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AIRCRAFT WOODS :	 THEIR	 PROPERTIES-,

AND CHARACTERISTICS*

By

'L . J . MAR!WA.RDT,,Senior Engineer ,
Forest Products Laboratory, Forest Service,

U: S . Department of Agricultur e

SUMMARY

Wood has been one of the pioneer materials in aircraft construction .
Its salieftt c alities -,. a high ratio of strength to weight ; lightness, af-
fording readily the size of member required to resist twisting and lateral
bucklli ; ta:s of manufacture ; fhdility of reitair without specialized equip-
ment add tiitbett highly sad:1

	

leer ; and ad' abd.lirt-r o small-scale pro-
ductiOn

	

have always permttAl it to serve ms i`urllyi • A though a lack of
uniformity in the quality of 'iaeod i s petha#6 the moTA.' Ortant factor now
militating against its 'conti:i i d use in present-day qu ity production, tI104 '
eXisting detailed knewlec a of the prope•:rtie's and the eakeee ef variation in
them, determined at the Fertet Products Lailatatory and :s4 Wald to the
National Advisory Commtittee for Aeronautics for pub> ; et0a, makes it possible
to Select aircraft material with asbl'a d% and place§ *%IP*A on a reliable
basis .

Strength values et Various woods fu 'aircraft design f•or a 15
percent moisture condi"tiatn of # .t-e iAl a a. a . 5 p ond duration of. atrast
are. presented, and also a discussion of the various factors affecting th e
values . The toughness-test method of selecting wood is discussed, and a
table of acceptance values for several species is given.

r
This report presents, further, information on the properties o f

various other native species of wood compared with spruce, and discusse s
the characteristics of a considerable number of them from the stand.oint of
their possible application in aircraft manufacture to sup}ilement :Nib *beds
that are now most commonly used,

*Reprinted from Report No . 354 of the National Advisory Committee fo r
Aeronautics .
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INTRODUCTION

Engineering structures are commonly designed with the use o f
safe working stresses . The method is simple, makes for safety, and give s
satisfactory results when the members are subject to simple tension ,
compression, or bending. With aircraft, on the other hand, the element s
of torsion, compression, and bending are often combined in the same member .
This makes it desirable to design on ultimate stresses since in combine d
loading the stress is not proportional to the load .

Briefly, the usual procedure in aircraft design is first t o
determine the load for horizontal flight conditions, and then to estimat e
the maximum probable load in terms of the load for horizontal fligh t
conditions . A factor of safety (usually 2 in the United States) is the n
applied to the maximum probable load, thus arriving at the design load .
For example, if five times the load for horizontal flight conditions wer e
decided on as the maximum probable load, and if the factor of safety is 2 ,
the load factor would be 10. The designer keens the stresses for th e
maximum probable load within the elastic limit of the material . Hence, the
factor of safety provides some reserve strength to take care of occasiona l
overstressing, slight fluctuations ire the quality of the material and
workmanship, and error in the estimate of loads .

STRenGTH VALUES FOR AIRCRAFT DESIGN

Table I presents strength data on various woods for use i n
aircraft design . The values are based on a moisture content of 15 percent
and a duration of stress of 3 seconds . The minimum acceptable and the
average specific gravities are included, as well as the weight per cubi c
foot of material at 15 percent moisture content . These design values hav e
been adopted ty the United States Army Air Service, the Bureau of Aeronautic s
of the United States Navy Department, and the United States Department o f
Commerce . The stress values listed apply only to material that meets the
minimum requirements for specific gravity and the limitation of defects ;
these requirements will be set forth later .

The design values of Table I, for native species, are a result of -
a comprehensive series of standard tests made at the Forest Product s
Laboratory; so far 164 native species have been included . The identificati:
of species ; the method of sampling, and the testing methods followed ver y
closely the standard procedure of the American Standards Association and the
American Society for Testing Materials . (References 1 and s . )
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TABLE L-Strength values of various woods, based on 16 per cent moisture content, for use in aircraft design

Species of wood; common and botanical
names

Specific gravity
based on vol-

ume and weigh t
when oven dry

Weight15
11°rcent

mold -
tuft

content

Shrinkage from
green to oven-
dry conditio n

based on dlmen-
aims whe n

man

Static bending Compre[slon
parallel to grain

Corns
passim)
perpeo -
dlculer

to
grain'

Sheer-
ins

strength

e1 totrain'

Hardness
aide; load

aired
to robed
0.444-inc h
hall to
one hal t
its die-
meter

Fiber
stress

at elm-
tic

limit i

Ins
of

I nModu-s of
rup-

taro i

Modulus
of elastic-maximum

Wor to
Fibe r
stress

at elm-
do

limlti- i

Maxi-
mum

crush -
ing
(im th

Aver -
age

Mini -
mum

tmf ted Radial soutlm
it

	

ry load

HARDWOODS (BROAD-LEAVED 8PECIEa)

Ssh, black (Fraxinus nip's}	 0.53 0.48

Lbs.
per s.

ft.
35

Par real
5.0

Per rear
7.8

Lbs.
per sq.

in.
6, 400

Lbs .
per sq .

in .
11, 900

1,000
lbs. per
eq, in.

1, 340
Inrh-ibs .

per Cu . in.
14.3

Lbs .
per sq.

in .
4, 050

Lbs.
Per sq ,

in.
5, 400

Lbs.
per sq.

in.
1, 260

Lbs.
pJF sq.

in.
1, 050

Lbs .
.760

dish, commercial white (Fralinus

	

__ _ . 6F 56 41 4 .3 6.9 8, 900 14, 800 1, 460 14.2 5, 250 7, 000 2, 250 1, 380 1, 18C
Basswood (Tills glebes) 	 .40 .36 26 6.6 9.3 5,600 8,600 1,250 6 .6 3,370 4,500 620 720 37 C
Beech (ragasgrand,fo)ia) 	 .66 .60 44 4 .8 10.6 8,200 14,200 1,440 13 .5 4,880 6,500 1,670 1,300 1, 06C
Birch (Hetula sppp .) i .118 .58 44 7 .0 8.5 9, 500 15, 500 1,780 18 .2 5, 480 7, 300 1, 590 1, 300 1,10 0
Merry, black (Prunus serotlne) 	 _ . 53 .48 36 3.7 7.1 8, 500 12, 500 1, 330 11 .7 5,100 6, 800 1,170 1,180 900
7,ottonwood (Populusdaltaides) 	 .43 .39 29 3 .9 9.2 5,600 8,600 1,190 7 .4 3,520 4,700 650 660 41C
Elm, rock (I73mur raoamosa) 	 _66 .60 45 4 .8 8.1 7,900 15,000 1,340 19 .3 6,180 6,900 2,090 1,360 1,23C.Sum, red (Liquid amhatalyrselfiua) 	 .53 .48 34 5.2 9.9 7,500 11,600 1,290 10.9 4,050 5,400 1,190 1,100 650
ilicknry(trushickorie,s)(ftiroria,pp .)	 •79 .71 51

_-- -
____ ._ 10,600 19,300 1,860 27 .5 8,520 8,700 3,100 1,440 _________ _ttahogany, "African" (Khaya spp,3 	 . 47 .42 32 4 .8 5.5 7, 900 10, 800 1, 280 8 .0 4, 280 5, 700 1, 400 980 72 14lahogany•true (8wieteniaspp .)

	

___ ._ .51 .46 34 34 4.7 8.800 11,600 1,260 7 .3 4,880 6,500 1,760 860 796
'duple, sugar (Acer ssccharnm) 67 .60 44 4 .8 9.2 9, 500 15, 000 1, 600 13 .7 5, 620 7,500 2,170 1, 520 I,270
lak, commercial white and red 19 (Qusrcus

.62 45 4 .6 9.0 7,800 13,800 1,490 13 .6 4,950 6,600 1,870 1,300 1,240xppp	 . 69
Poplar, yellow (Lirlodendron tuiipifera)_	 . 43 .38 28 4 .0 7.1 6, 000 9, 100 1, 300 6 .5 3, 750 5, 000 810 800 420
Walnut, black (7u glans Mgrs)	 . 56 .52 80 5 .2 7.1 10, 200 15.100 1, 490 11 .4 5, 700 7, 600 1, 730 1, 000 99 C

SOFTWOODS (CONIFERS)

'edar, incense (Llbocedrux decutrees) . _ __ . . . . 36 .32 25 3 .3 5.7 6, 000 8, 700 I, 020 5.6 4, 320 5, 400 900 650 450
'edar, northern white (Thuja accidentalis) - . . 32 .20 22 2 . 1 4.9 4, 700 6, 600 700 4.9 3, 040 3, 800 560 610 300
-Jester, Port Orford (Chemmcyparis lawseni- °

ana)	 .41 .40 30 4 .6 6.9 7,400 11,000 1,520 8.7 4,880 6,100 1,030 760 520
echo, western red (Theta plicate)	 1

	

.3i .51 23 2 .5 5.1 100 7,800 1,030 5.8 4,000 5,000 800 630 320
ypress, southern (Tan:diem riistiehum)	 _I .48 .43 32 3 .9 6.1 7,100 10,500 1,270 7.7 4,960 6,200 1,23( . 720 480
ougiasllr(i'seudotsugataeffulta)	 '	 . 51 .45 34 5.0 7.8 8. 000 11,500 1,700 8.1 5,600 7,000 1,300 810 620

Pine, northern white (Pinusstrobus)	 _I .38 .34 26 2.2 6.0 5,900 8,700 1,140 6.3 3,840 4,800 780 640 38 (
Pine, Norway (Ptnus reeioosa) .51 .46 34 4.6 7 .2 8, 500 11, 900 1, 580 8.9 5, 280 6, 600 1, 080 870 521 1
Pine, sugar (Firms Ismbertiens) 	 .38 ,34 26 2.9 5.6 5;600 8,000 1,040 5.4 3,680 4,600 810 730 37C
Pine, western white (Pinus wootieels) 	 . .42 .38 27 4.1 7 .4 6,000 9,300 1,310 7.9 4,240 5,300 750 640 360
Spruce (P ices app.)	 .41) .30 27 4. 1 7 .4 6.200 9, 400 1, 300 7.8 4, 000 5, 000 840 750 440

I The average values for fiber stress at elastic limit and modulus of rupture in static bending, and maximum crushing strength in compression
parallel to grain have been multiplied by two factors to obtain values for use In design. A statement of these factors and of the reasons for their use follows: It was thought
best, in fixing upon strength values for use in design, tp allow for the variability of wood and the fact that a greater number of values are below the average than above it ,
and the most probable value (as represented by the mode of the frequency curve) was accordingly decided upon as the basis for design figures . From a study of the ratios
of most probable to average values for three species (Sitka spruce, Douglas fir, and white ash), 0.94 was adopted as the best value of this ratio for general application to the
properties in question. The stress that wooden members can carry depends on its duration . A factor of 1 .17

	

been applied to test results to get values of the stress tha t
can be sustained for a period of 3 seconds, it being assumed that the maximum load will not be maintained f

	

longer period .
' The values given are 92 per cent of the average apparent modulus of elasticit _(E,) as obtained bysubstituting results-from tests of 2 by 2 inch beams on a 28-inc h

span with load at the center in the formula E,= PI'/48 I . The use of these values In the usual formalas will give the deflection -of beams of ordinary length with bu t
small error . For exactness in the computation of deflectionso i oil and box beams, p laxly for short spans, the formula that takes . i1Sto account shear deformations (see
National Advisory Committee for Aeronautics Report No . 180, Deflection of Beams with Special Reference to Shear Def6rmatio _ should be used . This formula in-
volves Er, the true modulus of elasticity In bending, and F, tie modulus of rigidity in shear . Values of E, may be obtained ,bb adding 10 percent to the values-of E, as
given in the table. If the I or box beam has the grain of the web parallel to the axis of the beam, or parallel-and perpendiculgr thereto, as'in some plywood webs;'th e
value of F may be taken as E,/16 or E ./14.5. If the web is of plywood with the grain at 45° to the axis of the beam F may be taken as E,/5 or E./4.5.

' Design values for fiber stress at elastic limit in compression parallel to grain were obtained by multiplying the values of maximum crushing strength as given in th e
next column by factors as follows : 0.75 for hardwoods; 0 .80 for conifers. Values as given are to the nearest 10 pounds.

4 Wood does not exhibit a definite ultimate strength in compression perpendicular to grain, particularly when the•load is applied over only a part of the surface, as it is a t
fittings . Beyond the elastic limit the load continues to increase slowly until the deformation and crushing become so severe as to seriously damage the wood in other prop-
erties. Figures in this column were obtained by applying a duration of stress factor of 1 .17 (see note 1) to the average elastic limit stress and then sliding 3351 per cent to get
design values comparable to those for bending, compression parallel to grain, and shear as listed in the table .

' Values in this column are for use in computing resistance ot•beams to longitudIU shear . They are obtained by multiplying average values hy.0.25. This factor is used -
because of the varfablility in strength and in order that failure by shear may be less probable than failure from other causes. Furthermore, tests have shown that-because
of the-favorable influence upon the distribution of stresses resulting from limiting shearing deformations the maximum strength-weight ratio and minimum variability i n
strength are attained when I and box beams are so proportioned that the ultimate shearing strength is not developed and failure by shear does not occur.

4 Includes
4 Includes swheet asro

h (F . a rile nts)c and gyeen va hlrah pennsyllv
)anica lanceolate), and blue ash (F . quadrangulata) .

h Includesbigleaf shagbark hickory (H. laoiniosa), mockernut hickory (H. alba), pignut hickory (H . glabra), and shagbark hickory (H . ovate) .
' Includes material from Central America and Cuba .
i' Includes white oak (Q. alba), bur oak (Q. mscroccarpa) swamp chestnut oak (Q . prinus), post oak (Q . atellata), red .oak Q . borealis), southern red oak (Q . rubs) ,

laurel oak (Q. laurifolia), water oak (Q. nigrs), swamp red oak (Q. pagodtefolfa), willow oak (Q. phellos), and yellow oak (Q. v utina) .
u Includes red spruce (P. rubra), white spruce (P. glance), and Sitka spruce (P . sitchenals) .
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OTHER PROPERTIES NEEDED IN AIRCRAFT'DESIGN

Not all of the data obtained from standard tests on each specie s
are of importance in aircraft design, so that only the pertinent result s
of the work of the Forest Products Laboratory have been included in Table I .
On the other hand, data are lacking on certain properties that might other -
wise be expected in the table . A.brief discussion of the omitted propertie s
follows :

Tensile Stres s

In general, the tensile strength of wood along the grain is littl e
needed in the design of wood parts and, consequently, very little informatio n
on this property is available . Furthermore, experience has demonstrate d
that it is 1ifficult, if not impossible, to get reliable data on tensio n
along the grain. The tests that have been made show that the tensile strengt h
when not affected by other factors, considerably exceeds the modulus o f
rupture . Hence, the values for modulus of rupture may safely be used whe n
tension parallel to grain figures are necessary .

Torsional Propertie s

The torsional strength of wood has been studied but little ,
excepting Sitka spruce, The available results, however, indicate that, in
designing for shearing stress at maximum torsional load, values one-thir d
greater than the figures of Table I for shearing strength parallel to grain ,
which apply to horizontal shear in beams, may be used.

	

For example, 1,000
pounds per square inch may be used as the torsional shearing stress for
spruce instead of the 750 pounds per square inch given in the table unde r
the column heading "Shearing strength parallel to grain ." For a 3-secon d
duration of stress, the fiber stress at elastic limit in torsion may b e
taken for any species as two-thirds of the shearing stress at maximu m
torsional load .

The mean modulus of rigidity of spruce is e qual to the modulus of
elasticity along the grain divided by 15 .5, or 84,000 pounds per square inch.
The ratios between these two moduli have not been definitely obtained fo r
other species, iuut scattered tests show a range of values between 14 and 18 .
Until more definite information is available, the Forest Products Laborator y
recommends that a ratio slightly higher than that for spruce be used fo r
other species. A ratio of 17 appears conservative for the purpose .
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FORM FACTORS

The data obtained in test for a given beam sectionare not strictl y
applicable to another size or form . When it becomes necessary to apply
the design values of Table I, which are based on standard specimen s
2 by 2 inches in cross section, to oddly shaped sections such as the I an d
box types, a correction factor or "form factor" must be used . This form
factor may be as low as 0.5 for some extreme sections in I and box beams ,
whereas it is greater than unity in some cases, as evidenced by the fac t
that a square on edge and a circular section carry the same load in bending
as a square of equal area tested in the usual flatwise position . Studies at
the Forest Products Laboratory have led to the development of formulas fo r
determining form factors of sections of various shapes . Detailed information
concerning form factors may be found in National Advisory Committee for
Aeronautics Reports Nos . 180 and 181 . (References 5 and 6 . )

ADJUSTMENT OF TABLE I VAL UES

The strength figures for design in Table fare not recorded average
values from test, but have been adjusted for various factors to make the m
applicable to the conditions of aircraft use . The following discussion will
bring out more clearly the effect of these factors on the properties and the
methods of adjustment employed .

Moisture Content

The table of stress values is based on a 15 percent moisture -
content condition of the wood . This value was seleeted as the result of a
survey by Heim and Hankinson of actual service conditions in various part s
of the country. In this survey the lowest average moisture content observe d
was 9.8 percent for material at an Antonio, Texas, and the highest was 15 . 3
percent for specimens in Seattle, Washington . The general average for all
stations and species was about 12 percent . Individual specimens, of course ,
showed values higher than these averages, andetill higher values are
probable for extreme conditions . Long-distance flights bring aircraft int o
contact with a wide range of moisture and relative humidity conditions ,
varying from those of dry interiors to those of the humid coast regions ,
and year-round service often causes the same result . In fixing the moistur e
content on which to base the values for design, most consideration must b e
given the higher moisture conditions that may be encountered; in consequence ,
15 percent was adopted as standard for general use .

R107R,



B -STRESS

C -MAXIMUM

GRA/N

0-F/8ER

A -MODULUS

/0290

PERPE/VD/CULA R

A T

x /o

STRESS

M = MOISTURE

= /022 0

OF RUPTURE
ELASTIC

-"a n

CRUSHING

X
AT

LEGEND

LIMI T

/0 -0.0/9M
ELASTIC
TO THE

CONTENT

STRENGTH

= /4880

IN

L/M/T
GRAIN
IN PER

x /0 -

STATI C

PARALLEL

= //55
CENT

IN COMPRESS/O N

0.0 4 M
BEND/N G

TO

X/O

=

THE
A

B
-

C

5

	

/0 /5 20_ Z5 30 35 40 45 50
MO/STORE CONTENT (PERCENTAGE OF WEIGHT OVEN-PRY)

THE RELATION BETWEEN THE STRENQTH AND THE

	

'' '

MOISTURE CONTENT OF SMALL CLEAR SPECIMENS OF S/TKA SPRUC E

140

/2 0

400

2

0

t



■

•
d

C

0

'F d
q

I

I I o
•

,
q

0

ti

q

0
O

q

~0 Nd1Gd 7N0/1~WN1/~1N

0

fQ	 --T - Nd3W 7V .2/11/NNl/~/b d0 1N~0 /JS fib

d

q

o
q

0

fl

q



The strength of clear weed in the small sizes and cross-sectional
shapes common in aircraft is greatly affected by its moisture condition .
Figure 1 represents the relation between strength and moisture content o f
Sitka spruce for four different properties .

When green or unseasoned wood loses moisture, with most species
there is no shrinkage or change in strength properties until the fibe r
saturation point is reached . As the drying proceeds below this point the
reduction in moisture causes a stiffening and a strengthening of the cel l
walls ; the compacting of wood substance into a smaller volume as a result o f
shrinkage is another, although a less important, factor in the increase i n

• strength. (Fig. 1.) (Green wood or wood that has had prolonged soakin g
usually contains absorbed water within the cell walls and free water in th e
cell cavities . In drying, the free water in the cell cavities is the firs t
to move out to the surface, where the air carries it away . The fiber -
saturation point is that point at which all the free water has left the
cell cavities of the wood while the cell walls are still saturated with
moisture . The fiber-saturation point varies with the species . For most
species the moisture content at fiber saturation is from 22 to j0 percent o f
the weight of the dry rood . )

Wood is a hygroscopic material, continually giving off or taking
on moisture in accordance with the prevailing relative humidity and
temperature conditions to which it is exposed. Such moisture changes, o f
course, may be reduced by applying protective coatings to the finished parts ,
but in time some moisture changes can be expected after manufacture, eve n
with coated wood. If dry wood reabsorbs moisture, its strength is lowere d
by about the same amount that the strength is increased with a simila r
reduction in moisture content .

.the materials

	

1

It is evident, therefore, that the moisture content of wood is an
important factor in the strength of aircraft members, and hence in design .
By means of relations derived from Figure 1, Table I, and similar data, i t
is possible to estimate closely the strength at any moisture condition o f

,Variability

	

'

ti

		

The variability in the strength of clear, sound, straight-grained
'wood may be attributed primarily to differences in its specific gravity ,
since in any species there is a fairly close correlation between specifi c

r gravity and the different mechanical properties . For wood, frequency curve s
- of mechanical properties are commonly skewed, more values falling below .
'the average than above it . Such skewness results primarily because mos t
I properties increase more rapidly than the specific gravity, but i s•
accentuated somewhat by a slight skewness in the specific gravity curve s
themselves . (Fig. 2 and Table II . )
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Table II .--Results of secifia _ emit determinations on 2 10

	

le s of

Sitka spruce

Specific gravityl :

	

Pieces in group VARIABILITY DIAGRAM

group limits	

Number
: Fraction of :

Minimum

	

Maximum :

	

: grand total : Number of specimens in group

	 :	 :	 :	 :0 100 200

	

300

	

400

Percent r 1

0.220 ' . 239 1 : 0.05
.240 . .259 3 : .14
.260 . 279 18 : .s6
.280 . 299 70 3 .33
.300

	

. .319 133 6.32
.320

	

. •339 359 17.05
.340 .359 11.11 : 19 .53
.360 •

3
379 392

345
: 18.62

16.39
AverageZ

.380.

	

0o

	

. .419 211
:
: 10.02

.420 .439 91 4.32

.440 .459 43 2 .04

.460

	

. . 479 16 : .76
.4so

	

. • 499 3 . .14
.500 .519 1 : .05
.520 • 539 4 . .19
.5 )40 -559, 2 ,0.

40 $ .571 i .01
.50
.6Q0 '

=.620

	

: • 039 1 .

as

	

pn weight of wood when oven dry (moisture free) and volume when green.

+-wecific gravity equals 0.364 ; highest observed specific gravity

Wiest. Q.236 .

,

I L

	

•



It was thought best in arriving at design values to reduce the ,
average fiber stress at elastic limit and the modulus of rupture in-atatie '
bending, =tithe average fiber stress at elastic limit and the maxi
crushing strength in compression parallel to the grain by 6 percent .
modulus of elasticity, 'being somewhat more variable than modulus of -rapture
and maximum crushing strength, was reduced by g percent. The reason for
these reductions is to put the values for wood on the sage basis of rel_iabi .]; ty ,
as those for other materials. It so happens that the 64eroent reduction in '
modulus of rapture makes the design value correspond - closely to the mode`of
the frequency curve, as may be amen in Figure 2. Shearing strength parallel., -
to grain was, reduced 25 percent because of variability in strength ad in
order that failure by shear may be less probable than that from other causes.
For the other properties of Table I the average teat values were used, excep t
compression perpendicular to .-grain.

A frequency distribution of the specific gravity (for the weigh t
when. the wood is oven dry and the Volume when it is green)- of Sitka spruce , , .
together with a bar diagram and a normal frequency curse are. shown in Table II.
The Calculated probable variation in specific gravity of Sithe spruce ,
assuming a normal frequency distribution, is 7.5 percent .

Duration.- of Stress

The length of time a load is allowed to remain on , a wooden membe r
is a very important factor in load-carrying capacity and consequently in the
stress at which failure will occur. It is a well-known fact that loads, which

are carried safely for a few seconds may cause failure if applied for along
period . It is thi s . fact that makes it permissible, in heavy-timber design, - -

to neglect impact resulting from moving loads when the impact does not exceed

the live load producing the impact .

In the general standard laboratory static bending test severa l
minutes elapse after the application of the initial load and before" the -
maximum load is reached, whereas the maximum stress on a main structural part
of an airplane, such as' that occurring-in a. sharp pull out of tt dive or other

maneuver, is maintained for only a few seconds . In aircraft construction
a 3-second: duration of stress has been assumed for design purposes and the

values obtained from test have been adjusted for this condition in Table I .,
for the following properties: Fiber stress at elastic limit and modulus of
rupture in static bending, fiber strews at elastic limit and maximum crushing
strength in compression parallel to grain, and fiber stress at elastic limit

in compression perpendicular to grain. The factor used for this adjustment. -
was 1.17 .
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Oft' 1111TElildlil

The sucaees -with w2 ch wood has been employed Sc ,tom
requirements of aircraft us.e i s testimony- to, t4e .- preci ow rt b-
obtained in its design and ma feetufre . This suuceosful isaI, .y be'
directly to an intimate knowl]IAdge A+f the factors .atf VOBg s+nengt
the employment of proper a6le1ciio1n Wet s.. 1-t is' *00rs-tsandi IOF
these factors that makes possible a design preedsion inMi en mom ,
comparing favorably with the procisilm is other materials.

The chief merits of wood for aircraft construction are a high
ratio of strength to weight ; an inherent lightness in weight which, for a
given depth of members permits considerable width to afford lateral stability
against buckling ; the ease with which it can be manufactured and assembled
ands for the same reason* the ease with which it may be repaired without
either highly skilled labor or special equipment; its relative cheapness ;
its adaptability to production in small plants ; and the readiness with which
it may be glued and spliced . In additions the present knowledge of woo d
permits selection so as to■obtaiit both the uniformity necessary for quantit y
production and the properties that are best for the work in hand .

On the other hand, the principal factors tending to restrict the
use of wood are a not unlimited supply of the most desirable species ; a
hygroscopicity that results in shrinking and swelling and changes in strength;
and a wide difference in properties with different directions of the grain.

The use of the Table I stresses presupposes that selected material
will be employed, in order to maintain high structural strength with a
minimum of weight * The selection of suitable material involves fixing a
minimum specific gravity requirement, setting a tolerance on certain defects*
and prohibiting others. These may be regarded as primary considerations .
In addition, there are a number of factors more or less directly related to
wood procurements inspection, and use that are not ordinarily included in a
specification proper, but which will be discussed later as contributing
information relating to the use of wood in aircraft ..
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Primary Factors in Selecting Wood

Specific Gravity-Strength Relation s

Studies at the Forest Products Laboratory have shown that th e
specific gravity of wood substance is nearly the same for all species, and
has a value cf about 1 .5 . Since the bulk specific gravity of wood is less
than unity fol. most species, it is evident that a considerable portion o f
the volume of a piece 'of wood is occupied by the various cell cavities and
pores . For these reasons, the specific gravity of oven-dry wood is an
excellent index of the amount of wood substance present, and hence of the
strength properties .

The relation of specific gravity to the mechanical properties o f
wood may be considered from the standpoint of (1) differences betwee n
species, and (2) differences between pieces of the same species . Considering
different species, the general relation of specific gravity to strength i s
illustrated by two widely different woods, mastic,a dense Florida species ,
and balsa, a very light Central American species . Endwise compression tests
on green material gave the results of Table III, which show that mastic ha d
nine times the average specific gravity of balsa, and was also nine time s
as high in crushing strength along the grain . Weight for weight the end-
wise crushing strengths of these diverse species are substantially equal .

Table III .--A comparison of the specific gravities and the strength value s
of two widely different woods in the green conditio n

:Specific gray- :
: ity based en : Crushing

	

weight and : strength :

	

Specific
Species of wood

	

vcluine of

	

: parallel :

	

strength
wood when : to grain
oven dry .

1

	

2

•

	

:Pounds pe r
:square inch: (Col .2/Col .1 )

	

1 .03

	

5,880

	

.

	

5,710

	

.11

	

644

	

5,850
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Some properties increase directly with increase in specifi c
gravity while others increase more rapidly . Crashing strength parallel t o
grain and shrinkage are examples of properties that' vary direet .ly with the
.specific gravity . Mod,_:111S of i'•upture, on the other hand; varies from orie

' species to another as the 1,1 . 4 power of the spe,cafic' gravity. Other 1
p4r pt.es ape-related to specific gravity by equations•,of still higher ,
IldkOXA for .instance, the exponent of specific gravity for . the variation
in hardness is 2--l/4 . It is evident, therefore, tit .siall differences in -
specific gravity may result in large differences yin certain strengt h
properties .

	

I '

Specific gravity affords An index of strength Also-for differen t
'

	

pieces of the same species . I-n fact; the relationship is closer than that
between the averages of different species . Furthermore ; the curve

,_,.representing the relationship of pieces within a species is usually of 4.i0
'

'
slightly higher power than that representing the average values fo r
different species. (Pigs. 4 and 5 .)

	

i
. I

Som_e ecies of wood contain relatively large amounts of resins ;
e, which, of cou4se, add to the .weight but do no t

'ttrength as would a like amount of wood substance .
Pitthe..~_ere, the' different species of wood vary somewhat - in the structural
arrange dent ,of the fibers . For these. reasons- it is apparent that two specie s
which may be identical in specific gravity may exhibit different average

1 'strength characteristics . This fact is illustrated by the scattering of
points in Figure 4 0 Hone the specific gi;avity relationship should be taken
as a general trend rather than a :perfectly Ltp#form law . , A depa=rture from the •
general curve that applies to Most species usually indiF tes some exceptional
characteristic of a species, which may make it particularly desirable for
certain use requirements . (The term extractives is used for the compounds
that can be removed from the wood of some species by passing cold or ho t
water, alcohol, or other solvent. through it when it is in't_le 'forth of sawdust .
Extractives 1my be referred to in terms of the solvent usad, such s!,s . ="aot-water
extractives ; for example . )

The minimum strength values that may. be expected from r andom ' s bock
of any species may be materially raised by eliminating a relatively-smal
portion of the material: This is accomplished by fixing , a minimum peci-fi-¢
gra=vity requirement (Table I) as one of the specifications for aiz'cmaft *ado
thus re jec;t-ing_ light-weight- stock . The inspection can usually be made •

`

	

y- T - ual examination, but in certain cases it may . be: c ee'l ablo
eve~essa{

	

resort to actual specific gravity determinations.. Sumr '-
ions

	

from time to time are-of value to aircraft inspectors ' n
izing timit-the relation between appearance and specific gravity.
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While no maximum specific gravity limitations are necessary, it i s
worthy of note that greater uniformity of weight and strength'cam• be obtalne d
by removing the exceptionally dense stock .

Permissible Defects

Cross Grain

Cross grain may be regarded as any deviation of the grain fro : :
parallelism with the axis of a piece . It may be classified as diagonal or
spiral, or a combination of both. Diagonal grain is that produced when the
.saw cut is-not parallel to the bark; 'spiral grain results from a spira l
arrangement of the fibers in the tree . Diagonal and spiral grain can b e
avoided to a large extent by care in sawing, provided the logs are straigh t
and not badly spiraled . Diagonal grain is largely avoided by sawing paralle l
to the bark, while spiral grain may be avoided by edging plain-sawed board s
parallel to the grain. Such edging is somewhat difficult, since th e
direction of the spiral grain can not always be readily detected . The effec t
of diagonal and of spiral grain of a given slope is the same, so that no
distinction is necessary except in regard to cause and method of detection .

In order to correlate . cross grain with the strength properties of
the timber, it is necessary to have some method of measurement. This is
furnished by the angle between the direction of the fibers and the edge o r
axis of a piece . The angle is usually expressed as a slope ; for instanc e
1 in' 15, or 1 to 15, means that. in a distance of 15 inches the grain deviate's],
1 inch from the edge of the piece .

A series of tests made at the Forest Products Laboratory on Sitka
spruce, Douglas fir, and commercial white ash has shown that the severa l
strength properties differ in the degree to which they are affected by cros s
grain and that for properties materially affected the tendency of values to
fall off occurs with even slight deviations. (Reference 11.) *;Table. IV presents
some of the results of these- tests, the values representing the averag e
percentage deficiency for various slopes cf cross-grained material when it i s
free from checks and other defects, in terms of straight-grained stock .
Figures 6, and 7 present the results for white ash in curve form .

The weakening effect of cross grain results from the wide -
difference in properties of wood along and across the grain . Cross. grain is
accompanied by an increased variability of the properties .
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Table N . Aver

	

extent ~e deficient is strap th r ertie g Frith re ea t
to strai t- ained :saterial of s iral- ained and die o lna--
gxained material of various slopes

: Compression
Static bending

	

: Impact : parallel to-

	

Species of wood and :	 : bending, :- grain,
' slope of grain

	

: Modulus : Modulus : Work to: maximum : maximum

	

:

	

of

	

:

	

of

	

maximum: drop : crushing
: . rupture :elasticity: load :

	

strength
	

Waite ash:

	

:

	

1 :25	 :

	

14

	

:

	

2

	

1 :20	 :

	

6

	

:

	

3

	

1 :15	 .	 :

	

11

	

:

	

14

	

1:10	 . . . . . . . . :

	

18

	

7

	

143

	

1 :5	 :

	

36

	

22

	

61

Douglas fir :

	

:

	

1 :25	 7

	

:

	

14

	

:

	

17

	

1 :20	 :

	

10

	

:

	

6

	

:

	

214

	

1:15	 :

	

15

	

:

	

8

	

:

	

t34-

	

1 :10	 :

	

2

	

114

	

:

	

146
4

Sitka spruce :

	

1:25	 :

	

2

	

:

	

2

	

:

	

114

	

1:20	 :

	

14

	

:

	

14

	

:

	

21

	

1 :15	 :

	

S

	

:

	

7

	

:

	

33

	

1:l0	 :

	

17

	

:

	

13

	

:

	

55

	

1:5	 :

	

1414

	

:

	

36

	

:

	

76

	

3

	

:

	

13

	

:

	

14

	

21

	

6

	

1

	

:

	

11

	

:

	

4g

	

33

	

:

	

6g - :

Average for thre e
species :

	

1 :25	 :

	

14

	

1 :20	 :

	

7

	

1 :15	 :

	

1 1

	

1 :10	 :

	

19

	

1 :5	 :

	

145

	

o

	

:

	

0

	

12

	

0

	

22

	

o

	

.37

	

:

	

1

	

59

	

7

	

1

	

:	 ►	
14

13

	

:	
	 '	

:	
:	
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In bending, the weakening effect becomes significant al a slope
of about 1 in 20 and increases rapidly with increase in slope. In general ,
a slope of grain • greater than 1 in 20-should not be permitted in a main
structural aircraft member . In parts where failure in service would have
no effect on the structure as a whole, a slope of 1 in 15 is allowable .

Def cts Cau,si Cross Gratin and Limited Thereb

In addition to cross grain itself there are a number of defect s
that are limited, in specifications principally because of the discontinuit y
of grain and the cream grain that they cause . These defects are knots ,
pitch pockets, wavy grain, curly grain, interlocked grain, and indente d
rings.

Knots ..---A. knot is'a portion of a branch that has become
incorporated'' in•,•;tJe body of a tree . Sound knots are invariably denser
than the adjacent .rddod . Knots one-fourth inch in diameter ma ny be permitted
near the neutral axis and along the middle of the top and bottom surface s
of main structural members, provided they are not closer together tha n
10 inched and do not cause a divergence of grain at the edges of the

member greater than 1 in 20 . Where less severe strength requirement s
.per-mit ores grain having a slope not greater than 1 in 15, knots up to
one-half inch. in. diameter may be usa provided they are not closer together

than 20 inches, and do not cause divergence of the (MIAs At Ord. d

	

., '
the member greater than 1 in 15 . mots in clusters are often
by irregular grain and should not be permitted .

Pitchpockets .-Pitch pockets are openings in the grain of'the .
wood that contain more or less pitch or bark . Teats al the Forest Pt5e L
Laboratory show that while the effect of small pitch packets is usualty
slight, large ones noticeably affect-the strength, particularly when fate*
are on the compression flange of a beam . Althou h•pit.•ch poalaPP4

	

be .
permitted on the same basis as knots, tite method of neasatr ..em_ea t will *6ff3e .i,

The limitation in both cases takes into consideration :tie eresas_'secti n ad -
the beam occupied and the degree of • irregular, grain caused . he preeegce
of pitch pockets. in largo members is often indicative of shakeeF • i

	

•of

bond between the rings .

The following suggested general limitations of pitch poc e;
wing beams of I section (solid or built-up) are, based not only on t !agar
just rtferred to bust also on many yea's' observation, by gpmbers of VIA

	

.

staff of the Forest Products Laboratory, of the of ect. of 'Pitch p JEets
and ,various other defects on strength properties and qa fai urge ! Ord test . '
(Reference 9. )

R1079

	

-13-



(1) At points where the computed stress multiplied by the load
factor is equal to the maximum allowable stress, the beams must b e
entirely free from pitch pockets . ("Load factor" is explained in the
introduction.)

(2) At points where the computed stress multiplied by the load
factor does not exceed 90 percent of the maximum allowable stress, pitc h
pockets 1-1/2 inches in length and not to exceed one-eighth inch in widt h
or death may be allowed in-any part of the section, except the outer
quarters of the flanges, provided that they do not cause a slope of grain
steeper than 1 in 25 in the outer quarters of the flanges . No pitch pockets
are to be allowed in the outer quarters of the flanges .

(3) At points where the computed stress, multiplied by the loa d
factor, does not exceed 70 percent of the maximum allowable stress, pitc h
pockets 2 inches in length and not to exceed one-fourth inch in width or
depth may be permitted anywhere in the section, except in the outer quarters
of the flanges, provided that they do not cause a slope of grain steeper
than 1 in 20 in the outer quarters of the flanges . No pitch pockets are
to be allowed in the outer quarters of the flanges .

(4) At points where the computed stress, multiplied by the loa d
factor, does not exceed 50 percent of the maximum allowable stress, pitch
pockets 1-1/2' inches in length and one-fourth inch in width or depth may
occur in the outer quarters of the flanges and pitch pockets 3 inches in
length and one-fourth inch in width or depth may occur in any other portion
of the section, provided that they do not cause a slope of grain steeper
than 1 in 15 in the outer quarters of the flanges .

(5) Pitch pockets in the web may not be closer together than 20
inches ; if in the same annual growth ring they may not be closer togethe r
than 40 inches . In ether portions of the section these distances may b e
10 and 20 inches, respectively .

In measuring pitch pockets in a piece the length is taken as the
surface dimension In the direction of the grain, the width as the surfac e
dimension across the grain, and the depth as the maximum distance the
pitch pocket extends into the piece .

Wavy,curly, and interlockedgrain .--Wavy, curly, and interlocked
grain are subject to the same limitations as other forms of cross grain .

Indented growthrings .--Indented rings of annual growth appear
as slight local depressions of the rings on end sections of pieces of som e
species . On a tangential surface they appear as longitudinal scars, which
gives rise to the term "bear scratches" that is sometimes applied to thaw.
Their effect is less than that of the permissible knot and mad* be ignored
in members of appreciable size .
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Shakes and Checks

Both shakes and checks are separations along the grain of the
wood. With a shake the greater part of the s e paration occurs between the
rings of annual growth, whereas with a check the greater part of th e
separation occurs across the rings of annual growth . Checks and shakes are
more common in large timbers than in small pieces . The weakening effect in
any case is usually greater than that attributable to the visible extent o f
the opening. Aircraft material containing shakes should be rejected . Air-
craft lumber should be relatively free from checks, and finished aircraf t
parts containing checks should be rejected.

Mineral streaks

Mineral streaks are localized accumulations of mineral matte r
sometimes found in•wood and are generally associated :pith a slight injury t o
the living tree, such as a bird peck through the growth layers immediately
under the bark. Mineral streaks in themselves appear not to affect strength ,
but are sometimes accompanied by decay and consequently pieces containing
such streaks should be inspected for this defect . All material containing
decay is rejected. Somet i mes mineral streaks are present in sufficient
quantities to be a factor in the dulling of woodworking tools .

Injury Resulting from Insect Attac k

Insects sometimes cause holes in lumber . In estimating the
effect on strength these holes can be considered from the standpoint of the
amount of material removed . When the holes haw resulted from insects tha t
attack the green or partially seasoned wood, their presence is usually
detected easily. On the other hand, the presence of powder-post beetles ,
most of which confine their attack to dry lumber, usually the sapwood, can
be detected in stored stock only through the most careful examination ; at
times cutting into suspected stock is necessary . Hickory, ash, oak, and
black walnut lumber are most subject to such attack, but other species ar e
not immune . Losses caused by Lye-bus beetles, which are perhaps the mos t
common powder-post beetles, can be prevented through proper methods o f
classification and the piling of stock by kinds ; by separating heartwood and
sapwood stock, when possible ; by periodical inspection ; by utilizing the
older stock first ; and by coating the lumber to close the pores ; thus
preventing egg deposition . When material is under attack,proper heat treat-
ment in a kiln at a temperature of 180° R . will kill the borers ; two t o
three hours should be sufficient . (References l and 7 .) There appears t o
be little danger of powder-post beetle attack in assembled aircraft parts ,
however, since the finishes applied are effective in preventing entrance .
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Seasoning, Defects

Kiln drying, if properly done, can be accomplished without
injury .to the strength properties of the wood, tests at-the Forest Product s

Laboratory show . (Reference 10 .) Furthermore, results can be obtained tha t

fully equal those of air drying under the best conditions . On the othe r

hand, favorable appearance of stock alone is not a suitable criterion as to

whether'the stock has been injured in the drying process . The best-metho d

of obtkihing satisfactorily dried stock is to use an approvad drying ,schedule;,

such as one of those recommended by the Forest Products Laboratory. .

	

-

The seasoning of wood in its simplest terms consists of drivin g

off the emcees' moisture always present in the living tree, .-To accomplish

this, a moisture difference must be established between the inteFi'or'ot a

piece and the outer surface from which the atmosphere takes away the •

moisture . If the drying is too rapid, too great a moisture difference 'will
exist, and the resulting unequal shrinkage will cause stresses that maiifest-
themselves in checking, honeycombing, casehardening, or warping. Collarps L _

is another defect that sometimes occurs in seasoning, especially with' .

cex'tain species, in spite of care .

Wood that is checked, honeycombed, or collapsed is not suitable

for aircraft construction . That which is casehardened or warped may b e

accepted or rejected as determined by the severity of the defect and th e

use of the stock .

' Storage after kilndrying.--Good•practice in wood° fabrication

involves the storage of lumber under cover for a short period after i t

leaves the dry kilns and before complete manufacture, to permit the relie f

of internal stresses that may exist, and the further equalization of moistur e

content . Such stock should be bulk piled,•and heated storage space i s

desirable and may become essential as methods are refined to meet mor e

exacting specifications .

Manufacturing Defect s

Manufacturing defects are only rarely the cause of rejection o f

aircraft parts, since strength and not appearance is the criterion o f
acceptance . The defects that are most likely to result from manufacture are .

' a slight raising of ' the grain and splintering in the machining process .

:The 'splintering that sometimes occurs in routing a beam when the shape r

knife finishee'out against the grain should not cause rejection unless the

splintering extends into the flanges . Excessive sanding to produce a

smoothly finished surface should be avoided . The finish of a wooden aircraft

member need only be sufficient to produce a good surface for varnishing.
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r Prohibited. Defects

oecay

All woods, to a greater or less extent, are subject to stain s

and decays . The stains not associated with decay, as a rule, have littl e

effect upon the strength of wood, whereas decays affect the strength eve n

in their early stages, and before any appreciable reduction in specifi c

gravity occurs .

The development of fungi is dependent upon a relatively high

moisture content of the wood, suitable temperature, an abundant supply o f

food substances, and a supply of oxygen, which may be obtained from the air .

Somber that is kept either dry or entirely immersed in water will not decay.

The most practical method of preventing decay in aircraft lumber is to avoi d

undue holding of logs under conditions favorable to decay, to kiln dry the

lumber immediately after sawing, or to air dry it immediately with proper

precautions, and then to keep it dry in proper storage . Under such

conditions wood can be held indefinitely without loss of strength or othe r

deterioration . Borer or termite attack, of course, requires its own

preventive measures

Both stains and decays are usually indicated by discolorations

of the wood, and it is frequently difficult to distinguish between them

during their early st,aag°eus . Furthermore, the conditions that are favorable

for the growth of stalns, as a rule, are also favorable to the development

of wood.-destroying tuugi . For these reasons any discolorations in aircraft
wood should be regarded with suspicion and pieces so discolored should b e

carefully examined .

In examining discoloration, it is necessary to avoid confusion

with some of the natural color variations of the species, For instance, in

Sitke spruce the heartwood has usually a light reddish tinge, slightl y

distinguishing it from the sapwood. Some trees of Sitka spruce, however ,
have a pronounced reddish or brownish pin'4 heartwood, which is quite uniform

in color throughout . The color difference is striking in a surfaced board
containing both heartwood of this color and the characteristic white

sapwood. This reddish or brownish pink heartwood is not discolored by
decay and so can be safely used for aircraft construction.

Decay varies in its effect on different strength properties, The

wood-destroying fungi use certain constituents of the cell walls of the

wood for food, with the result that these walls are broken down . In the

final stages of development of the decay little or no strength remains i n
the wood. In the early stages the crushing strength parallel to the grai n

is affected but little, whereas the shack-resistance is reduced markedly .

When acceptance is based on specific gravity and appearance alone, all boards
containing any evidence of decay should be rejected .
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Compression Wood

Compression wood is a type of abnormal growth frequently occurring
in the under side of leaning trees and limbs of softwood species . When
viewed in the cross section of a log, it may comprise all of the materia l
on one side of the pith, or may consist merely of one or more growth layers ,
lying between growth layers of normal wood and extending over only a portio n
of the circumference . It is characterized by high specific gravity, and ha s
the Appearance of an excessive growth of summerwood . Compression wood in
most species shows but little contrast in color between springwood and
summerwood . Unlike normal wood, it has an apprtable endwise shrinkage .
This causes crook, bow, and twist, particulaarly"when compression wood occur s
in combination with normal woo$ .

Compression Failure s

The defect called a compression failure, as the name implies, i s
an injury to the wood resulting from its having been overstressed in
compression. Suoh injuries may result from excessive wind against th e
standing tree, from felling trees on very rough or very irregular ground ,
or from rough handling of the logs or lumber . Compression failures are
characterized by a buckling of the fibers that appears as streaks on the
surface of a piece substantially at right angles to the grain . The streaks
vary in degree from those so pronounced as to be unmistakable to very fin e
hair lines that require close observation to detect .

Compression failures affect the strength properties of wood ,
t e_4e ' ee dwpena . an their magnitude and location . They have the
grea+Rmt- effect i
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'fai;lures s ie'n 'be rejected to •aircraft use iA part s
'where atsssmgth -is important .

Strength tests made at the Forest Products Laboratory show tha t
ression wood, although usually very dense,, .s not so high in strength
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Secondary Factors in Selecting Wood .

Locality of Growt h

,

	

There are a few cases in which the material from a given region

	

Tl

	

will average considerably lower in strength than that from another, but eve n
F- 1_1

-
% - 1

	

in these cases the differences are in the men reflected in corresponding
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differences in specific gravity, Thus Douglas fir from the Rocky Mountain
gion averages lower in-weight and strength than that from the Pacifi c

	

,

	

. c 7 •rthwest . Likewise, the material from the swelled butts of southern swamp-
grown ash, tupelo gum, and a few other species is much lighter and weake r
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than that from a higher position in the same trees, and. that from northern
upland-grown trees . If lumber from southern swamp-grown ash is to be use d
in highly stressed aircraft parts, it is essential that the lumber manu-
facturer cut off the swelled portions from the logs before they are sawe d
int ) lumber .

The factors affecting tree growth, which are very complicated ,
cause wide variations in the density and the strength of different trees
grown within limited areas and even of the wood put on by a tree during
different periods of its life . The effect of these immediate environmenta l
factors is very great and within the nat ural range of the species it over -
shadows such factors as geograpaical location.

Tests made at the Forest Products Laboratory show, for instance ,
that Sitka spruce from Alaska is fully the equal in weight and strength t o
that from the states of Washington and Oregon at the southern part of it s
range . This and many other observations indicate that, in the absence o f
specific data concerning wood from a given source, the general average o f
all available tests on the species is a more reliable estimate of the
strength pruperties of the wood from the source in -question than data'On
samples from a nearby source or from a site that appears to be similar .

Sometimes, however, factors other than density and strength may
ference for- :terial f .m one region as against t t from another .

The origin of wood with respect to locality of growth is not -
ordinarily a suitable criterion for either accepting or rejecting stock .
Often the supposed differences in the properties of a single species growing
in different sections of the country are practically insignificant ; in fact ,
there may be more difference in the strengths of timber grown in adjacen t
townships than between the averages for two widely separated regions . When
considering such differences it is well to keep in mind the general principle
that wood of a given specific gravity grown in one locality will usually
have the same strength as material of the same species and like specifi c
gra ty grown in another locality .



Four such factors are legging practice, seasoning practice, manufacturin g
facilities, and the gradlag methods employed . These factors, of course ,
are subject to continual change and an immediate contact and knowledge o f
conditions is required to permit any exercise of regional preference o n
their account .

Rate of Grorth

It is impossible to setup a satisfactory rule for appraisi,_ng .
strength in terms of rate of growth . . The specific gravity or the densit y
is a . much better criterion .

In coniferous woods, such as spruce, material of very rapid-growth
is most likely to be of low density and hence to fall below the average i n
strength. For.-this-reason the present specifications for aircraft sprie e
require that acceptable material shall .have at least six annual growth rings
per inch; Sitka spruce of relatively slow growth shows no noticeable increase
or_decrease in strength with rate of growth, and hence it seems desirabl e
to set a limit for the maximum number of rings per inch . With conifers in
general, however, the wood of exceedingly slow growth, as found in the outer
part of overmature trees, is very likely to be of,lower density and strengt h
than that of medium growth . Yet this slow-growth material works easily an d
stays in place well ; in manufacture, all slow-growth material is superior to -
equivalent stock of rapid growth .

With hardwoods, on the other hand, wood of rapid growth i s
usually above the average in density and strength . Nevertheless, the rate-
of-growth .standard cannot be applied indiscriminately even to hardwood s
beca-use some very rapid-growth material is brash and inferior in .weight and .
strength .

Position in Tree

As a general rule, wood of the highest specific gravity is the
strongest regardless of its position in the tree . There are exceptions to
this rule:, .but -they. are confined mostly to the lower 10 or 12 feet of the -
tree .- Some slight variations with distance from the pith of the tree have, -
been observed that could not be entirely accounted- for by the difference in
specific gravity, but they are not of sufficient magnitude to be considered ,
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Heax'twooti and -Sapwood

Froth the standpoihtof,Strength tieie is; in general, ho difference
between- heartwood and sarnrrood . Althott the .6hange ff m-sapwood to heartwood
in a few species, sueh as redwood, is accelriphi2•ied by dh of :ltratioa o f
efttactives that increase the specific gravity and, tb sole tent, cause an
increase in certain strength properties ; this fa:eirdP'ddie M,tappear to be
of any importance in aircraft . Specific gravity of dehe i'•ty is the hest
criterion of strength, whether it be for heartwoad or sapreedt -

On the other rate., there are important differences bete heart -
wood and sapwood from the standpoints of ease of seasauing, resietAiee-te ,
decay, ease of penetration with preservatives, and the like . As a whole ,
the sapwood of all species is relatively nondurable ; whereds the heartwood
of certain woods, such as Fert Oiford cedar, is highly deedjy re-sistnt ;
the sapwood of most speciee, however, permits easier penetration wit*
preservatives and other-agents than heartwood .

To	 hness lTest de-thod oL atlectiJtg_Woo d

As recounted in this repent, wood that will meet the e-*acting
demands of aircraft service can be satisfactorily selected by careful visua l
inspection, supplemented at times by specific gravity determinations .
Because of the extensive information on the effect of certain facto n
strength, no further requirements are esse'ii4-idl,i3 c dlx ' s vie'd4
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The Forest Products Laboratory toughness machine operates on th e
pendulum principle, but it differe essentially from other types in that th e
load is applied to the specimen by means of a cable fastened around a dru m
mounted on the axis of the pendulum. In the test a specimen 5/8 by 5/8 inch
or 3/4 b 3/4 inch in cross section, supported over an 8 or 10 inch span ,
is loaded at the center by means of a tup and a stirrup that slips over the
specimen .

Tn brief, the toughness-test inspection method that may b e
employed for stock intended for exacting uses provides for the testing o f
small specimens (usually four) from the plank from which the part in questio n
is taken. To be acceptable, the piece (1) must either meet a minimum
toughness requirement established for the species under consideration, o r
if within a certain tolerance below the minimum must pass in addition th e
present specific gravity limitation ; (2)' .must show a limited range i n
toughness values for all specimens from the same piece ; and (3) must pas s
careful visual inspection .

In practice, the procedure is less complicated than it appear s
from the description. The tests are made very rapidly and no calculation
is necessary to determine the results . It is necessary merely to read the
final angle on the machine at failure of the specimen and for this value t o
take the corresponding toughness (work in inch-pounds per specimen) directl y
from a table . The procedure is simplified further by the fact that the
moisture condition of the specimen may be ignored, for tests have shown tha t
toughness is affected but little by moisture and consequently any effec t
within the moisture range likely to be encountered may be neglected.

The one essential in the application of the toughness method ,
in addition to the necessary machine for making the tests, is a knowledge
of the species with respect to minimum toughness requirements . Tests made
at the Forest Products Laboratory on a number of species have served as a
basis for establishing such values. A summary of these data are presente d
in Table V .
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i Table V.---Minimum acceptance requirements for aircraft woods based-on tests1

in the Forest Products Lib oratory toug ness machine

t

t

	

:'

	

Size of

	

Species of wood :

	

specimen

:Minimum average acceptabl e. toughness

Without

With specific

	

: specifi c

: Span :

	

gravity limitation : gravity

limitation

	

Minimum : Minimum

	

: Minimum

	

:specific : average

	

average

gravity-: toughness? : toughness?

: Inch-pounds : Inch-pound s

:per specimen :per specimeni
t

Inches

	

:Inches

s

White ash	 : . 5/g x 5/8 x 10 :

	

8

	

: 0 .56 :

	

150

Yellow birch . . . . ; 3/4 x 3/4 x 12 : 10

	

.58

	

225

Douglas fir . . . . : 5/g x 5/8 x 10 :

	

8

	

.45

	

95

	

t

	

115

White oak	 3/4 x 3/4 x 12 : 10

	

.62

	

175

	

200

Sitka spruce	 5/8 x 5/8 x 10 :

	

S

	

.36

	

75

	

90

Black walnut	 .3/4 x 3/4 x 12' : 10

	

.52

	

:

	

150

	

175

.The load is to be applied to the tangential face of the specimen .

based on weight and volume of oven-dry wood .

3Phese values are to be applied to the average of 4 or more test specimens ,
and the range in individual test values used in arriving at the averag e
should not exceed 1 to 2-1/2 among 4 specimens .

175

260
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SUITABILITY OF SPECIES

Many species of wood are sufficiently satisfactory for aircraf t

service, even though relatively few are now used. Several factors lead to

the present concentration, and tend to delay the employment of other species .

Among the foremost are the excellent combination Of desirable properties in

the most used species ; the manufacturer's knowledge of methods of selectio n

and inspection ; practical considerations of availability, uniformity o f

quality, cost, and ease of manufacture ; facility in gluing; and ease of

drying .

The wood requirements in aircraft are (1) for material in the form

of lti•

	

K, and (2) for plywood. The ,p*ssibilit& yet g0mhAmi+nn spec i+es

wideielddffer:ent properties for core- aiboik + d 'aee• i*ee makes •pliwood ver y
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Of all the requirements of woad Wat eft, the procureme .1 -
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of su&table, clear, straight-grained lumber presents the,,10st importan
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problem.,- and the suitability of species will bet. discuass Cprtmaao443r 4r'om this '.>f• Y :
standpoint . Further ; the question : of-ss:itab&-] ty can : begat heO.1

	

®,ached by

means of .a comparison of other specie,, with the .woods,now employed, which ,

thresh :}.epee;, may be considered more or less ,standard. ..Following is a

list of the4e-4oods, together-with their principal uses : .

White Ash

Longer-ens, propellers, landing gear Struts, float ribs, reinforcing .
for structural members, bent •work on winge. .and fuselage's, chines, tail skid! ;_

- . cabuna ,strut!, bearing blocks, using leading edges, float bulkheads, fal . e- ,
keeThkb control handles, and fuselage struts .

as.

Plywood *ors stook, eepeolal y .wlse+i^e i+rccaulation is desd~ped, ss
' id eiibbins, filling, streamlining, and .•:ia •ring strips .

	

.
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float and hull construction; ribs, w.idba.,_ Ong gears, cap strip s 1
eners, flooring, planking, and vvweer for '*rood,

		

, .

	

., -
R.

■'
Black Walnut

r

Propellers, cabin furnishings, ggi iMaltrumentI.

;A 1
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Requirements in Manufactur e

The balance and alignment requirements for propellers are probably
the most exacting requirements in the manufacture of aircraft . Balance and

freedom from warping in service depend as much upon matching all laminations
for density, moisture content, and direction of annual growth rings as upo n
the species of wood used . Some species give very satisfactory results with
rapid manufacture and only a moderate degree of refinement, while others ,
such as oak, must be carefully handled, with ample time for conditioning, t o

give the best service .

The preceding statements are largely typical in character,,though
possibly not in degree, of all wood aircraft parts, and therefore the specifi c
manufacturing requirements of other parts have been given no additiona l
discussion .

Mechanical Properties of Native Specie s

Table VI presents information on tha properties of some nativ e
species compared with spruce for use in aircraft . (Reference 3 .) The
comparative values of column 7 are suggested as an index of the suitabilit y
of a species with respect to its mechanical properties, in terms of spruce ,
in so far as such a relationship may be expressed by means of a single value .

It is important in using the table to consider also the other individua l
properties listed, since a species, to be entirely satisfactory as a spruc e
substitute, should not fall decidedly below spruce in any property .

This table is not intended as a final decision in regard to th e
suitability of the species listed . Probably no two engineers could agre e

exactly in such an appraisal . In fact the relative importance of the
different'properties varies in the different members, is dependent on design ,
and changes with the type of machine and the speed . Hence, even granting
universal agreement on the detail of the relative importance of variou s
properties, it would still be difficult to compare the different specie s
from the standpoint of aircraft use as a whole .

The four properties combined to arrive at the suitability inde x
(column 7) are specific gravity, bending and compressive strength, shock
resistance, and stiffness . Shock resistance does not come into action unti l
the elastic limit has been fully passed, but is included because of the mar -
gin of safety It offers tinder extreme conditions . For this reason, of two
species equal in other respects, the one of higher shock resistance i s
preferable . In species of high shock resistance, the initial small com-
pression failures in a beam that is stressed to the ultimate usually ten d
to distribute, and thus more work is absorbed than can be absorbed when suc h
failures concentrate into a single localized failure . A species of high
shock resistance will also stand more frequent repetition and reversal o f
stress of high magnitude than one lpwer in this property .

i
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TABLE VI .-Properties of various native woods compared wit h
those of spruce, for aircraft service 1
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11n this table each spruce value is ruled I'N) per cent and the corresponding value sof other woods are then expressed accordingly .
3 These values are avenges ohtained from The following weighting: Column 2values, 1 .0; column 4 values, 1 .5 ; and r•olunur F values, I .O .
r Column 6 values divided by the :1j2 power of the corresponding specific gravitie s(column 1) .
The basic values use:( for sins-n in columns 1 Io 5 . inclusive, are 0 .37, 7 2, 42, 71 ,and 1 :15, respectively . These values are Laken or rdcllnted from Comparativ estrength Properties of 5l'oods Grown in the. l ailed stiles, which discusses thei rderivation. (Reference 3 .)

s The trees on which Ihew values are hosed nere sonrewllnt higher in densityth:111 the general average for the species . I1 is . Iherefore, very probable Lh :uLr,r -
Lher tests which are under was will slightly loner the present figures .
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TJe weighted and averaged figures thus obtained were divided by .
the specific gravity raised to the 3/2 power . In this analysis the
aonside'mat :ion of such factors as effect of size on the strength, stiffness ; ,
and buckling of thin parts, together with the essential re:aiairement i n
aircraft' of keeping weight to a minimum, necessitated the use of a power :0'
specific gravity higher than the• first . Here again judgment *as exercised
in selecting the power, as well as in weighting the properties . -

An airplane can be made from practically any . species . of wood=that
will furnish material in the required sizes, and the size of the piece s
requir+e•d may be greatly reduced by laminating and splicing. By choos-ing
the most suitable species, however, it is possible to reduce the weight o f
She plane appreciably and to increase its efficiency. The following .
-comme'nts, therefore, are based not on the bare possibility of ueei but
rather on the relative suitability and efficiency . Further, the difference s
in strength between Manny of the species are relatively small, and lowering '
the quality required in any given species is thus likely to make . mate=rial• of
a higher quality from an inferior species preferable to the low auality
from the superior species .

	

-

Some of the species included in Table VI gbyieusly- need ' not be
considered for aircraft use, because of the small size of the tree or it s
commercial unimportance . The discussion of the species included-will be '
directed principally to the suitability for wing beams, which-is the most .
important requirement and also the most difficult to meet . However ,

- consideration will also be given to suitability for other aircraft parts .

Although the data on hardwoods in Table VI are presented as ratios
to spruce, most of the hardwood species have properties that adapt the m

' better to-consideration for uses other than wing beams and the parts commonly
made of spruce . The data, however, will serve as well for comparing othe r
species among themselves as for comparison with spruce . The :hardwoods a s
here discussed are considered from the standpoint of the aircraft uses to
which their properties seem to best adapt them .

Red Alder- (Alnus rubra )

Red alder is about the saint' PIFIlirAM in weight and in most strengt h
properti-es but exceeds-spruce in-haraiaeas . Although the leading hardwood of
the Pacific Northwest, it is nevertheless a relatively small tree tha t
mattes in 50 to 60 years and reaches at that age a diameter of alb t IS , '
indhes . .The amount of clear lumber available is small .
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Black Ash (Fraxinus nigra)

Black ash is considerably lower in weight than commercial whit e

ash . It is exceedingly tough and is an excellent species for bent work . I t
lacks the strength and the stiffness of white ash, however, and can not b e

used so satisfactorily where these properties are essential .

Biltmore White Ash (Fraxinus biltmoreana )
Blue Ash Cr.quadrangulata
Green .ash F, pennaylvanica lanceolata )

to sE-7r anF:ri ana ~

Biltmore white, blue, green, and white ash are similar in densit y
and mechanical properties and can not be distinguished from one another b y

means of the wood alone . They are marketed as white ash, or more nrooerly ,
as commercial white ash .

Commercial white ash has long been a favorite wood in aircraft
where bending and compressive strength, stiffness, shock resistance, and
capacity for bending to a reouired shame are requisites . It seasons satis-
factorily, stays in place well, and presents no manufacturing difficulties .
It serves as a standard of comparison where these properties are essential .

Ash occurs all over the eastern United States and along the streams
in the plains region almost to the foothills of the Roche Mountains . Commer-
cial white ash lumber is produced from trees of a large range of sizes ,
varying from small second-growth timber to large virgin trees 100 or more
feet in height and 3 or 4 feet in diameter .

Northern-grown ash is frequently preferred by the trade because
the usual specifications under which ash is purchased do not exclude the
lightweight, brash material that comes from the swelled butts of swamp -
grown trees found in the overflow lands of the lower Mississippi Valley .

Oregon Ash (Fraxinus oregona)

Oregon ash is slightly lighter than commercial white ash an d
slightly lower in its strength properties . Its range is from southern.
British Columbia through Washington, Oregon, and California . The Orego n
ash produced is only a fraction of 1 percent of the ash consumed in the
United States .

Pumpkin Ash (Fraxinus profunda )

Pumpkin ash is somewhat lighter than commercial white ash and
is lower in most of its important strength properties . In ash, as in other
species, there is a considerable range in the properties of individual
pieces . The term "bumpkin ash" is used commercially to designate the weak ,
soft material from all species of ash. Specifications for commercial whit e
ash for aircraft exclude pumpkin ash .
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Aspen (Populus tremuloides )

Aspen is lighter than spruce and is considerably lower in hard -
ness and stiffness . The tree is ouite small and the species is not impor-
tant from the standpoint of aircraft .

Basswood (Tilia glabra)

Basswood is a lightweight wood that is low in practically all o f
its strength properties . It works easily and can be nailed without splitting .
It is a very satisfactory low-density species for veneer and plywood an d
finds other aircraft use .

The range of Tilia glabra extends from New Brunswick through the
Great Lakes region and southward as far as Pennsylvania and Missouri . Mature
trees freouently reach a height of 100 feet and a diameter of 3 to 4 feet .

Beech (Fagus grandifolia )

Beech is ouite heavy and has about the strength properties o f
sweet and yellow birch and sugar maple . Usually it is not available in the
highest grades . It might be used to some extent for propellers and plywood ,
but can not be used extensively in the framework of aircraft .

Beech occurs from New Brunswick to northern Wisconsin and south
to eastern Texas end western Florida . It reaches its best development in th e
northern states, the lower Ohio Valley, and the Appalachians . Mature trestle
attain a height of 120 feet, and diameters of 3 feet or more are not un-
common .

Sweet Birch (Betula.lenta
Yellow Birch (B . lutea )

Sweet and yellow birch are auite similar in their properties and
can not be distinguished from each other by the wood alone . They are heavy ,
hard, and stiff . All birches are diffuse porous species, have a fine, eve n
texture, and are capable of taking a high finish. These two species find
many uses in aircraft .

The range of sweet birch extends from Newfoundland to wester n
Ontario, central Iowa, southern Illinois, south along the Appalachia n
Mountains, and into Florida. Yellow birch occurs from Newfoundland to
northern New England, northern Minnesota, and south along the Appalachian s
to Tennessee and North Carolina . Mature trees of sweet birch range from
70 to g0 feet in height and from 2 to 3 feet in diameter, while yellow birc h
is a little larger .
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Butternut (Juglans cinerea )

Butternut is slightly lower in weight than spruce and is lackin g

in stiffness, although it is higher in shock resistance . Butternut can

perhaps be considered for veneer and plywood, but it is not likely to attai n

any importance because of the abundance of other suitable species .

Black Cherry (Prune serotina )

Black cherry is a moderately heavy wood, somewhat lighter than

black walnut and lover in its strength properties . Like black walnut, it i s

diffuse porous, sad is an excellent cabinet wood . It is used for propallara
and should, in general, be suitable for other parts where walnut_is used .

Black cherry occurs from Nova Scotia to the Dakotas, south t o

Florida and Arizoi :a, and along the mountains to South.,America . The tree
attains a height of 6o to 90 t'eet . Black cherry was once abundant and of
considerable commercial importance, but the present supply is very small .
Consequently the species can not be expected to be of great importance to
the aircraft industry .

Chestnut (Castanets dentata )

Chestnut is somewhat heavier than spruce and-exceeds it in
hardness, but is lacking in stiffness . The supply is fast being depleted
because of the chestnut blight, so that a continued supply can not b e
expected . The wood frequently contains numerous small worm holes . Chestnut
can be glued satisfactorily . Any considerable use of chestnut for aircraft
is unlikely, although it 'would serve satisfactorily for certain plywoo d
requirements .

'The range is from southern Michigan and the New England State s
southward to Florida and Mississippi . The tree reaches a height of 60 to
100 feet and a diameter of over 2 feet .

Eastern Cottonwood (Populus deltoides )
Northern Black -Cottonwood P. trichocerpa hastata )

Balsam Poplar (P . belsamifera)

Eastern and northern black cottonwood and balsaa1 poplar rank in
strength in the order named. Eastern cottonwood is about the same weight as
spruce and with the exception of shock resistance is lower in the other
properties listed in Table VI . Balsem poplar is deciaedly lower than spruce

. in both weight and strength properties . The wood-dots not split easily in
nailing, however, can be glued satisfactorily, aid bends well . None of these
species can well be considered as a substitute for spruce in wing beams, bu t
all will perhaps serve some purpose in minor parts . They can also be
:considered for plywood .

S



Eastern cottonwood is widely distributed throughout the Unite s
States east of the Rooky Mountains . Under favorable donditien:s it grows
very rapidly. Mature trees attain a height Of 100 feet and over and a
diameter of 2 to 5 feet .

Northern black cottonwood grows from southern Alaska to norther n
California and eastward as far as Idaho and Nevada . The tree under the bes t
conditions attains a height of SO to 125 feet and a diameter of 3 to 4 feet .

Balsam poplar occurs over a vast territory from Alaska to Labrador ,

and southward to Colorado and New 'York . In the United States the best timbe r
.seldom exceeds 30 inches in diameter and 60 or 70 feet in height, although in
.the most favorable sites occasional trunks reach a height of 1 .00. feet and a
diameter of 6 feet .

American Elm (Ulmus .am

American elm, on the average,'is lighter than white ash in weigh t
and is much lower in its strength properties . It can be bent to curved
form exceedingly well and its employment in aircraft largely hinges on th e
need for wood having this property. The wood warps badly, however, .so that
conel-derable care is necessary to hold-it to form while it is being drie d
after having been bent . It may be used for aircraft plywood. Very dense
pieces of American elm have about the same properties as rock elm and may b e
used wherever rock elm is satisfactory .

American elm occurs from southern Newfoundland to the eastern base
of the Rocky Mountains and south to Texas and Florida . Commercially it is
most Important in Michigan, Wisconsin, Indiana, and the lower Mississiup i
Valley. The tree commonly -reaches a height of 100 feet . Occasionally it '
attains a height of 120 feet, and a diameter of 6 feet or more . .

Rock Elm (Ul•mus racemosa )

Rock elm is slightly heavier than ash, is lower in stiffness, an d
higher in shock resistance, in which it excels . It can be bent' to -curved -
form readily and if properly dried after bending can to used in aircraft as
an alternate for ash. Considerably Tore care is-necessary in the oiziginal
seasoning and the drying after bending of rock elm,•*omew<er, in order-to have

-it . remain in shape, since it twists and warps badly when not held firmly .

Rock elm- -odours from eastern•Quebec, through northern New Hampshire
and Vermgnt,_to Mi .gan, Wisconsin, northeastern Nebraska, Missouri ; and
middle Tennessee. It i_ a commercially important chiefly in northeastern
Wisconsin and adJaeertt parts of upper Michigan . The tree occasionally .:reaches
a height of 100 feet and a diameter of 3 feet .
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t Slippery F1m (Ulmus fulva)

Slippery elm averages somewhat lighter than ash and rock elm and i s

lower in its strength properties . Pieces of a density equal to that of rock
elm may be used interchangeably with rock elm . Like the other elms, it can b e

bent to curved form readily and also tends to warp in seasoning and in dryin g

after having been bent .

Slippery elm has about the same range as American elm . It occur s

from southern idewfoundland to South Dakota and southward to the Gulf o f

Mexico . The tree is somewhat smaller than the American elm and reaches a

height of about 70 feet .

Black Gum (Essa syl ;`atica)

Black gum is much heavier than spruce but is lower in stiffness .
Its density is about the same as that of American elm . The grain is inters
locked, and although the wood does not split readily, it tends to warp i n

drying to a greater extent than most of the common hardwoods . It probably
will be but little used in the frames of aircraft, although it is acceptabl e

for plywood . ,

Black gum occurs from central New England to Florida and rest to

Texas and Michigan. It is a water-loving species . On the best sites i t

attains a height of 120 feet and a diameter of 5 feet .

Red Gum (Liouidambar styraciflua )

Red gum is heavier than spruce and higher in its strength
properties, with the exception of stiffness . The grain is interlocked and
the wood tends to warp considerably . Through careful manufacture and
seasoning, however, material that holds its shape satisfactorily can b e

obtained. There is some prospect that carefully quarter-sawed red gum ,
matched for density, may be used for propellers . Studies at the Fores t

Products Laboratory have shown that, as far as permanency of form is con -
terned, red gum seems suitable for propellers if they are properly manufac-
tured and protected from extreme humidity conditions . It is a common veneer
and plywood species .

Red gum occurs from southern Connecticut to southeastern Missour i
and south to Texas and 'Florida . It is most abundant in the lower Mississipp i
Valley. Average mature trees have a height of SO to 120 feet and a diameter
of 1-1/2 to 3 feet . Some mature trees reach diameters of 5 feet or more .

Tupelo Gum (Myssa aquatica )

Tupelo gum is considerably heavier than spruce but is lover i n
stiffness . It seems desirable for aircraft construction only' in the form o f
plywood.

r
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Tupelo gum occurs along the Atlantic and the Gulf coasts from

Virginia to Texas, and Northward along the Mississippi Valley as far a s

southern Illinois . The largest trees are about 100 feet in height and 3 to

1. feet in diameter above the swelled base . The material from the swelle d

butt is characteristically light in weight, brash, and weak .

. Hackbe.rry- (~0'eItis occi►des**is )

Hackberry is lighter than ash, and compares favorably wit)1,•as i .

in shock resistance, although in the other mechanical properties•ita . '

average values are lower . The denser pieces of hackberry may perhaps be

substituted for ash .

Hackberry occurs from New England to Virginia and westward to

North Dakota and Kansan. It is a slender . tree, commonly 50 although

occasionally 100 feet high, and when mature it is from_2 to 3 feet irk

diaaMter .

Pecan Hickories
Bitternut Hickory (Hicoria cordiformis)

Nutmeg Hickory H . myristicaeformis)

Water Hickory OE . aQuatica )

Pecan (H, pecan

The pecan hickories are heavier and more shock resistant than

ash .and yet, in general, they are inferior to the true hickories in thei r

mechanical properties, especially in shock resistance .

Their range and size are in general the same as' those .--of the -

true hickories .

True Hickorie s

Bigleaf Shagbark Hickory (Hicoria laciniosa )

L(ockernut Hickory (H . alba

Pignut Hickory (H.gllahra
Shagbark Hickory (H. ovata)

The true hickories are Quite similar in their properties-and ca m

not be distinguished from one another by the wood alone . These hickorie s

are much heavier than ash, and-are very high . in their strength properties .

The wood is exceedingly tough and in this respect excels all of the other

native species that are commercially available . It is characteristic. of

hickory that the compression failures in bending do 'not -usually . loeal.is,e;

but distribute themselves so that the . material ds+velopn a remarkable

toughness . Hickory, being a very dense wood, shrinks - and swells consider- '

. ., abiz with -eh

	

in. moisture content .
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The true hickories can be substituted in aircraft for ash but
would probably not give auite as good service for the same weight. Hickory
is particularly desirable where great toughness is required .

The hickories. occur over the eastern part of the United States ,
beginning as far west as the states on the west bank of the Mississippi
River . The mature trees are from 100: to 120 feet high and several feet in
diameter. Second-growth material or that from small trees is frequently
considered euperior to that from the mature trees, but tests show that the
density of the wood, as with other species, is the best criterion of
properties .

Black Locust (R6biniaaseudoacacia )

Black locust is a very heavy, strong wood . It shrinks and swell s
but little for its density, having only about half the shrinkage of hickory
for a given moisture reduction . The heart-toad has a high extractive conten t
and is very decay resistant . Black locust Is an excellent species wher e
hardness an the properties just mentioned ere recuire d i but is not likely
to be of importance in aircraft .

Cucumber Magnolia (Ma nolia acuminata)
Evergreen Magnolia O . grandiflora ~
Mountain Ma ;nc,lia (7-7717777--

The three species of magnolia, on which mechanical tests hav e
been made, may be considered together . They are all heavier than spruce ,
cucumber magnolia and evergreen magnolia being considerably so . They all
compare favorably with spruce in their strength properties, and consequentl y
belong to the group of hardwoods that give promise of being good substitute s
for spruce in wing beams and tither aircraft parts, when they are available
in proper size and quantity .

The range of cucumber magnolia extends from western New York to
Alabama and westward to Illinois and Mississippi . The tree is from 60 to
90 feet high and 2 to 4 feet in diameter .

Evergreen Magnolia occurs along the coast region from Nort h
Carolina to Florida and westward to Texas, extending through wester n
Louisiana to Arkansas . Trees gQ feet high and 4 feet in diameter are
occasionally found .

Mountain magnolia grows from southern Virginia and northeaster n
gentucky to northern Georgia and rest and southwest to Tennessee, Alabama ,
and Louisiana. The largest trees are only 30 feet high and 1 foot or more
in diameter .
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Bigleaf Maple (Acer macrophyllum )

Bigleaf maple is about ine same in weight as silver maple and ,
except in shock resistance, is somewhat higher in strength properties . I t
is much lighter and lower in mechanical properties than the sugar maple .
There is probably little use for bigleaf maple in aircraft, except possibl y
for veneer and plywood .

Bigleaf maple occurs from the coast region of southeastern Alaska
to California. It varies greatly in size under different gro^th conditions .
Over most of its ,range bigleaf maple is a small tree averaging about 50 fee t
in height and iS inches in diameter . Under the best conditions it sometime s
attains a height of 100 feet and a diameter of 4o inches or more .

Black Maple (Acer nigrum )
Sugar Maple A . saccharum )

Black maple and sugar maple, which are very similar in thei r
properties, are classed and sold as "hard" maple . They can not b e
distinguished from each other by the rood alone .

These ,two maples are dense, hard, and stiff . They are diffuse
porous, and have a fine, even texture. On account of their hardness an d
resistance to wear they are often used for the faces of plywood . These
species find numerous uses in aircraft manufacture .

Black maple occurs from Quebec westward to northeastern South
Dakota, and southward to a boundary from Missouri to West Virginia. The
range of sugar maple extends from southern Newfoundland to Minnesota and
southward to eastern Texas and northwestern Florida. It is importan t
commercially principally in the Lake States, the Northeast, and th e
Appalachian region . Mature trees ordinarily are from 100 to 120 feet in
height, and from 30 to 4o inches in diameter .

Red Maple (Acer rubrum )

Red maple is somewhat heavier, stiffer, and stronger than silve r
maple but is lower in its mechanical properties than sugar maple . Red maple
could probably be used for propellers but the product would be much softe r
than that made of sugar maple . It is possible that some of the denses t
pieces of red maple have properties similar to sugar maple and can be use d
as such .

Red maple occurs from New Brunswick to Minnesota and south t o
Texas and Florida. The average size of mature trees is about 70 feet in
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height and 2 feet in diameter . Occasionally they attain a height of 10 0

feet wan diameter of 1 feet .

	

_

Silver Maple (Acer aseeharinum)

	

.
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Silver maple, which is much lower in weight &id strengtktha n

sugar maple, lacks the stiffness needed to maim it a satisfactory sidtsti -

tu*,e in aircraft for spruce, and the greater weight is a disadvantage .

It is suitable for plywood where a semihard species is required .

Silver maple occurs from New Brunswick to Minnesota and south-

ward to Arkansas snd Florida. The trees attain a height of 75 to 1PO

feet ands diameter of 2 to 4 feet .

Oregon Myrtle (OMbelhilarta ealrferni*)
.

Oregon myrtle is much heavier than spruce and, although it i s

higher in hardness and shack resistance, it is decidedly lacking in stiff-
ness . It will probably have little use in aircraft construction .

Oregon myrtle occurs in southwestern Oregon and in Caliform4tvw
In general it is not a large tree, but under the most favorable condition s
it grows fmom 60 to SO feet high and from 2-1/2 to 3-1/2 feet in diameter .

D.cky Mountain white 15a17--( -.utahensis )

California black, Oregon white, and:SW..1w Mountain white oak are
decidedly lacking in stiffness and need not be considered for aircraf t
service .

". .:.-I f
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Commercial Red Oak
*Black Oak (uercus velutina )

Laurel Oak (S. laurifolia)

#Fin Oak Q. palustris )

*Red Oak Q. boreali s

*Scarlet Oak (Q . coccinea )

*Southern Red Oak (Q. rubra)

Swamp Red Oak N. rubrapagodaefolia)

Waxer vaK N. nagra)

*Willow Oak (Q,. phones )

Commercial White Oak
*Bur Oak (Quercus macrocarpa)
*Chestnut Oak (C . montana5
*Post Oak (Q., si,ellat a
*Swamp ChestnutOa'Q. prinus )

Swamp White Oak (Q. bicolor) '

*White Oak (Q.alb ;-T-"4--- m
There are over a hundred species, varieties, and hybrids o f

native oak but most of the oak .lumber cut in the United States comes from

the 11 species in the heading that are starred . The various species can b*
divided into two broad groups, the red oaks and the white oaks . S-iee :Ole
oaks are fairly similar in their properties, they will be considere d

collectively .

Commercial red oak is but slightly lower in weight than
commercial white oak and the two groups are unusually similar in strengt h
properties, so that differentiation need not be made for .this reason .
Commercial red oak, however, is less resistant to. decay than white oak and'

responds to moisture changes more rapidly than the white . The hear'tswo!od 'a' .
the white oaks is impervious to liquids, while there is relatively fre e

longitudinal passage in the red oaks .

The oaks are very heavy and hard and are extremely variable in .
their properties . They need not be considered at all as a substitute fo r -
spruce but they do play an important part in propeller manufacture . The .
radial shrinkage is only about one-half of that in the tangential direction .
Hence quarter-sawed material stays in place much better than plain- ;sawed
stock and is more desirable for . propeller. construction .

The southern oaks, particularly when swamp grown, are very difficul t
to dry properly without serious checking, honeycombing, and casehardening ,
They are also reputed to be quite difficult to manufacture, especially t o

' machine . For this reason there has been preference in the trade for upland -
grown oak . The available information, however, shows little differonce as
far as strength )roperties are concerned .
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Taken together, the species under consideration are widel y

distributed throughout the United States east of the Great Plains . The size
of the oaks, of course, vases greatly but at their best they occasionall y
attain a height of 125 feet and a diameter of 6 feet .

Canyon Live Oak (Quercus chrysolepis )

Canon live oak is very heavy and is greatly lacking in stiffnes s
for its weight .

Live Oak (ouercus virginiana)

Live oak is one of the densest native species . Pieces of it s
wood often sink in water, even when air dry . Its shrinkage, however, is no
greater than that of the other oaks, which average much lower in specifi c
gravity. It has remarkable hardness and is ouite tough. Although it can
not be considered from the standpoint of substitution in aircraft for the
commonly used species, its unusual charad eeistics are worthy o f
consideration in connection with special problems .

Live oak occurs along the coast from Virginia to southern Florid a
and to Texas . It is a spreading tree and consequently yields but short logs .
The largest commercial trees may be about 70 feet high and 6 or 7 feet in
diameter .

Pecan (Hicoria pecan)

See the hickories .

Persimmon (Diospyros virginiana )

Persimmon is a dense wood, very high in hardness, and has a fine ,
even texture . It is an excellent rood for uses where toughness and smooth-
ness of wear are reouired, as in shuttles, but is probably of no impor-
tance in aircraft .

It occurs from Connecticut to Kansas and south to Texas and Florida .
Mature trees are usually little over 12 inches in diameter but occasionally
reach a height of 100 feet and a diameter of 2 feet .

Balsam Poplar (Populus ba,lsamifera )

See the cottonwoods . .
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Yellow Poplar (Liriodendron tulipifera)

Yellow poplar is but little heavier than spruce and, althoug h
somewhat low in shock-resisting capacity, it has excellent working oualities ,
ability to retain shape, and freedom from checks and shakes . It presents n o
manufacturing difficulties . Because of these desirable characteristics i t

is regarded as a fairly satisfactory substitute for spruce . It is used very
extensively for plywood .

Yellow poplar occurs in all the states east of the Mississipu i
River except Maine, New Hampshire, Vermont, and Wisconsin, and occurs als o
in Missouri, Arkansas, and Louisiana . With sycamore, it is the larges t

hardwood tree in the United States . Mature trees are from 90 to 180 fee t
in height and from 3 to 8 feet or more in diameter .

Sugarberry (Celtis laevigata )

Sugarberry is considerably heavier than spruce but is lower in
stiffness . In properties it resembles hackberry, to which it is closel y
related . As with hackberry, the denser pieces can be substituted for ash .

Sugarberry occurs from Indiana to Missouri and southward to Texa s
and Florida. The tree is not large .

Sycamore (Platanus occidentalis )

Sycamore is considerably heavier than spruce but, like many o f
the hardwoods, is lower in stiffness . Shakes are very prevalent . Because
of this defect and its low stiffness, sycamore appears to be not suitabl e
for aircraft, except in veneer and plywood where it is often mixed with re d
gum, which has approximately the same properties .

Sycamore occurs from New England to Nebraska and south t o
Louisiana and Florida. It is one of the largest hardwood trees, attainin g
a height of 140 feet . Tree§ several feet in diameter are common and some
over 10 feet have been known.

Black Walnut (Juglans nigra )

Black walnut is an excellent furniture and cabinet wood that ha s
already established a position in aircraft use . It probably is the best
propeller wood of any of the native species, since it has good hardness to
resist wear alai. has excellent ability to retain its share under varyin g
moisture,conditior_s . However, it is not so hard as oak or birch . Its fine ,
even texture, ' excellent appearance, and finishing qualities make i t
suitable for instrument panels and cabinetwork . It serves a number of use s
in aircraft but is not considered as a substitute for spruce .
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Alaska cedar is heavier than spruce, and although the two are

	

•p 1

about equal in stiffness, it is higher in the other mechanical properties . r

Oe additional information available indicates that this cedar is easy to.1 'e ~
Wn dry, moderately good in ability to stay in place, moderately easy t o
glue, and easy to work. The heartwood is highly resistant to decay.

with its limited supply, Alaska cedar is not likely to b e

eonsidored for use in aircraft from the standpoint of special design.. I t

should rather ba expected. to serve as a species supplementary to spruce ,

for substitution in spruce sizes ; the result is somewhat greater strength
at the expense of increased weight . The range of Alaska cedar is confined

to the Pacific Northwest coast region. The trees not uncommonly attain a
diameter of 4 to 5 feet and a height of about 100 feet .

Incense Cedar (Libocedrusdecurrens

I.wcense cedar is somewhat lighter than spruce, and is considerably
lacking in shock resistance and stiffness . It is not available in large
quantities and its use in aircraft would to confined to parts that are no t

highly stressed .

ern !This	 occidentalis )

white cedar is much lighter than spruce, and
responding ly l6, in ell its strength properties . The heartwood'. '

highly decay resistant . Being a comparatively small tree with little clea r
wood, northern white cedar cannot be considered as a possibility for large
or highly stressed parts of aircraft frames .

wort Orford cedar is somewhat heavier than,spruce, and equals or
exceeds the strength properties of spruce . Although not an abundant species ,
this cedar can be obtained in large sizes . The wood has a fine appearance
and presents no manufacturing difficulty . The heartwood is highly resistant
to decay. Because of the rather limited stand and production, the basis of
use should be very similar to that of Alaska cedar ; namely, as a substitute
in aircraft for spruce in spruce sizes .

Alaska Cedar (Cl maec

	

is noatka ens is )
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Port Orford cedar occurs in the coast region from sou iwestew.'
Oregon to California, extending inland about 40 miles; Mature trees air-e-
usually from 3-1/2 to 6 feet in diameter, and from 125 to ISO feet .hieh ;
occasional trees are g feeA in diameter and 20Q feet high .

Western Red Cedar (Thuja plicata )

Western red cedar is considerably lower than spruce• in_soecifi c
gravity and is also lower iaa,stveagth proper es,, .pamttc-ularly in stiffness
and shock re•sistance .. Although a fairly abund nt and durable species, it
can not be used satisfactorily in highly stressed aircraft parts .

Southern Cypress (Taxodium distichum)

Southern cypress is somewhat higher in specific gravity than spruc e
and, on the average, is equal to or better than spruce in strength properties .
Cypress, however, is very high in moisture content when green, and some o f
the material is difficult to dry .- . The heertwood of mature trees is-very
durable . The swelled butte of southern-cypress produce some stock low in
density, which would not be suitable for aircraft use, but selected materia l
offers a possible spruce substitute . Further study of suitable selection
methods should be undertaken, however, before an attempt is made to use it
extensively in aircraft .

Southe g preas occurs in the Atlantic and the Gulf coastal reg&en s
from southern Delaware,t-o Texas, and along the bottom lands of .the Mississippi
and its tributaries to southern Illinois and Indiana . Mature trees attain a
height of 70 to 150 feet, and a diameter of 4 to 10 feet .

Douglas Fir (Pseudotsuga taxifolia )

Douglas fir is one of the few species that exhibit, a noticeabl e
difference in properties with region of growth. Material from the Pacifi c
Coast, in average values, is considerably higher in weight and strength
than that in the Rocky Mountain region, and in addition the tree is muc h
larger, affording clear material in ouantity and in large sizes .

Douglas fir from the Pacific Coast in general is much heavier then
spruce and its strength properties are eoual to or exceed those of spruce ., .
Unlike Sitka spruce, the density of Douglas fir wood shows a significant - . •
decrease with increase in the height of its position in the tree . As a
result the best aircraft stock would come from the tree at a height. of 4o
feet or more . Such material would be slightly lower in average specifi c
gravity and strength properties than the values presented in Table VI, which
are averages .

	

i
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I Douglas fir is more likely to•develop checks in manufacture an d
in service than spruce . It splinters somewhat and consequently is more

difficult to machine than spruce . The net result is that, although Douglas
fir has excellent strength properties, its other characteristics are suc h
that considerable more care in manufacture is required than with spruce .
Douglas fir is not likely to be used extensively for aircraft wing beams a s
long as spruce is available ; it is used, however, for veneer and plywood .

Although Douglas fir grows over a large area in the Test, the so -
called Pacific Coast typo just discussed is confined to the coast regio n
from southern Oregon to British Columbia. It is one of the larges t
commercial trees of the world, being from 3 to 10 feet in diameter and
175 to 300 feet in height .

Douglas fir from the Rocky Mountain region is somewhat heavie r
than spruce . It is generally lower in shock resistance, can not be obtaine d
in large sizes, is decidedly knotty, and hence is not considered a satis-
factory substitute for spruce .

In Idaho and the region immediately around it, however, som e
Douglas fir that is satisfactory for aircraft stock can be obtained .

Alpine Fir (Abies lasiocarpa)

Alpine fir is very low in weight and also in all its strength
properties . Whether some stands contain material that is appreciably
stronger than the specimens tested is not known, but this species sonars
to hold no promise of furnishing stock for highly stressed aircraft parts .

Balsam Fir (Abies balsamea )

Balsam fir is lighter than spruce and is lower in its strength
properties, being particularly deficient in hardness and in shock resistance .
It gives little promise of being a satisfactory aircraft wood .

California Red Fir (Abies magnifies)a

California red fir is the same in average weight as spruce, and
is very similar in its mechanical properties . Little is known of its othe r
characteristics, such as ease of drying, workability, and ease of manufacture .
These factors must be investigated before it can be recommended for aircraf t
service, and proper methods of selection must also be developed .

California red fir grows in California and southern Oregon . It is
commonly from 125 to 175 feet high and from 30 to 50 inches in diameter .
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n II _

Lowland White Fir (Abie; grandis )
Silver Fir (A. amabi].is
White Fir (A. concolor )

Lowland white, silver, and white fir promise -tO furnish but littlea
clear material in sizes thdl . ere suitable fox-aircraft, The r- are . .of
interest chiefly because they may be used for veneer and . plywood . -

Noble Fir (Abies nobilis )

Noble fir is slightly lighter in weight than spruce, and compare s
favorably with spruce in its strength properties . From the strength stand-
point, therefore, noble fir is a possible spruce substitute in aircraft .
.Mature trees are said to yield a high percentage of clear stock . Its use- -
"seems'tohinge on'-its other characteristics, eoncerning-which additiona l
information is needed . These characteristics include methods of drying and
handling, methods of selection, tendency for checks to develop.,-workabil.ity ,
ease of drying, and-facility of manufacture .

Noble fir is found in Washington, Oregon., and California. Large
trees are from 140 to 200 feet in height ; and from 30 to 60 inches-i n
diameter .

Eastern Hemlock (Tsuga cenadensis )

Eastern hemlock compares favorably in-weight and in-strength '
properties with Sitka, spruce, but because of its other characteristics_ i t
need not be considered for aircraft, although it is a much used lumbe r
and timber species . The amawnt of clear lumber in large'•e.izee i s
relatively small .

5untaui .r~ .Hembock (Taus. merte.nti.e*)

The average weight of mountain,,hemlock is .muchgreater than that
of spruce . Although this species exceeds spruce .in most of its strength
propertie it can not be regarded of importance as an aircraft woo d
because of its limited supply and the-inaccessibility of-•its-ptands .

Western Hemlock (Tsuga hetero'hylla )

Western hemlock is slightly-heavier than spruce, and equals or' -
•exceeds that species-in its strength properties, although it is somewha t
leas'•un-ifett in texture than spruce : Studies at the Forest Products -
Laboratory show that it, can he kiln. dried and. Merl aatie aotori-lye. Weetern
hemlock is an abundant species . The trees, however, are not so large as- -
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spruce and have a-lower percentage of clear material, and hence the

percentage of material that will meet aircraft regairements is smaller .

than that of spruce . Yet, all things considered, it shdu'ld be 'regarde d

as a possible substitute in aircraft for snrucel r4n spruce sizes . It is
S Y

. now used for veneer and plywood.

	

,

	

r

	

,• "{

	

Western hemlock grows from; . `

	

Montana and northern

Idaho to Alaska and along the coast tern e'alie }Cascades to California .

Under favorable growth conditions the t e O

	

.

	

a height of 210 fee t

and a diameter of 3 or 44 feet . Larger treat found, but those over 5
feet in diameter are rare .

Western Larch (Larix occidentalis)

The average weight of western larch exceeds that of spruce, and

the wood is also higher in its strength properties . The material from the

lower portion of the trees contains a gum called galactan, which add s

greatly to the weight . Four to eight feet of the lower portion of the tree

is often discarded because of weight and the prevalence of shakes . Western

larch, like some of the dense softwoods, exhibits a large variation i n
properties, and there is evidence of considerable difference in material

from different sites . Although this larch is high in strength properties ,

it seems not feasible to use the species for aircraft, in view of the

supply of more suitable woods .

Jack Pine (Pinus banksiana )

Jack pine is slightly heavier than spruce, and is especially
lacking in stiffness . The tree is relatively small and does not appear t o
be a promising aircraft material ■

Jeffrey Pine tPinus ieffreyi )

Jeffrey pine is about the same weight as spruce but it is lacking
in stiffness and shock resistance . It is not an abundant species and show s
no especial suitability for aircraft .

Lodgepole Pine (Pinus contorta)

Lodgepole pine is very similar in weight to spruce but is slightly
lower in most of its properties and is particularly lacking in shoc k
resistance . Only about 20 percent of the trees are large enough for saw
timber and the abundance of small knots makes it difficult to obtain muc h
clear stock . Consequently it is . not likely-that lodgepole pine will be
used for aircraft .
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t
Northern White Pine (Pines strobus )

Northern white pine is somewhat lighter than spruce and lower in

its strength properties, particularly in hardness and shock resistance . I t

has an,enviable reputation as a. wood that is .uniform in properties, stays in

place well, presents no -manufacturing difficulties, seasons easily, and ma y

be glued satisfactorily . Northern white pine is recommended for aircraf t

service ; although it could perhaps be used in spruce sizes better practic e

would probably be to redesign because of the slightly lower design values o f

strength. With a little additional care in selection, however, it coul d

perhaps be used in spruce sizes .

The range of northern white pine extends from Canada into th e

Great Lakes States and the New England States and south in the Appalachian s

as far as northern Georgia . The virgin timber is usually 3 feet or more i n

diameter and attains a height of 100 feet or more . Intensive logging ha s
made heavy inroads on the virgin supply of this wood, however, and the whit e

"pine blister rust threatens its future, growth . The supply of suitable stoc k

is not large enough to develop the use to the extent that its desirabl e

properties would otherwise permit .

Norway Pine (Pinus resinosa )

Norway pine is considerably heavier than spruce and is .higher An.

its strength properties . The w* is more resinous than that of the whit e

pines and the summerwood is more "pronounced . . Experiments show that it can

be kiln dried satisfactorily . Although Norway pine can be eafely=used in .
aircraft in spruce- sizes at the expense of the additional weight that will

then result, ite considerably higher properties indicate that best result s

would be obtained from special design .

Its range is from New.Brunswick to Manitoba and south to

Minnesota and West Virginia . The - tree reaches a height of 90 feet or mor e

and a diameter of about 3 feet .

Loblolly Pine (Pinus taeda)
Longleaf Pine (P . pa ustris )
Mountain Pine (P . pun

	

ns)

Pitch Pine (P . rigida)

Pond Pine (P. rigida serotina)

Sand Pine (P . clausa)

.Shortleaf Pine (P . echinata)
Hash Pine (P . caribaea

The southern yellow pines, in general, are extremely resinous, . - ,
with a pronounced summerwood that is very dense . The southern yellow pines
as a whole are from 35 to 70 percent heavier than spruce and are mph hike`, ,

Southern Yellow Pine s

,
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than spruce in strength; Table VI presents a detailed ceMparison . Althcaigh
11 PN ' they have excellent properties, they are not so strop for their weight d e

1

	

some of the other pines .
III ,

Individual pieces of any of the southern yd,llft pine SWIMS
exhibit a large range in density and properties . Any material for aircral t

,,wing beams from the southern yellow pines is most likely to come from the
lighter weight, slow-growth stock . however, even this l i ghter *eight

1 1-' material, such as that represented in the trade by n Ai,ka.nett soft pine, "-
would have difficulty in competing with the other species that are possible

	

111 J,c

	

l substitutes .
-,11 f

Llr .i'

	

The touthern yellow pines grow in the Atlantic Coast and the Gulf
I '0'7E1 Coast regions from New Jersey to Texas, and in the lower Mississippi Rive r

0-raihage area. They again a height of 50 to over l qi - Oot .01d. A diameter of

	

,

	

15 t 1$ inhe toc .
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Sugar P i- h (Pincus lambertial'ia

	

4

	

')
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1

.

_ -''''2"mw Sugar pine is lighter than spruce and is letter lit ite strength
ti" _ properties, particularly shock resistance and stiffnett . ft Can be w

	

t' J

	

satisfactorily and stays in place quite well, ap-oreaching to some extent
Or ,_ the desirable charaCterittioe of northern white pine . tagat' tine is not 60

	

.1-l

	

easy to season as spruce or white pine . It has a relatiVely M% Moisture

	

_1L :
..

	

_content when green and consequently atte mp ts to hasten bead0hirIgbY highI L

	

, - iL.

	

temperatures must be avoided . The strength properties are tote -10W to permi
t r- its use in aircraft in s-oruoe sizes, but the tpedidtdose offer : possibility+'

Afar use through special design .
L., 114

	

3E
Sugar pine occurs in the mountain regions of antitheft C4*OgOn An d

	

. . .1rc

	

California. It is most abundant and readhei its beet 4ewolopmelit it th e
Siertat . The trees attain large sizes, heights of MO feet or more an d

	

1

	

diaMeters of 6 feet being common.

Western white pine is about the state =weight as 001.10, but is
slightly lower in shock resistance and much lower in hardheeb . IttperiMent s
at the POrest Produr:ts Laboratory show that *astern white Bite *Aft he kil n
dried without damage to the strength properties . It presents

	

rtl'ctlar
manufacturing difficulties and stays in place suite eatiefattetily . This
species could probably be substituted in aircraft for Spr'Uee it tpr*tt Sites
but, as with northern white pine, better practice woad . be to rededign.

The range extends rrtA Southern British Columbia to etetet n
Montana and south along the Cascades and Sierras tb tentral 'California ; the '
region of greatest importance is the Panhandle Of Idaho and the A&jaeh t
parts of Washington and Montana . Mature trees of Western white -pine
frequently reach Alights of .1e0 to 150 feet and diaMetert of 5 feet Ot 4*te .

;-
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Pohderosial Pine :()oosa)
c

Altho a;, ; aderosa pine is slightly heavier than spruce, it i s
3sO ~So er in Its strength properties•; being particularly deficient in shoc k
kistance and ii stiffness . The a is more variable than that of the

Mite pines and 1n - nne•yuencaaari

	

ma thGds of selection are perhap s
somewhat less rel:ia'Q than foil' many of the other woods . Although it presents
np .si(IZious•manuf1ectfrng difi% ties, and can be glued satisfactorily, its
lkat l4ty: ,and inclination to brashness Ata'ke--its use as a spruce substitut e

D-atRcra(t., very-aues:tionable inlesls t;hs use is .based on acceptance tests ,

11

such as the toughnese-test method .

Ponderosa pine occurs from Itritiek LoI-a and the atk Hill s
sbnxthi 14 in the pacific and Rocky Mountain negLpa - ter

	

'tern Texas and
Mexico. The tree attains a height of 100 to 300 feet -s a diameter of 6'
feet, a ld occasionally more .

,1 1

Redwcaad (eouoiervi re,is )
~•v t

	

~A!

	

®E ~!9l~Q '

Redwood is considerably howler that, spruce and is about equal
tie--or exceeds spruce in its etsangth properties . Although redwood shrinks

d swells but little with change in-moisture, it is difficult to season ,
p tict''Larl.y the material fro43 the lo r part- of the tree . Redwood is some-
what--more variable than many of the other species... Tke. depth of the sapwood
is re•lativelyr small. The heartwood co'irtain's cow oa_nbsl• soluble in cold water ,
01tch are called extractivss, and which may add_lts-much as 12 or 15 percen t
to• the weight but do not increase all the stresrvM properties as a like
amount of wood substance . would increamle them. This dpi-ciency is particu-
larly

	

apparent in shook , 'esisItahee . 'Redi(rss , in. ark-aaseasoned con-
dition, exhibits strength properties '(except s4 'k a6 il-t0)-that are
generally high for its weight, but .j_esss igye +e~ @ iRi ~lsr° -

	

f

	

r'

seasoning than is normal for most '-*Dods . The hsrartvr*ad• 's Very s 'eca r
resistant . Because of variability, drying difficu.lt3;esw and the likelih r
of obtaining brash material, it appears• that redwood is not a desirable
spruce substitute in aircra 't .

The range of redwood is try' bt, being confin '-

	

ncipally '
to Humboldt, Mendocinc, and Del Noe- Counti€s of California . ,k eaage
mature trees are from-200 to 300 fae;t in•heiOt a fraorn4- t[ n-feet in
diameter . Much larger trees are not uncommon .

	

-

Black Spruce (Picea mariana )

Black apruce is slightly heavier then 5itka spruce, but is similar
strength . The trees attain a height of 40 to 80 feet and a diameter Of

1 tb 2 feet . . The supply is not largerand-, since the- reantity of clear shock
in suitable sizes is small, the species is not of enough importance commer-
cially to warrant consideration for aircraft use .
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t Engelmann Spruce (Picea engelmannii )

Engelmann spruce, as found in the Rocky Mountain region of th e
United States, is much lighter than Sitka spruce and is very decidedly lowe r
in its several strength properties . This material, if considered at all for
aircraft, would necessitate redesign, which would involve beam sizes
considerably larger than those required for Sitka spruce . There is evidence ,

however, that Engelmann spruce is one of the species that show a difference
in properties for different parts of their ranges . Material from the more
favorable sites in British Columbia appears to be much denser and higher i n
strength than that from the lower Rocky Mountaip region, and appears to be
very similar to Sitka spruce in these properties . As the necessity fo r

substitutes for Sitka spruce in aircraft develops, special consideration ca n
well be given Engelmann spruce from the more favorable part of its rang e
and studies should be made to appraise its suitability more definitely .

The range is from Yukon and British Columbia to southern Oregon
and through the Rocky Mountains into New Mexico and Arizona. The tree i s
usually from 60 to 100 feet in height, although at high altitudes it may
resemble a mere shrub . The diameter ranges up to about 36 inches but in
most cases it is much less .

Red Spruce (Picea rubra )
Sitka Spruce ? . sitchensis )
Tate Spruce (P. g Cauca

Although these three spruces are similar in their properties an d
may be used interchangeably for aircraft parts, Sitka spruce, because of
its large size, availability, and proportion of clear Stock in suitable sizes ,
is far more important than red or white and is the chief source of supply .

Red, Sitka, and white spruce possess excellent strength properties ,
with a high ratio of strength to weight . They are relatively easy to season,
can be glued with facility, and present no manufacturing difficulties . As a
result they serve very satisfactorily for the highly stressed parts o f
aircraft frames and find extensive use in wing beams . They are considered
the standard of comparison for suitability .

Red spruce is, found in eastern Canada and the eastern United States
from New Brunswick as far south as North Carolina . It reaches a height of
70 to 100 feet and a diameter of 2 to 3 feet .

Sitka spruce occurs in a strip along the Pacific Coast fro m
northern California to Alaska and usually is not found more than 40 mile s
inland . The trees are ordinarily from 80 to 125 feet in height and 3 to 6
feet in diameter . Larger trees, which are not uncommon,_ reach a height o f
186 feet and a diameter of 12 feet .
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t
White spruce grows from Alaska to Quebec and southward to Montana

and West Virginia . The largest trees are 100 feet in height and 3 feet i n
diameter, but most white spruce trees are smaller .

~P'amarac (Larix laricina )

Tamarack is much heavier than spruce, and is higher in strength .

This species would probably furnish little clear material and need not b e

considered for aircraft use .

CONCLUSIONS

The chief merits of wood for aircraft construction are a high
ratio of strength to weight ; an inherent lightness in weight, which for a
given-depth of member permits considerable width to afford lateral stabilit y
against buckling ; the ease with which it can be manufactured and assembled ,
and for the same reason, the ease with which it may be repaired without
special equipment ; its relative cheapness ; the adaptability to both large-
scale and small-scale production ; the ease with which it may be glued an d
spliced; and the adaptability to close design with which is included perfec t
freedom in the determination of sizes of parts, without the handicap of
manufacturing difficulties or standardized sizes .

The studies at the Forest Products Laboratory of standard shapes ,
effect of form on strength and stiffness, stability of thin, outstanding
flanges, factors affecting strength, properties of different species b and
methods of selection have yielded extensive and rather complete informatio n
covering the use of wood in aircraft . The detailed knowledge of thes e
factors has placed airplane design with wood on an excellent basis of
reliability .

Although relatively few species are now used in aircraft production ,
there are in addition a very considerable number from which further choice may
be made . , In general, such additional species fall into three classes : (1 )
Species that have properties and characteristics similar to woods now used
and that maybe substituted directly for them (such direct substitution ma y
involve, in some cases, an increase in the minimum specific gravity limitation
over that given in Table I) ; (2) species that may be considered on the basi s
of special design ; (3) species that seem suitable from the standpoint of
strength, but on which additional information relating to selection and
manufacture are desired. Chief among the species that may be considere d
along with red, Sitka, and white spruce for highly stressed parts, such a s
wing beams, are Alaska cedar, Pert Orford cedar, southern cypress, Douglas fir ,
noble fir, western hemlock, northern white pine, Norway pine, sugar nine ,
western white pine, yellow poplar., and Engelmann spruce .
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