be made to

determine the allowable loads at other angles to the grain.

Glued Joints.

2,511

2,612

Goeneral. The strength of a glued joint deponds entirely upon the manner in
which it is made and the care exercised in making the joint. In any case,
the ailowsble shear stress for a glued joint obviously cannot be assumed to
be greater than the minimum allowable longitudinal shearing stress of the
materials joined. In the case of joints between the webs end flanges of box
spars, special recommendations are given in Sec. 2.511, TIn other cases in
which side~-grain gluing between pisces of the same material is employed, the
strength of the joint can be considered equal to the strength of the woods,
provided the proper fabrication processes are used and that the joint is

not subject to stress concentrations due to large or abrupt changes in oross
ssction.

Scarf Joints. End-grain surfaces cannot be satisfactorily glued by means of
butt joints. Side-grain gluing can be approximated in such cases by means of
scarf joints. The following slopes are considered necessary to produce
joints as strong in tension along the grain ms solid wood:

Softwoods 1l in 10
Hardwoods 1 in 15

Proper methods of control of pgluing operations are given in Ref. 18,
Page 111.

Glue Ares between Wob and Flanges. The stress on the glue area betwoen web
and flange may be determined by dividing the meximum shear in 1 inech in ply-

wocd by the area of contact per inch. For example, the shear stress on the
area of contact is

i .
. A T T TR R I SN (2:8)
B g
where £ = the maximum shear stress in the plywood.
t = thickness of ona web.,
d = depth of the flange.
fg = shear stress on ths area of contact.

The mllowable stress in the glued joint should be based on 1/3 the allomble
shearing stress parallel to the grain of the wood being glued.« The latter
value may be obtained from Table 2-1, Column 14. In the case of spruce, for
example , the alloweble stress in the glued joint between the web and flange
is one-%third of 750 psi. or 260 psi.




TasLe2-1- Strenglh values of various woods for use in airplane design

[Based on 15 per cent molsture content]

f
Sbrinkags [rom . Hardnems,
Weighe| g o pran Stati bonding it | L
Specific gravity atis 4 L&.’."n Bhearing | quired tn
based oo volume | PO% Prosuon | strangth | embed
Common and botanical names and welght when | oI . ool prraliel | 0.4dd-inch
mois- Fiber Modulus| Modulus, Work to|  Fiber Musi- jdicular toy gralnd | ball ta
oven-cry ture | po | Tane | stressat | MOCH of maxi- | stressat | mum | gmin¢ anehall
ontent gential | elastic rupture !elastici mum alastic | crushing its dia-
Hmig 1 VP load | limit17 | strength ad
! 2 3 5 (] B 9 10 118 [} ] 4 it 4
8 arxqxs) Mini Lba. Lbs. per | Lbt. per | 1,000 bs.| In.ibs. | Lbs. Lbs. per | Lbs. Lba. per
BARDWOODS (BROAD-LEAVED Abverage | permitted | cu. ﬁ“ Per cent{ Per centy 4q. in, .. per aq. in[pa cu. in| ag.in . in, . in . in. Lbs, .
Asb, black (Fraxinus nigra).._._._.._| 0.53 0.48 38 5.0 :.g g'g U.g ;.m “J; 1% 5.% 1,20 1,050 L Zg
i) Fraxinus sp. .62 .50 41 4.3 4, » 4. 7, 2,250 380 N
] nite (rarinut iD.) 30 sl 2| 6| 93| sew| Zeo] 1250 s 330! L0 20| 7o 370
ifoli .68 .80 H 4.3 0.6 8, 200 14, 200 1, 40 13.5 4,350 8, 500 1,670 1,300 1, 060
.68 .58 H 7.0 83 9, 500 15, 500 1,780 18,2 5,480 7.300 , 360 1,300 1,1
.83 .48 36 3.7 7.1 8, 500 12,500 1,330 1L? 3,100 6, 800 1,170 1,180 200
.43 .39 bl 3.9 9.2 5,600 8, 800 1,180 7.4 3,520 4,700 820 660 410
.68 .00 45 4.8 &1 7,600 15,000 1,340 19,3 5,180 6,900 2,000 1,360 1,20
.83 .43 34 5.2 .9 7, 500 11, 800 1,290 10.9 4,050 5, 400 1,190 1,100 650
.7 -7l 51 10, 600 , 300 1,860 2.5 8,520 8, 700 3,10 Lao
.47 .42 32 4.8 i‘? ;g l&g% }.280 8.0 :.g &E 1,400 g %
Mahogany, true {Stwiclenia sp., 51 .46 34 34 3 i, , 200 7.3 3 s, 1, 760 B
Mzeple, suyg'm' (Ac(cr luuharwz) 67 N “ 4.8 9.2 ¥, 500 15, 000 1,000 7 3,620 7,500 2,170 1,520 1,770
. hits and red
O?E'uncgﬂx?s.r)dd b 2 N .62 45 a6f 0.0 7.800 | 13,800 1,490 B.6] 4050 8,600 1,870 1,300 1,240
oplar, yellow A3 .38 28 4.0 7.1 &, 000 9, 100 1,300 a5 3,750 5,000 8i0 800 420
Walnut, black (Juglans nigra)., .58 .52 3% 5.2 7.1 10, 200 15,100 1,460 14 5,700 7, 800 1,730 1; 000 00
SOFTWOODS (CONIFXRS)
Cedsr, Incense (Libocedrus decurrens). . .3 .32 25| 33| &7| 6000( &700| 1,00 56| 4320|540 0 6:0 150
Caedar, Orford (Qhanzcyparis
nors Orto ¢ N3 .40 30 4.8 a9 7,400 11, 000 1,520 87 4,880 8, 100 1,@0 ot 520
Cedar,w'esterured(ﬂu}agicﬂla)".. “H -3t 2 23 51 5,100 7,800 1,030 5.8 4, 000 5,000 &00 630 30
Cedar, whits, northern (Thuje occi-
dentalis) .32 - 2 21 4.9 4,700 8, 600 700 49 3,040 3,300 580 610 00
ss, southern Tatodium :
ngdr:}n:m b ¢ .48 -4 332 30 [ 3} 100 10, 500 L7 .7 4,960 6, 200 1,230 20 480
.51 .45 H 5.0 7.8 5, 000 11, 300 1, 700 a1 5, 600 7,000 1,300 810 820
.51 48 34 4.6 1.2 8,500 11,900 1,560 39 5,280 8, 600 1,080 870 520
.38 - 28 29 5.8 5, 600 8, 000 1,040 5.4 3, 880 4, 600 310 730 kad
.42 .38 n 4.1 7.4 8, 000 9, 300 1,310 7.9 4, 240 5, 300 750 640 360
.38 W3 2 22 a0 5.900 8, 700 1, 140 6.3 3,840 4,800 780 640 380
.40 .36 27 4.1 7.4 8, 200 9, 400 1,300 7.8 4,000 3,000 840 750 He

! The averags values for fiber stress

bave been multiplied by 2 factors to obtain values for uss in design A statement of
It was thought best in Aring upon stregth values for o in design,

at elastic limit and modulus of rupture in statle bending,

al to give some influence to
most probable valus (as represented by t

fiber stress at slastic I{mit, and maximum
hese factors and of the reasons for their use follows:
the variability of wood and to the fact that a greater nimber of values ars below

crushing strength In compression parallel

be mode of the frequency curve) was accordingly decided npon as the basis for design f es. From
8 study of the ratios of most probable to aversgs valuas for 3 apecies (Sitka spruce, Douglas fir, mé th ) 5. e Sneral s

to the properties in question,

The stress that wooden members can carry de,
of 3 seconds, it being assumed that The maximum
1The values given are the most
inch beams on a 23-inch span with load at the e:zx;:er in

Jength with but 3mall error. For

tions (see Nati Advisory C

an

for a longer period.

probable values (82 per cent of the avernge) of the

whita ash), 0.94 was adoptad as ths best value of this ratio for general application
applied to test results to get values of the stress that can be sustained for s pariod

of icity (E.) as
@ formula E.~PI/4841. The use of thesa values of E, in the usual formulas
in {on of defl d box

i for A RODO“
E7, the true modulus of elasticity in bending, and F, the modulus of rigidity in sl
If the I or box beam has the

table.

a3 E1/16 or EJ/14.5.
3 Design values for At

column by
W

1f the web is of plywood with the graio at 45°
er stress at elastic limit in compression
factors as follows: 0.75 for hardwoods,
does not exhibit & definite ultima; nlar to
fittings, Bayond the elastic Ulmit the load contineés to increasa slowly uatil the deformati
Figures in this column were obtained by applying a duration of stress factor of 1,17 {see note 1) to the averags elastic limit stress and then adding 3344 pe:
comparable to those for bending, compression parallel to grain, and shesr as listed [n the table,

i Values in this column are for use in computing resistance of beams to longitadinal shear. They are obtained by mult: v
of the vuisbﬂi%iu strength and in order that mf ¥ rom ¢ iy )3 hibndy
infh n the distribution of ItD

to 8

d by resul
will give the deflection ol

, perticularly for short spans, the form
pecial Ref Dete {

ts from tests of 2 by 2
f bearns of ordi:
uia that takes into account shear deforma-

of I an
No, 180, Deflection of Beams with S;
grain of the web parallel to the axis of the beam, or
to the ans of the beam, F ma. taken as Ev/5 ar EJ4.5,
el to grain were obtain
alues as given ara to neares
in compression perpendic grain,
on and crus

0.80 for conifers,
o stre

ure by shear may be less probable than fallure from other causes.

upo; stresses I from

1 and box beams are 50 proportioned that tha ultimats shearing 3tre:
! Includes whits ash (F. amerieana), grean ash (F. lanceolata),
! Includes sweet birch (B. lenta) and yellow birch (B. lulea),

ting shearing deformations the maximum
ngth is not daveloped and failurs by shear does not occur.
snd blua ash { X, quadrangulata),

! Inciudes big-leaf shagbark hickory (#. laciniora) mockernut hickory (K. alba’ L bignut hickory (. glabra), and shagbark hick: H. .
! Includes matarisl from Captral America and Cubs. 7 ( ), pig: ry (H. glabra), and shag! ckory (H. ovala)

™ Includes whita cak (Q. alba), bur oak (Q. macrocarpa), swamp chestaut cak (Q. prinus),
(Q. laurifolia), water oak (Q. nigra), swamp red oak (Q. pagocdafolia), willow cek
i Includes red spruce (2. rubra),

t
{Q. pacllos), yem oak (Q. velutina).
white spruce (P. glauea), and Sitka spruce (P, sitchensis),

TaBLE 2-2 -Strength of 3-ply panels made of various species of wooa

{All plies in any ane panel ars of tho vame thickness nna‘.ol the same species; grain of successive plies at right angles; all miuuhl rotary cut; starch glue used throughout, Fight

thicknesses of piywood, ranging trom 5o inch to 34 inch, were tested

hear
. Values of Er may be obtalned by adding 10
parallel and perpendicular thereto, asin soma plywood webs, the value of F may be taken

should be used. This formula involves
r cent o the values of E, as given in the

y be 4.5,
ed by multiplying the values of maximum crushing strength os given in the pest
t 10 pounds.

particutarly when the load is applied over only a 2f the surface, as it is at
me 30 severs as to seriously

wood in other properties.
r cent to get design values

erage values by 0.75. ‘This [actor is used
. re, tests
strength-weight ratio and mintmom variability in strength are attained when

becanse
have shown that because of the favorable

oak (Q. riellata), red oak {Q. dorealis), southern red onk (Q. rubra), laurel ouk

:;:g}f: Column-bending modulus g Tensile strength Splm’l‘:&rﬁx. Modulus of elasticity
gravity ol .
tywood | OIS
Species of wood ovondre ! content Parllel « Perpendicular Parallel 1 Perpendicular ¢ Parallel ‘Sfrp‘“'
werght | 12 per Nom | Pe |00 | (e
aod cent Num-|{ Pounds { Num.| Pounds | Num- Pounds | Num. | Pounds zg’ g:éh 3| per square pounds
volume ber of | per square | ber of | per squars | ber of | per square | ber of | per square ineh) ! per square
at test tes inch tests inch “tests * fach tests inch inch)
Ash, black..._...__.... 0.49 g1 120 7,760 120 1,779 120 8,180 120 3, %40 240 n 1,033 w8
Ash, commercial white. .80 10.2 200 9,930 20 2,620 200 8, 510 200 4,350 400 ] 1,420 143
.42 9.2 200 7,120 200 1,670 200 68, 880 200 4,300 400 a L213 85
.67 8 1220 15, 390 120 2,950 120 13, 000 % 7,20 240 * 2 149 187
.67 85 195 16,000 200 3, 200 200 13, 200 7,700 400 100 %250 197
.41 133 s 8, 460 115 1,480 115 5,200 ns 3 U0 0 %0 1,032 B4
.58 %1 115 12,260 115 2,620 13 8,480 115 5, 9% 20 a0 1,627 182
A3 .7 40 5,160 40 L110 40 4,43 40 2, K00 30 kel T44 7%
.48 8.8 120 8,460 1 1,870 126 7,280 120 4, H0 240 a3 1,437 109
A7 10.3 35 7,830 33 1,820 35 6, 500 35 4, 390 70 ] 1,144 91
.40 8.7 150 9, 460 174 1,950 174 8, 230 74 4, 000 U3 B 1, 566 12
.52 29 160 8, 630 180 1,970 100 5 860 0 3,990 320 75 1,24 100
.82 9.4 a5 12,710 25 2, 500 [ 8, 440 (] 5, 500 130 ” 1,982 138
] 10.8 40 A, 000 40 1,920 35 8,060 35 4,320 70 35 1,213 n3
-] 7 182 9,970 182 2,070 182 7,850 182 4,930 384 80 1,502 120
<50 10.3 80 7,760 80 1, 580 80 8, 260 80 1760 160 80 1,300 1t
.54 10.2 80 8,100 3 1,880 80 8,920 20 4,020 180 8 1154 el
.47 9.7 e 9,250 ne 1,060 e 6, 200 119 4,580 =8 &3 1,581 112
.50 9.9 40 9,830 40 2,340 40 10, 000 40 5, 740 s 98 L7 13
.32 12,7 2 8,070 20 2, 000 2 5,370 20 3,770 1,261 4
.53 0.7 25 10,160 = 2,310 5 16, 670 25 5,990 50 90 1,82 10
.48 114 35 300 33 1,40 35 6,300 35 3, 780 1,252 n7
.57 89 120 11, 50 120 2,420 120 8, 180 120 3§, 380 40 108 1,352 15
.88 8.0 a2 600 02 3,340 192 10,190 202 4, 530 401 114 2,112 1%
<50 9.3 115 8, 500 115 2,070 115 5,480 115 1,610 230 0 1,280 10
N 9.5 195 10, 40 1w 2,310 195 6. 730 195 4,20 300 85 1,43 13
.43 10.2 7,920 40 1,770 40 5,640 40 3,870 80 52 1,274 0
W50 2.4 185 8,860 168 1,920 185 7, %0 185 4,720 330 51 1,544 115
.41 2 a5 7,900 5 1, 500 85 & 100 85 3. 000 130 48 21 1R
.43 8.4 13 7,040 163 1,580 103 5, 600 103 3,250 208 2 1,306 108
.58 9.2 163 11, 040 183 2 U0 183 36| 1. 5 20 3 n 1,628 1%
.50 91 e 12, 680 110 2770 pel] R, 250 110 5,200 0 n 1,7 41
i Parallel and per | refer to the divection of the grain of the faces relative to the direction of the epplication of the force.

#'The ralative splitting resistance of the various

3 Probebly black cherry.

holding atrength of the gl

panels tested depends largely on the ue.
¥ Probably khaya sp. ¢ Probably tanguile.

{ Probably evergreen magnolis.

8 May bs used as moduius of rupbure in pure bending

? Probably silver maple.
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J
MINIMUM ALLOWABLE DISTANCES BETWEEN
STANMDARD STEEL AND ALUMINUM ALLOY
AIRCRAFT BOLTS IN SPRUCE, PARALLEL
TO GRAIN AND MARGINSG AT ERNDS OF
SPRUCE TENSION MEMBERS. FOR BIRCH
AND MAPFPLE MULTIPLY THESE DISTANCES
BY OT2 AND O7C RERESPECTIVELY,
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Fig. 2-4. ALLowaAamLE DISTANCES DPDETWEEMN
BOLTS IN SPRUCE AND ALLOWABLE END MARGINS

2-12

bt el




