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PREFACE

This book was written primarily for students of forestry to whom a
knowledge of the technical properties of wood is essential. The
mechanics involved is reduced to the simplest terms and without
reference to higher mathematics, with which the students rarely are
familiar. The intention throughout has been to avoid all unnecessarily
technical language and descriptions, thereby making the subject-
matter readily available to every one interested in wood.

Part | is devoted to a discussion of the mechanical properties of
wood—the relation of wood material to stresses and strains. Much of
the subject-matter is merely elementary mechanics of materials in
general, though written with reference to wood in particular. Numerous
tables are included, showing the various strength values of many of
the more important American woods.

Part Il deals with the factors affecting the mechanical properties of
wood. This is a subject of interest to all who are concerned in the
rational use of wood, and to the forester it also, by retrospection,
suggests ways and means of regulating his forest product through
control of the conditions of production. Attempt has been made, in the
light of all data at hand, to answer many moot questions, such as the
effect on the quality of wood of rate of growth, season of cutting,
heartwood and sapwood, locality of growth, weight, water content,
steaming, and defects.

Part ll describes methods of timber testing. They are for the most part
those followed by the U.S. Forest Service. In schools equipped with
the necessary machinery the instructions will serve to direct the tests;
in others a study of the text with reference to the illustrations should
give an adequate conception of the methods employed in this most



important line of research.

The appendix contains a copy of the working plan followed by the
U.S. Forest Service in the extensive investigations covering the
mechanical properties of the woods grown in the United States. |t
contains many valuable suggestions for the independent investigator.
In addition four tables of strength values for structural timbers, both
green and air-seasoned, are included. The relation of the stresses
developed in different structural forms to those developed in the small
clear specimens is given.

In the bibliography attempt was made to list all of the important
publications and articles on the mechanical properties of wood, and
timber testing. While admittedly incomplete, it should prove of
assistance to the student who desires a fuller knowledge of the
subject than is presented here.

The writer is indebted to the U.S. Forest Service for nearly all of his
tables and photographs as well as many of the data upon which the
book is based, since only the Government is able to conduct the
extensive investigations essential to a thorough understanding of the
subject. More than eighty thousand tests have been made at the
Madison laboratory alone, and the work is far from completion.

The writer also acknowledges his indebtedness to Mr. Emanuel Fritz,
M.E., M.F., for many helpful suggestions in the preparation of Part |;
and especially to Mr. Harry Donald Tiemann, M.E., M.F., engineer in
charge of Timber Physics at the Government Forest Products
Laboratory, Madison, Wisconsin, for careful revision of the entire
manuscript.

SAMUEL J. RECORD.
YALE FOREST SCHOOL, July 1, 1914.
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PART I
THE MECHANICAL
PROPERTIES OF WOOD

INTRODUCTION

The mechanical properties of wood are its fitness and ability to resist
applied or external forces. By external force is meant any force
outside of a given piece of material which tends to deform it in any
manner. It is largely such properties that determine the use of wood
for structural and building purposes and innumerable other uses of
which furniture, vehicles, implements, and tool handles are a few
common examples.

Knowledge of these properties is obtained through experimentation
either in the employment of the wood in practice or by means of
special testing apparatus in the laboratory. Owing to the wide range
of variation in wood it is necessary that a great number of tests be
made and that so far as possible all disturbing factors be eliminated.
For comparison of different kinds or sizes a standard method of
testing is necessary and the values must be expressed in some
defined units. For these reasons laboratory experiments if properly
conducted have many advantages over any other method.

One object of such investigation is to find unit values for strength and
stiffness, etc. These, because of the complex structure of wood,
cannot have a constant value which will be exactly repeated in each



test, even though no error be made. The most that can be
accomplished is to find average values, the amount of variation
above and below, and the laws which govern the variation. On
account of the great variability in strength of different specimens of
wood even from the same stick and appearing to be alike, it is
important to eliminate as far as possible all extraneous factors liable
to influence the results of the tests.

The mechanical properties of wood considered in this book are: (1)
stiffnress and elasticity, (2) tensile strength, (3) compressive or
crushing strength, (4) shearing strength, (5) transverse or bending
strength, (6) toughness, (7) hardness, (8) cleavability, (9) resilience. In
connection with these, associated properties of importance are
briefly treated.

In making use of figures indicating the strength or other mechanical
properties of wood for the purpose of comparing the relative merits of
different species, the fact should be borne in mind that there is a
considerable range in variability of each individual material and that
small differences, such as a few hundred pounds in values of 10,000
pounds, cannot be considered as a criterion of the quality of the
timber. In testing material of the same kind and grade, differences of
25 per cent between individual specimens may be expected in
conifers and 50 per cent or even more in hardwoods. The figures
given in the tables should be taken as indications rather than fixed
values, and as applicable to a large number collectively and not to
individual pieces.

FUNDAMENTAL CONSIDERATIONS
AND DEFINITIONS



Study of the mechanical properties of a material is concerned mostly
with its behavior in relation to stresses and strains, and the factors
affecting this behavior. A stress is a distributed force and may be
defined as the mutual action (1) of one body upon another, or (2) of
one part of a body upon another part. In the first case the stress is
external; in the other internal. The same stress may be internal from
one point of view and external from another. An external force is
always balanced by the internal stresses when the body is in
equilibrium.

If no external forces act upon a body its particles assume certain
relative positions, and it has what is called its natural shape and size.
If sufficient external force is applied the natural shape and size will be
changed. This distortion or deformation of the material is known as
the strain. Every stress produces a corresponding strain, and within
a certain limit (see elastic limit, page 5) the strain is directly
proportional to the stress producing it1 The same intensity of stress,
however, does not produce the same strain in different materials or in
different qualities of the same material. No strain would be produced
in a perfectly rigid body, but such is not known to exist.

Stress is measured in pounds (or other unit of weight or force). A unit
stress is the stress on a unit of the sectional area.

P
( Unit stress = - )
A

For instance, if a load (P) of one hundred pounds is uniformly
supported by a vertical post with a cross-sectional area (A) of ten
square inches, the unit compressive stress is ten pounds per square
inch.



Strain is measured in inches (or other linear unit). A unit strain is the
strain per unit of length. Thus if a post 10 inches long before
compression is 9.9 inches long under the compressive stress, the
total strainis 0.1 inch, and the unit strainis

/I 0.1
--- = -——--=0.01 inch per inch of length.
L 10

As the stress increases there is a corresponding increase in the
strain. This ratio may be graphically shown by means of a diagram or
curve plotted with the increments of load or stress as ordinates and
the increments of strain as abscissae. This is known as the stress-
strain diagram. Within the limit mentioned above the diagram is a
straight line. (See Fig. 1.) If the results of similar experiments on
different specimens are plotted to the same scales, the diagrams
furnish a ready means for comparison. The greater the resistance a
material offers to deformation the steeper or nearer the vertical axis
will be the line.
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Figure 1

Stress-strain diagrams of two|
longleaf pine beams. E.L. = elastic|
limit. The areas of the triangles|
O(EL)A and O(EL)B represent the
elastic resilience of the dry and
igreen beams, respectively.

There are three kinds of internal stresses, namely, (1) tensile, (2)
compressive, and (3) shearing. When external forces act upon a
bar in a direction away from its ends or a direct pull, the stress is a
tensile stress; when toward the ends or a direct push, compressive



stress. In the first instance the strain is an elongation; in the second a
shortening. Whenever the forces tend to cause one portion of the
material to slide upon another adjacent to it the action is called a
shear. The action is that of an ordinary pair of shears. When riveted
plates slide on each other the rivets are sheared off.

These three simple stresses may act together, producing compound
stresses, as in flexure. When a bow is bent there is a compression of
the fibres on the inner or concave side and an elongation of the fibres
on the outer or convex side. There is also a tendency of the various
fibres to slide past one another in a longitudinal direction. If the bow
were made of two or more separate pieces of equal length it would
be noted on bending that slipping occurred along the surfaces of
contact, and that the ends would no longer be even. If these pieces
were securely glued together they would no longer slip, but the
tendency to do so would exist just the same. Moreover, it would be
found in the latter case that the bow would be much harder to bend
than where the pieces were not glued together—in other words, the
stiffness of the bow would be materially increased.

Stiffness is the property by means of which a body acted upon by
external forces tends to retain its natural size and shape, or resists
deformation. Thus a material that is difficult to bend or otherwise
deform is stiff, one that is easily bent or otherwise deformed is
flexible. Flexibility is not the exact counterpart of stiffness, as it also
involves toughness and pliability.

If successively larger loads are applied to a body and then removed it
will be found that at first the body completely regains its original form
upon release from the stress—in other words, the body is elastic. No
substance known is perfectly elastic, though many are practically so
under small loads. Eventually a point will be reached where the
recovery of the specimen is incomplete. This point is known as the
elastic limit, which may be defined as the limit beyond which it is



impossible to carry the distortion of a body without producing a
permanent alteration in shape. After this limit has been exceeded, the
size and shape of the specimen after removal of the load will not be
the same as before, and the difference or amount of change is known
as the permanent set.

Elastic limit as measured in tests and used in design may be defined
as that unit stress at which the deformation begins to increase in a
faster ratio than the applied load. In practice the elastic limit of a
material under test is determined from the stress-strain diagram. It is
that point in the line where the diagram begins perceptibly to curve 2

(See Fig. 1))

Resilience is the amount of work done upon a body in deforming it.
Within the elastic limit it is also a measure of the potential energy
stored in the material and represents the amount of work the material
would do upon being released from a state of stress. This may be
graphically represented by a diagram in which the abscissae
represent the amount of deflection and the ordinates the force acting.
The area included between the stress-strain curve and the initial line
(which is zero) represents the work done. (See Fig. 1.) If the unit of
space is in inches and the unit of force is in pounds the result is inch-
pounds. If the elastic limit is taken as the apex of the triangle the area
of the triangle will represent the elastic resilience of the specimen.
This amount of work can be applied repeatedly and is perhaps the
best measure of the toughness of the wood as a working quality,
though it is not synonymous with toughness.

Permanent set is due to the plasticity of the material. A perfectly
plastic substance would have no elasticity and the smallest forces
would cause a set. Lead and moist clay are nearly plastic and wood
possesses this property to a greater or less extent. The plasticity of
wood is increased by wetting, heating, and especially by steaming
and boiling. Were it not for this property it would be impossible to dry
wood without destroying completely its cohesion, due to the



irregularity of shrinkage.

A substance that can undergo little change in shape without breaking
or rupturing is brittle. Chalk and glass are common examples of
brittle materials. Sometimes the word brash is used to describe this
condition in wood. A brittle wood breaks suddenly with a clean
instead of a splintery fracture and without warning. Such woods are
unfitted to resist shock or sudden application of load.

The measure of the stiffness of wood is termed the modulus of
elasticity (or coefficient of elasticity). lt is the ratio of stress per unit
of area to the deformation per unit of length.

unit stress
E=
unit strain

It is a number indicative of stiffness, not of strength, and only applies
to conditions within the elastic limit. It is nearly the same whether
derived from compression tests or from tension tests.

A large modulus indicates a stiff material. Thus in green wood tested
in static bending it varies from 643,000 pounds per square inch for
arborvitee to 1,662,000 pounds for longleaf pine, and 1,769,000
pounds for pignut hickory. (See Table IX.) The values derived from
tests of small beams of dry material are much greater, approaching
3,000,000 for some of our woods. These values are small when
compared with steel which has amodulus of elasticity of about
30,000,000 pounds per square inch. (See Table I.)

[ TABLE | |




COMPARATIVE STRENGTH OF IRON, STEEL, AND WOOD ||

Modulus
of .. || Tensile |Crushing Modulus
S elasticity strength|| strength of
MATERIAL | >F in 9 9N rupture
gr-dry bending
Lbs. per ||Lbs. per| Lbs. per ||Lbs. per
sq. in. sq.in. | sq.in. sq. in.
Castiron,
cold blast 7.1 ||17,270,000| 16,700 || 106,000 || 38,500
(Hodgkinson)
Bessenger
steel,high | 7 8 |l59 215,000 88,400 | 225,600
grade
(Fairbain).
Longleaf
pine, 3.5% | &3 | 2,800,000 13,000 || 21,000
moisture
(US.)
Redspruce,
0,
3.5% 41 (1,800,000 8,800 || 14,500
moisture
(US.)
Pignut
hickory, 3.5% | g5 | 2 370,000 11130 | 24,000
moisture
(US.)

NOTE.—Great variation may be found in different samples of
metals as well as of wood. The examples given represent
reasonable values.




TENSILE STRENGTH

Tension results when a pulling force is applied to opposite ends of a
body. This external pull is communicated to the interior, so that any
portion of the material exerts a pull or tensile force upon the
remainder, the ability to do so depending upon the property of
cohesion. The result is an elongation or stretching of the material in
the direction of the applied force. The action is the opposite of
compression.

Wood exhibits its greatest strength in tension parallel to the grain, and
it is very uncommon in practice for a specimen to be pulled in two
lengthwise. This is due to the difficulty of making the end fastenings
secure enough for the full tensile strength to be brought into play
before the fastenings shear off longitudinally. This is not the case with
metals, and as a result they are used in almost all places where
tensile strength is particularly needed, even though the remainder of
the structure, such as sills, beams, joists, posts, and flooring, may be
of wood. Thus in a wooden truss bridge the tension members are
steel rods.

The tensile strength of wood parallel to the grain depends upon the
strength of the fibres and is affected not only by the nature and
dimensions of the wood elements but also by their arrangement. It is
greatest in straight-grained specimens with thick-walled fibres. Cross
grain of any kind materially reduces the tensile strength of wood,
since the tensile strength at right angles to the grain is only a small
fraction of that parallel to the grain.

[ TABLE Il |




RATIO OF STRENGTH OF WOOD IN TENSION ||
AND IN COMPRESSION

(Bul. 10, U. S. Div. of Forestry, p. 44)

A stick 1
Ratio: square inch in
KIND R= cross section.
OF Tensile strength Weight
WOOD | e - required to—
compressive strength| pui [ crush
apart ||lendwise
Hickory 3.7 32,000( 8,500
Elm 3.8 29,000( 7,500
|Larch 2.3 19,400| 8,600
Longleaf 22 17,300 7,400
Pine

NOTE.—Moisture condition not given.

Failure of wood in tension parallel to the grain occurs sometimes in
flexure, especially with dry material. The tension portion of the fracture
is nearly the same as though the piece were pulled in two lengthwise.
The fibre walls are torn across obliquely and usually in a spiral
direction. There is practically no pulling apart of the fibres, that is, no
separation of the fibres along their walls, regardless of their
thickness. The nature of tension failure is apparently not affected by
the moisture condition of the specimen, at least not so much so as the

other strength values 2

Tension at right angles to the grain is closely related to cleavability.
When wood fails in this manner the thin fibre walls are torn in two
lengthwise while the thick-walled fibres are usually pulled apart along



the primary wall.

TABLE Il

TENSILE STRENGTH AT
RIGHT ANGLES TO THE
GRAIN OF SMALL CLEAR
PIECES OF 25 WOODS IN
GREEN CONDITION

(Forest Service Cir. 213)

When When
surface

surface

of of failure
COMMON | failure is
NAME OF is .
SPECIES | radial f2n9ential
Lbs.

Lbs. per
per sq. :
inch sq. inch

Hardwoods

Ash, white 645 671
Basswood 226 303
Beech 633 969
Birch, yellow|| 446 526
Elm, 765 | 832
slippery

Hackberry 661 786
Locust, 1133 || 1,445

honey




Maple,

sugar 610 864

Oak, post 714 924
red 639 874

Wﬁi‘i‘f’“p 757 909
white 622 749
yellow 728 929

Sycamore 540 781

Tupelo 472 796
Conifers

Arborvitee 241 235

Cypress,

b;’l’(’j 242 251
{|Fir, white 213 304
{[Hemlock 271 323
IF; ':;éaf 240 | 298
red 179 205
sugar 239 304
ye"l‘l’;fvtem 230 | 252
white 225 285

Tamarack 236 274




COMPRESSIVE OR CRUSHING
STRENGTH

Compression across the grain is very closely related to hardness
and transverse shear. There are two ways in which wood is subjected
to stress of this kind, namely, (1) with the load acting over the entire
area of the specimen, and (2) with a load concentrated over a portion
of the area. (See Fig. 2.) The latter is the condition more commonly
met with in practice, as, for example, where a post rests on a
horizontal sill, or a rail rests on a cross-tie. The former condition,
however, gives the true resistance of the grain to simple crushing.]

e

Figure 2



|Compression across the grain. |

The first effect of compression across the grain is to compact the
fibres, the load gradually but irregularly increasing as the density of
the material is increased. If the specimen lies on a flat surface and the
load is applied to only a portion of the upper area, the bearing plate
indents the wood, crushing the upper fibres without affecting the lower
part. (See Fig. 3.) As the load increases the projecting ends
sometimes split horizontally. (See Fig. 4.) The irregularities in the
load are due to the fact that the fibres collapse a few at a time,
beginning with those with the thinnest walls. The projection of the ends
increases the strength of the material directly beneath the
compressing weight by introducing a beam action which helps
support the load. This influence is exerted for a short distance only.

Figure 3

Side view of failures in|
compression across the grain,
showing crushing of blocks under|
bearing plate. Specimen at right
shows splitting at ends.




Figure 4

End view of failures in
compression across the grain,

showing splitting of the ends of the|
est specimens.

TABLE IV

RESULTS OF COMPRESSION
TESTS ACROSS THE GRAIN ON
51 WOODS IN GREEN
CONDITION, AND COMPARISON
WITH WHITE OAK

(U. S. Forest Service)

Fiber
stress
in per

Fibre stress || cent of
at elastic limit| white
E?MME’E‘_ perpendicular|| oak, or




FINAVIL VT H
to grain 853
SPECIES pounds
per sq.
in.
Lbs. per sq. Per
inch cent

Osage 2260 265.0
orange

| Honey 1,684 1975
locust
Black 1426 167.2
locust

{[Post oak 1,148 134.6
Pigrut 1142 133.9
hickory
Water 1,088 1275
hickory
Shagbark 1,070 1255
hickory
Mockemut|| 4 15 11856
hickory
Big
shellbark 997 116.9
hickory
Bitternut 986 115.7
hickory
Nutmeg 938 110.0
hickory

{[Yellow oak 857 100.5




||White oak 853 100.0 ||
{[Bur oak 836 98.0
White ash 828 97 1
||Red oak 778 91.2
Sugar 742 87.0
maple
{[Rock elm 696 81.6
|[Beech 607 712
Slippery 599 70.2
elm
||Redwood 578 67.8
Bald 548 64.3
cypress
Red 531 623
maple
{[Hackberry 525 61.6
Incense 518 608
cedar
{[Hemlock 497 58.3
{L."”g'eaf 491 576
pine
Tamarack 480 56.3
Silver 456 535
||maple
Yellow
birch 454 53.2
Tupelo 451 529




e 444 52.1
cherry
Sycamore 433 50.8
||Douglas fir| 427 50.1
Cucumber 408 478
tree
F.m”'eaf 400 46.9
pine
[Red pine 358 420
F.”gar 353 411
pine
[White elm 351 412
Western
yellow 348 40.8
pine
|{L?dgep°'e 348 408
pine
[Red 345 405
spruce
White pine 314 36.8
|[Engelman 290 34.0
spruce
Arborvitee 288 33.8
||Largetooth 269 315
aspen
White 262 307
spruce
||[Butternut 258 30.3

=Y




PO 210 24.6
(yellow) ‘ )
Basswood 209 245
Black 193 226
willow

When wood is used for columns, props, posts, and spokes, the
weight of the load tends to shorten the material endwise. This is
endwise compression, or compression parallel to the grain. In the
case of long columns, that is, pieces in which the length is very great
compared with their diameter, the failure is by sidewise bending or
flexure, instead of by crushing or splitting. (See Fig. 5.) A familiar
instance of this action is afforded by a flexible walking-stick. [f
downward pressure is exerted with the hand on the upper end of the
stick placed vertically on the floor, it will be noted that a definite
amount of force must be applied in each instance before decided
flexure takes place. After this point is reached a very slight increase
of pressure very largely increases the deflection, thus obtaining so
great a leverage about the middle section as to cause rupture.



Figure 5

[Testing a buggy spoke in endwise
compression, illustrating the failure
by sidewise bending of a long
column fixed only at the lower end.,
Photo by U. S. Forest Service

The lateral bending of a column produces a combination of bending
with compressive stress over the section, the compressive stress
being maximum at the section of greatest deflection on the concave
side. The convex surface is under tension, as in an ordinary beam
test. (See Fig. 6.) If the same stick is braced in such a way that flexure



is prevented, its supporting strength is increased enormously, since
the compressive stress acts uniformly over the section, and failure is
by crushing or splitting, as in small blocks. In all columns free to bend
in any direction the deflection will be seen in the direction in which the
column is least stiff. This sidewise bending can be overcome by
making pillars and columns thicker in the middle than at the ends, and
by bracing studding, props, and compression members of trusses.
The strength of a column also depends to a considerable extent upon
whether the ends are free to turn or are fixed.

Figure 6

|Unequa| distribution of stress in a|



long column due to Ilateral
bending.

The complexity of the computations depends upon the way in which
the stress is applied and the manner in which the stick bends.
Ordinarily where the length of the test specimen is not greater than
four diameters and the ends are squarely faced (See Fig. 7.), the
force acts uniformly over each square inch of area and the crushing
strength is equal to the maximum load (P) divided by the area of the
cross-section (A).

(o--)



Figure 7

Endwise compression of a shorf
column.

It has been demonstrated that the ultimate strength in compression
parallel to the grain is very nearly the same as the extreme fibre
stress at the elastic limitin bending. (See Table 5.) In other words, the
transverse strength of beams at elastic limit is practically equal to the
compressive strength of the same material in short columns. It is
accordingly possible to calculate the approximate breaking strength
of beams from the compressive strength of short columns except
when the wood is brittle. Since tests on endwise compression are



simpler, easier to make, and less expensive than transverse bending
tests, the importance of this relation is obvious, though it does not do
away with the necessity of making beam tests.

TABLE V

RELATION OF FIBRE STRESS AT ELASTIC LIMIT (r) IN
BENDING TO THE CRUSHING STRENGTH (C) OF
BLOCKS CUT THEREFROM, IN POUNDS PER
SQUARE INCH

(Forest Service Bul. 70, p. 90)
LONGLEAF PINE

Kiln-
T s Pl el ol 41
conpiTion| > P per | per || per || p :
cent | cent || cent |cent|cent| per

cent
Number of
tests 5 5 5 5 4 5
averaged
rinbending || 4,920 || 5,944 |6,9247,852|9,280|(11,550
Cin

) 4,668 || 5,100 (6,466 (7,466|8,985(10,910
compression

Per centris

inexcessof || 5.5 16.5 71 52 | 33 5.9
C

SPRUCE

Soaked|®¢"| 10 || 8.1 ’fj"n-
MOISTURE 30 : y
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CONDITION P per | DT T
cent cent | cent|| per

cent
cent
Number of tests 5 4 5 3 4
averaged
rin bending 3,002 |3,362|/6,458/|18,400|(10,170||

Cincompression || 2,680 |[3,025 [6,120(7,610( 9,335

Per cent ris in excess
of C

120 || 111 | 565 {104 | 9.0

When a short column is compressed until it breaks, the manner of
failure depends partly upon the anatomical structure and partly upon
the degree of humidity of the wood. The fibres (tracheids in conifers)
act as hollow tubes bound closely together, and in giving way they
either (1) buckle, or (2) bend.2

The first is typical of any dry thin-walled cells, as is usually the case in
seasoned white pine and spruce, and in the early wood of hard pines,
hemlock, and other species with decided contrast between the two
portions of the growth ring. As a rule buckling of a tracheid begins at
the bordered pits which form places of least resistance in the walls. In
hardwoods such as oak, chestnut, ash, etc., buckling occurs only in
the thinnest-walled elements, such as the vessels, and not in the true
fibres.

According to Jaccard® the folding of the cells is accompanied by
characteristic alterations of their walls which seem to split them into
extremely thin layers. When greatly magnified, these layers appear in
longitudinal sections as delicate threads withoutany definite
arrangements, while on cross section they appear as numerous
concentric strata. This may be explained on the ground that the
growth of a fibre is by successive layers which, under the influence of



compression, are sheared apart. This is particularly the case with
thick-walled cells such as are found in late wood.

TABLE VI

RESULTS OF ENDWISE
COMPRESSION TESTS ON SMALL
CLEAR PIECES OF 40 WOODS IN
GREEN CONDITION

(Forest Service Cir. 213)

Fibre
stress . __||Modulus
at Crushing of

COMMON |elastic| S"9t | clasticity
NAME OF || limit
SPECIES [ [ ps.
per | Lbs. per || Lbs. per
sq. || sq.inch || sq. inch
inch

Hardwoods
Ash, white || 3,510 || 4,220 ||1,531,000
Basswood 780 1,820 (/1,016,000

Beech 2770 | 3480 |1,412,000
Birch, yellow| 2,570 || 3,400 |[1,915,000
sEI:r;;;ery 3410 | 3990 |1,453,000
Hackberry 2,730 ][ 3,310 |[1,068,000
Hickory, big

shellbark 3,570 || 4,520 |/1,658,000




bitternut {4,330 || 4,570 ||1,616,000(|
mockernut|[3,990 [ 4,320 [[1,359,000
nutmeg (3,620 | 3,980 1,411,000
pignut 3,520 [ 4,820 11,980,000
shagbark 3,730 4,600 1,943,000
water 3,240 |[ 4,660 1,926,000
r';gg;’;‘ 4,300 | 4,970 (1,536,000
Z}Zﬂf’ 3,040 | 3670 |1,463,000
Oak, post ||2,780 [ 3,330 ][1,062,000
red 2,290 [ 3,210 [[1,295,000
Wﬁi"t‘fmp 3470 || 4,360 1,489,000
white 2400 | 3,520 |[ 946,000
velow  |[2,870][ 3,700 1,465,000
82?%‘; 3,980 || 5810 (1,331,000
Sycamore {2,320 | 2,790 ||1,073,000
Tupelo 2,280 3,550 1,280,000
Conifers
Arbonvitee  [[1,420 [ 1,990 |[ 754,000
ﬁggﬁge 2710 | 3,030 | 868,000
bC;’Izress’ 3,560 || 3,960 1,738,000
{[Fir, alpine  [[1,660 [ 2,060 | 882,000




amabilis |[2,763 | 3,040 ([1,579,000||
Douglas 12,390 || 2,920 1,440,000

white 2,610 2,800 1,332,000
Hemlock |[2,110 2,750 |[1,054,000
Pine, 2200 | 2,530 11,219,000
lodgepole

longleaf |[3,420 ][ 4,280 1,890,000

red 2470 [ 3,080 1,646,000

sugar 2,340 [ 2,600 [1,029,000

westem 15 100 | 2,420 (1,271,000
yellow

white 2370 2,720 [1,318,000
Redwood | 3,420 3,820 |[1,175,000
Spruce, |4 880 | 2170 1,021,000
Engelmann

Tamarack || 3,010] 3,480 ||1,596,000

The second case, where the fibres bend with more or less regular
curves instead of buckling, is characteristic of any green or wet wood,
and in dry woods where the fibres are thick-walled. In woods in which
the fibre walls show all gradations of thickness—in other words,
where the transition from the thin-walled cells of the early wood to the
thick-walled cells of the late wood is gradual—the two kinds of failure,
namely, buckling and bending, grade into each other. In woods with
very decided contrast between early and late wood the two forms are
usually distinct. Except in the case of complete failure the cavity of the
deformed cells remains open, and in hardwoods this is true not only
of the wood fibres but also of the tube-like vessels. In many cases
longitudinal splits occur which isolate bundles of elements by greater



or less intervals. The splitting occurs by a tearing of the fibres or rays
and not by the separation of the rays from the adjacent elements.

Figure 8

Failures of short columns of green|
spruce.




Figure 9

Failures of short columns of dry|
chestnut.

Moisture in wood decreases the stiffness of the fibre walls and
enlarges the region of failure. The curve which the fibre walls make in
the region of failure is more gradual and also more irregular than in
dry wood, and the fibres are more likely to be separated.

In examining the lines of rupture in compression parallel to the grain it
appears that there does not exist any specific type, that is, one that is
characteristic of all woods. Test blocks taken from different parts of
the same log may show very decided differences in the manner of
failure, while blocks that are much alike in the size, number, and
distribution of the elements of unequal resistance may behave very
similarly. The direction of rupture is, according to Jaccard, not
influenced by the distribution of the medullary rays.Z These are curved
with the bundles of fibres to which they are attached. In any case the



failure starts atthe weakest points and follows the lines of least
resistance. The plane of failure, as visible on radial surfaces, is
horizontal, and on the tangential surface it is diagonal.

SHEARING STRENGTH

Whenever forces act upon a body in such a way that one portion
tends to slide upon another adjacent to it the action is called a
shear28 In wood this shearing action may be (1) along the grain, or
(2) across the grain. A tenon breaking out its mortise is a familiar
example of shear along the grain, while the shoving off of the tenon
itself would be shear across the grain. The use of wood for pins or
tree-nails involves resistance to shear across the grain. Another
common instance of the latter is where the steel edge of the eye of an
axe or hammer tends to cut off the handle. In Fig. 10 the action of the
wooden strut tends to shear off along the grain the portion AB of the
wooden tie rod, and it is essential that the length of this portion be
great enough to guard against it. Fig. 11 shows characteristic failures
in shear along the grain.



Figure 10

|Example of shear along the grain. |




Figure 11

Failures of test specimens in
shear along the grain. In the block|
at the left the surface of failure is|
radial; in the one at the right,
angential.

] TABLE VII

SHEARING STRENGTH
ALONG THE GRAIN OF




SMALL CLEAR PIECES OF 41 ||
WOODS IN GREEN

CONDITION
(Forest Service Cir. 213)
When When
sur;f?ce surface
COMMON | failure | °Ffailure
:ﬁgglgg raI:iaI tangential
Lbs. 1) ps. per
p;e':' cshq. sq. iniefr
Hardwoods
Ash, black 876 832
white 1,360 1,312
Basswood 560 617
Beech 1,154 1,375

Birch, yellow|| 1,103 1,188

Elm,

) 1,197 1,174
slippery

white 778 872
Hackberry 1,095 1,161
Hickory, big
shellbark 1,134 1,191

bitternut 1,134 1,348

mockernut || 1,251 1,313

nutmeg 1,010 1,053




pignut 1,334 || 1,457
shagbark || 1,230 1,297
water 1,390 1,490

";gg;‘;t 1885 | 2,096

Maple, red || 1,130 1,330
sugar 1,193 1,455

Oak, post 1,196 1,402
red 1,132 1,195

Wﬁi‘;‘:‘mp 1,198 || 1,394
white 1,096 1,292
yellow 1,162 1,196

Sycamore 900 1,102

Tupelo 978 1,084
Conifers

Arborvitae 617 614

ﬁ‘;gﬁge 613 | 662

Cypress,

b;’lz 836 800

Fir, alpine 573 654
amabilis 517 639
Douglas 853 858
white 742 723

Hemlock 790 813

||Pine,

/79




|lodgepole o Y
[ longleaf |[ 1,060 [ 953
red 812 741
sugar 702 714
western 686 706
yellow
white 649 639
Spruce, 607 624
Engelmann

Tamarack 883 843

Both shearing stresses may act at the same time. Thus the weight
carried by a beam tends to shear it off at right angles to the axis; this
stress is equal to the resultant force acting perpendicularly at any
point, and in a beam uniformly loaded and supported at either end is
maximum at the points of support and zero at the centre. In addition
there is a shearing force tending to move the fibres of the beam past
each other in a longitudinal direction. (See Fig. 12.) This longitudinal
shear is maximum at the neutral plane and decreases toward the
upper and lower surfaces.

Figure 12

|Horizonta| shearin a beam.




Shearing across the grain is so closely related to compression at
right angles to the grain and to hardness that there is little to be
gained by making separate tests upon it. Knowledge of shear parallel
to the grain is important, since wood frequently fails in that way. The
value of shearing stress parallel to the grain is found by dividing the
maximum load in pounds (P) by the area of the cross section in
inches (A).

P

( Shear = — )

A

Oblique shearing stresses are developed in a bar when it is
subjected to direct tension or compression. The maximum shearing
stress occurs along a plane when it makes an angle of 45 degrees
with the axis of the specimen. In this case,

P
shear = ——.
2A

When the value of the angle O is less than 45 degrees,

P
the shear along the plane = --- sin 6 cos 6.
A



(See Fig. 13.) The effect of oblique shear is often visible in the
failures of short columns. (See Fig. 14.)

P

Figure 13

|Ob|ique shear in a short column. |




Figure 14

Failure of short column by oblique
shear.

TABLE VI

SHEARING STRENGTH ACROSS
THE GRAIN OF VARIOUS
AMERICAN WOODS

| (J.C. Trautwine. Jour. Franklin Institute.




Vol. 109, 1880, pp. 105-106

Lbs. Lbs.
KIND OF || per KIND OF per
WOOD || sq. WOOD sq.
inch inch
Ash 6,280|[Hickory 7,285
Beech [5,223(Locust 7,176
Birch 5,595|Maple 6,355
Cedar iy 375 |0ak 4,425
(white)
Cedar .
(white) 1,519||0ak (live) 8,480
Cedar
(Central ||3,410|[Pine (white ) 2,480
Amer.)
Cherry [2,945/Fine (northern 5,
yellow)
Pine
Chestnut (|1,536 (southernyeliow) 5,735
Dogwood|[6,510/F e (very 5 553
resinous yellow)
Ebony 7,750||Poplar 4,418
Gum 5,890||Spruce 3,255
Hemlock ||2,750||Walnut (black) (/4,728
Hickory [6,045]/ainut 2,830
(common)

NOTE.—Two specimens of each were
tested. All were fairly seasoned and
without defects. The piece sheared off




was 5/8 in. The single circular area of
each pin was 0.322 sq. in.

TRANSVERSE OR BENDING
STRENGTH: BEAMS

When external forces acting in the same plane are applied at right
angles to the axis of a bar so as to cause it to bend, they occasion a
shortening of the longitudinal fibres on the concave side and an
elongation of those on the convex side. Within the elastic limit the
relative stretching and contraction of the fibres is directlyg]
proportional to their distances from a plane intermediate between
them—the neutral plane. (N4P in Eig. 15.) Thus the fibres half-way
between the neutral plane and the outer surface experience only half
as much shortening or elongation as the outermost or extreme fibres.
Similarly for other distances. The elements along the neutral plane
experience no tension or compression in an axial direction. The line
of intersection of this plane and the plane of section is known as the
neutral axis (N Ain Fig. 15.) of the section.



Figure 15

Diagram of a simple beam. N4P =

neutral plane, N A = neutral axis of|
section R S.

If the bar is symmetrical and homogeneous the neutral plane is
located half-way between the upper and lower surfaces, so long as
the deflection does not exceed the elastic limit of the material. Owing
to the fact that the tensile strength of wood is from two to nearly four
times the compressive strength, it follows that at rupture the neutral
plane is much nearer the convex than the concave side of the bar or
beam, since the sum of all the compressive stresses on the concave
portion must always equal the sum of the tensile stresses on the
convex portion. The neutral plane begins to change from its central
position as soon as the elastic limit has been passed. Its location at
any time is very uncertain.

The external forces acting to bend the bar also tend to rupture it at
right angles to the neutral plane by causing one transverse section to
slip past another. This stress at any point is equal to the resultant
perpendicular to the axis of the forces acting at this point, and is
termed the transverse shear (or in the case of beams, vertical



shear).

In addition to this there is a shearing stress, tending to move the
fibores past one another in an axial direction, which is called
longitudinal shear (or in the case of beams, horizontal shear).
This stress must be taken into consideration in the design of timber
structures. It is maximum at the neutral plane and decreases to zero
at the outer elements of the section. The shorter the span of a beam
in proportion to its height, the greater is the liability of failure in
horizontal shear before the ultimate strength of the beam is reached.

Beams

There are three common forms of beams, as follows:

(1) Simple beam—a bar resting upon two supports, one near each
end. (See Fig. 16, No. 1.)

(2) Cantilever beam—a bar resting upon one support or fulcrum, or
that portion of any beam projecting out of a wall or beyond a support.
(See Fig. 16, No. 2.)

(3) Continuous beam—a bar resting upon more than two supports.
(See Fig. 16, No. 3.)
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Figure 16

IThree common forms of beams. 1.
Simple. 2.  Cantilever. 3.
Continuous.

Stiffness of Beams

The two main requirements of a beam are stiffness and strength. The
formulae for the modulus of elasticity (E) or measure of stiffness of a
rectangular prismatic simple beam loaded at the centre and resting
freely on supports at either end is:10



b = breadth or width of beam, inches.

h = height or depth of beam, inches.

| =span (length between points of supports) of beam, inches.
D = deflection produced by load P', inches.

P'=load at or below elastic limit, pounds.

From this formulee it is evident that for rectangular beams of the same
material, mode of support, and loading, the deflection is affected as
follows:

(1) It is inversely proportional to the width for beams of the same
length and depth. If the width is tripled the deflection is one-third as
great.

(2) ltis inversely proportional to the cube of the depth for beams of the
same length and breadth. If the depth is tripled the deflection is one
twenty-seventh as great.

(3) It is directly proportional to the cube of the span for beams of the
same breadth and depth. Tripling the span gives twenty-seven times
the deflection.

The number of pounds which concentrated at the centre will deflect a
rectangular prismatic simple beam one inch may be found from the
preceding formulee by substituting D = 1" and solving for P. The
formulee then becomes:



4EbR

Necessary weight (P') = -
I8

In this case the values for E are read from tables prepared from data
obtained by experimentation on the given material.

Strength of Beams

The measure of the breaking strength of a beam is expressed in
terms of unit stress by a modulus of rupture, which is a purely
hypothetical expression for points beyond the elastic limit. The
formulee used in computing this modulus is as follows:

b, h, _ breadth, height, and span, respectively, as in preceding
/ formulae.
R =modulus of rupture, pounds per square inch.

P = maximum load, pounds.

In calculating the fibre stress at the elastic limit the same formulze is
used except that the load at elastic limit (P4) is substituted for the

maximum load (P).

From this formulee it is evident that for rectangular prismatic beams of



the same material, mode of support, and loading, the load which a
given beam can support varies as follows:

(1) It is directly proportional to the breadth for beams of the same
length and depth, as is the case with stiffness.

(2) It is directly proportional to the square of the height for beams of
the same length and breadth, instead of as the cube of this dimension
as in stiffness.

(3) It is inversely proportional to the span for beams of the same
breadth and depth and not to the cube of this dimension as in
stiffness.

The fact that the strength varies as the square of the height and the
stiffress as the cube explains the relationship of bending to
thickness. Were the law the same for strength and stiffness a thin
piece of material such as a sheet of paper could not be bent any
further without breaking than a thick piece, say an inch board.

TABLE IX

RESULTS OF STATIC BENDING TESTS ON SMALL CLEAR
BEAMS OF 49 WOODS IN GREEN CONDITION

(Forest Service Cir. 213)

Fibre Work in Bending
stress||Modulus|| Modulus
at of of ITot' To Total
. . [lelastic| maximum| Tota
COMMON el_asylc rupture || elasticity fimit load
limit
NAME OF
SPECIES Lb. Illr:- In.-Ib. Iltr)'-
s. s. n.-Ibs. s.
per |10 Per|Lhs-perl por | percu. | per




sq. in. cu. inch cu. ||
inch inch
Hardwoods

Ash, black |[2,580 |[ 6,000 |[960,000 [ 041 [ 131 [[389
white 5180 9,920 |[1.416,000[ 1.10 | 200 [437
|[Basswood [[2,480 [ 4,450 |[842,000 [ .45 58 | 89
|[Beech 4,490 8610 [[1,353,000[ .96 141 |[314
([Birch, yellow][4,190 || 8,390 [[1,597,000] .62 142 |[315
[Eim, rock  [[4,290 [ 9,430 [1,222,000] .90 194 |[474
slippery |[5,560 ][ 9,510 |[1,314,000[ 1.32 | 117 [[442
white 2,850 |[ 6,940 |[1,052,000[ .44 118 |[274

Gum,red || 3,460 | 6,450 |[1,138,000
|[Hackberry [[3,320 [ 7,800 |[1,170,000[ .56 196 |[52.9
I;;Z'ﬁg;yr'kb'g 6,370 | 11,110 1,562,000 147 | 243 | 780
bitternut || 5,470 |[ 10,280 |[1,399,000[ 122 | 200 [[755
mockernut|[6,550 |[ 11,110 |[1,508,000[ 150 | 317 [[84.4
nutmeg 4,860 || 9,060 1,289,000 1.06 | 228 |[58.2
pignut 5,860 || 11,810 [1,769,000[ 1.12 || 306 |[86.7
shagbark 6,120 |[ 11,000 [1,752,000[ 122 [ 183 [72.3
water 5,980 |[ 10,740 |[1,563,000[ 129 | 188 [52.9
hgﬁ;’;t 6,020 | 12,360 [1,732,000| 1.28 | 173 |[64.4
|IMaple, red |[4,450][ 8,310 |[1,445000[ .78 98 |[171
sugar 4,630 8860 |[1,462,000] .88 127 |[320
Oak, post ||4,720|[ 7,380 |[913,000 [ 139 [ 91 [174
red 3490 [ 7.780 I[1268.000[ 60 114 260




Wﬁi‘;‘:mp 5380| 9,860 |[1,593,000( 1.05 | 145 | 376
tanbark | 6,580 |[ 10,710 [[1,678,000] 1.49

white 4,320 8,090 |[1,137,000[ .95 121 |[367
vellow 5060 8570 |[1,219,000[ 120 [ 117 [307
gzzg‘: 7,760 || 13,660 1,329,000 253 | 379 [1017
Sycamore | 2,820 || 6,300 |[ 961,000 [ 51 71 [136
Tupelo 4300 7,380 [1,045000[ 1.00 [ 78 [2009
Conifers

Arborvitee |[2,600 || 4,250 |[ 643,000 | .60 57 |95
Iﬁ‘i:;‘;'e 3,950 | 6,040 || 754,000

g{ﬁess' 4430 7,110 |[1.378,000| 96 51 ||154
[[Fir, alpine  |[2,366 | 4,450 |[861,000 | .66 44 |74
amabilis 4,060 [ 6,570 |[1,323,000

Douglas |[3,570 [ 6,340 |[1,242,000[ 59 66 136
[ white 3,880 | 5970 |[1,131,000] 77 52 149
[[Hemlock  |[3.410] 5,770 [[917,000 [ .73 66 129
Elggépme 3,080 | 5,130 [1,015,000( 54 5.1 74
longleaf |[5,090 || 8,630 |[1,662,000[ .88 81 348
red 3,740 |[ 6,430 |[1,384,000[ .59 58 280
shortieaf |[4,360 | 7,710 |[1,395,000

sugar 3,330 |[ 5,270 |[ 966,000 | .66 50 [116
. [




y;{;\jv‘ 3,180 || 5,180 [[1,111,000| .52 4.3 15.6 ||

White 3410][ 5,310 [[1,073,000[ .62 59 [133
[Redwood [[4,530 [ 6,560 |[1,024,000
|§gg§§]'am 2,740 || 4,550 || 866,000 | .50 48 6.1
[ red 3440 5,820 |[1,143,000[ .62 6.0

white 3,160 ][ 5,200 |[ 968,000 [ .58 6.6
Tamarack (/4,200 7,170 ||1,236,000/| .84 7.2 30.0

Kinds of Loads

There are various ways in which beams are loaded, of which the
following are the most important:

(1) Uniform load occurs where the load is spread evenly over the
beam.

(2) Concentrated load occurs where the load is applied at single
point or points.

(3) Live or immediate load is one of momentary or short duration at
any one point, such as occurs in crossing a bridge.

(4) Dead or permanent load is one of constant and indeterminate
duration, as books on a shelf. In the case of a bridge the weight of the
structure itself is the dead load. All large beams support a uniform
dead load consisting of their own weight.

The effect of dead load on a wooden beam may be two or more
times that produced by an immediate load of the same weight. Loads
greater than the elastic limit are unsafe and will generally result in
rupture if continued long enough. A beam may be considered safe



under permanent load when the deflections diminish during equal
successive periods of time. A continual increase in deflection
indicates an unsafe load which is almost certain to rupture the beam
eventually.

Variations in the humidity of the surrounding air influence the
deflection of dry wood under dead load, and increased deflections
during damp weather are cumulative and not recovered by
subsequent drying. In the case of longleaf pine, dry beams may with
safety be loaded permanently to within three-fourths of their elastic
limit as determined from ordinary static tests. Increased moisture
content, due to greater humidity of the air, lowers the elastic limit of
wood so that what was a safe load for the dry material may become
unsafe.

When a dead load not great enough to rupture a beam has been
removed, the beam tends gradually to recover its former shape, but
the recovery is not always complete. If specimens from such a beam
are tested in the ordinary testing machine it will be found that the
application of the dead load did not affect the stiffness, ultimate
strength, or elastic limit of the material. In other words, the deflections
and recoveries produced by live loads are the same as would have
been produced had not the beam previously been subjected to a
dead load A1

Maximum load is the greatest load a material will support and is
usually greater than the load at rupture.

Safe load is the load considered safe for a material to support in
actual practice. It is always less than the load at elastic limit and is
usually taken as a certain proportion of the ultimate or breaking load.

The ratio of the breaking to the safe load is called the factor of safety.

ultimate strenath



( Factor of safety =  -———--mmmeeeeemmv
safe load

In order to make due allowance for the natural variations and
imperfections in wood and in the aggregate structure, as well as for
variations in the load, the factor of safety is usually as high as 6 or 10,
especially if the safety of human life depends upon the structure. This
means that only from one-sixth to one-tenth of the computed strength
values is considered safe to use. If the depth of timbers exceeds four
times their thickness there is a great tendency for the material to twist
when loaded. It is to overcome this tendency that floor joists are
braced at frequent intervals. Short deep pieces shear out or split
before their strength in bending can fully come into play.

Application of Loads

There are three12 general methods in which loads may be applied to
beams, namely:

(1) Static loading or the gradual imposition of load so that the
moving parts acquire no appreciable momentum. Loads are so
applied in the ordinary testing machine.

(2) Sudden imposition of load without initial velocity. "Thus in
the case of placing a load on a beam, if the load be brought into
contact with the beam, but its weight sustained by external means, as
by a cord, and then this external support be suddenly
(instantaneously) removed, as by quickly cutting the cord, then,
although the load is already touching the beam (and hence there is no
real impact), yet the beam is at first offering no resistance, as it has
yet suffered no deformation. Furthermore, as the beam deflects the
resistance increases, but does not come to be equal to the load until
it has attained its normal deflection. In the meantime there has been



an unbalanced force of gravity acting, of a constantly diminishing
amount, equal at first to the entire load, at the normal deflection. But at
this instant the load and the beam are in motion, the hitherto
unbalanced force having produced an accelerated velocity, and this
velocity of the weight and beam gives to them an energy, or vis viva,
which must now spend itself in overcoming an excess of resistance
over and above the imposed load, and the whole mass will not stop
until the deflection (as well as the resistance) has come to be equal to
twice that corresponding to the static load imposed. Hence we say
the effect of a suddenly imposed load is to produce twice the
deflection and stress of the same load statically applied. It must be
evident, however, that this case has nothing in common with either the
ordinary 'static' tests of structural materials in testing-machines, or
with impact tests."13

(3) Impact, shock, or blow.14 There are various common uses of
wood where the material is subjected to sudden shocks and jars or
impact. Such is the action on the felloes and spokes of a wagon
wheel passing over a rough road; on a hammer handle when a blow
is struck; on a maul when it strikes a wedge.

Resistance to impact is resistance to energy which is measured by
the product of the force into the space through which it moves, or by
the product of one-half the moving mass which causes the shock into
the square of its velocity. The work done upon the piece at the instant
the velocity is entirely removed from the striking body is equal to the
total energy of that body. It is impossible, however, to get all of the
energy of the striking body stored in the specimen, though the greater
the mass and the shorter the space through which it moves, or, in
other words, the greater the proportion of weight and the smaller the
proportion of velocity making up the energy of the striking body, the
more energy the specimen will absorb. The rest is lost in friction,
vibrations, heat, and motion of the anvil.



In impact the stresses produced become very complex and difficult to
measure, especially if the velocity is high, or the mass of the beam
itself is large compared to that of the weight.

The difficulties attending the measurement of the stresses beyond the
elastic limit are so great that commonly they are not reckoned. Within
the elastic limit the formulee for calculating the stresses are based on
the assumption that the deflection is proportional to the stress in this
case as in static tests.

A common method of making tests upon the resistance of wood to
shock is to support a small beam at the ends and drop a heavy
weight upon it in the middle. (See Fig. 40.) The height of the weight is
increased after each drop and records of the deflection taken until
failure. The total work done upon the specimen is equal to the area of
the stress-strain diagram plus the effect of local inertia of the
molecules at point of contact.

The stresses involved in impact are complicated by the fact that there
are various ways in which the energy of the striking body may be
spent:

(@) It produces a local deformation of both bodies at the surface of
contact, within or beyond the elastic limit. In testing wood the
compression of the substance of the steel striking-weight may be
neglected, since the steel is very hard in comparison with the wood. In
addition to the compression of the fibres at the surface of contact
resistance is also offered by the inertia of the particles there, the
combined effect of which is a stress at the surface of contact often
entirely out of proportion to the compression which would result from
the action of a static force of the same magnitude. It frequently
exceeds the crushing strength at the extreme surface of contact, as in
the case of the swaging action of a hammer on the head of an iron
spike, or of a locomotive wheel on the steel rail. This is also the case
when a bullet is shot through a board or a pane of glass without



breaking it as a whole.

(b) It may move the struck body as a whole with an accelerated
velocity, the resistance consisting of the inertia of the body. This effect
is seen when a croquet ball is struck with a mallet.

(c) It may deform a fixed body against its external supports and
resistances. In making impact tests in the laboratory the test
specimen is in reality in the nature of a cushion between two
impacting bodies, namely, the striking weight and the base of the
machine. It is important that the mass of this base be sufficiently great
that its relative velocity to that of the common centre of gravity of itself
and the striking weight may be disregarded.

(d) t may deform the struck body as a whole against the resisting
stresses developed by its own inertia, as, for example, when a
baseball bat is broken by striking the ball.

TABLE X

RESULTS OF IMPACT BENDING
TESTS ON SMALL CLEAR BEAMS OF
34 WOODS IN GREEN CONDITION

(Forest Service Cir. 213)

Fibre Work in
stress| Modulus ||bending||
at of to
ﬁgmzlgr; elastic|| elasticity | elastic
SPECIES limit limit
Lbs. Lbs. per In.-Ibs.
per | “oqin. || Pereu.
sq. in. g in- inch
Hardwoods




Ash, black |[7,840 ][ 955,000 [ 3.69
white 11,7101,564,000[ 4.93
Basswood || 5,480 || 917,000 1.84
{Beech 11,760/|1,501,000 5.10
[Birch, yellow][11,080[[1,812,000[ 3.79
[Eim, rock  [[12,090[[1,367,000[ 6.52
slippery |[11,700][1,569,000] 4.86
white 9,910 [[1,138,000[ 4.82
Hackberry [[10,420[[1,398,000]] 4.48
hgs‘ef;‘ 13,460(2,114,000| 4.76
[Maple, red [11,670[[1,411,000[ 5.45
[ sugar 11,680/11,680,000[ 4.55
Oak, post  ||11,260/|1,596,000/ 4.41
red 10,580/[1,506,000[ 4.16
Wﬁi"t‘fmp 13,280||2,048,000| 4.79
white 9,860 |[1,414,000 3.84
velow  |[10,840][1,479,000[ 4.44
82?%‘2 15,520/11,498,000| 8.92
Sycamore || 8,180 ||1,165,000,| 3.22
Tupelo 7,650 |[1,310,000 2.49
Conifers
Arbonvitee  |[5,290 |[ 778,000 [ 2.04
|Cypress’ o NnnNn 14 A214 NNN n 71
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[Fir, alpine | 5,280 | 980,000 | 1.59
Douglas 8,870 |[1,579,000| 2.79
white 7,230 |[1,326,000] 2.21

Hemlock | 6,330 |[1,025,000] 2.19

E Z‘gépole 6,870 (1,142,000 2.31
longleaf | 9,680 |[1,739,000| 3.02
red 7,480 |1,438,000] 218
sugar | 6,740 [1,083,000] 2.34

ye"l‘;gjltem 7,070 (1,115,000 2.51
white 6,490 1,156,000 2.06

Egé‘;ﬁam 6,300 ||1,076,000/ 2.09

Tamarack || 7,750 [1,263,000 2.67

Impact testing is difficult to conduct satisfactorily and the data
obtained are of chief value in a relative sense, that is, for comparing
the shock-resisting ability of woods of which like specimens have
been subjected to exactly identical treatment. Yet this test is one of
the most important made on wood, as it brings out properties not
evident from other tests. Defects and brittleness are revealed by
impact better than by any other kind of test. In common practice nearly
all external stresses are of the nature of impact. In fact, no two moving
bodies can come together without impact stress. Impact is therefore
the commonest form of applied stress, although the most difficult to

measure.




Failures in Timber Beams

lf a beam is loaded too heavily it will break or fail in some
characteristic manner. These failures may be classified according to
the way in which they develop, as tension, compression, and
horizontal shear; and according to the appearance of the broken
surface, as brash, and fibrous. A number of forms may develop if the
beam is completely ruptured.

Since the tensile strength of wood is on the average about three
times as great as the compressive strength, a beam should,
therefore, be expected to fail by the formation in the first place of a
fold on the compression side due to the crushing action, followed by
failure on the tension side. This is usually the case in green or moist
wood. In dry material the first visible failure is not infrequently on the
lower or tension side, and various attempts have been made to
explain why such is the case 15

Within the elastic limit the elongations and shortenings are equal, and
the neutral plane lies in the middle of the beam. (See page 23.) Later
the top layer of fibres on the upper or compression side fail, and on
the load increasing, the next layer of fibres fail, and so on, even
though this failure may not be visible. As a result the shortenings on
the upper side of the beam become considerably greater than the
elongations on the lower side. The neutral plane must be presumed to
sink gradually toward the tension side, and when the stresses on the
outer fibres at the bottom have become sufficiently great, the fibres
are pulled in two, the tension area being much smaller than the
compression area. The rupture is often irregular, as in direct tension
tests. Failure may occur partially in single bundles of fibres some time
before the final failure takes place. One reason why the failure of a dry
beam is different from one that is moist, is that drying increases the
stiffness of the fibres so that they offer more resistance to crushing,
while it has much less effect upon the tensile strength.



There is considerable variation in tension failures depending upon the
toughness or the brittleness of the wood, the arrangement of the
grain, defects, etc., making further classification desirable. The four
most common forms are:

(1) Simple tension, in which there is a direct pulling in two of the
wood on the under side of the beam due to a tensile stress parallel to
the grain, (See Fig. 17, No. 1.) This is common in straight-grained
beams, particularly when the wood is seasoned.

(2) Cross-grained tension, in which the fracture is caused by a
tensile force acting oblique to the grain. (See Fig. 17, No. 2.) This is a
common form of failure where the beam has diagonal, spiral or other
form of cross grain on its lower side. Since the tensile strength of
wood across the grain is only a small fraction of that with the grainiitis
easy to see why a cross-grained timber would fail in this manner.

(3 ) Splintering tension, in which the failure consists of a
considerable number of slight tension failures, producing a ragged or
splintery break on the under surface of the beam. (See Fig. 17, No.
3.) This is common in tough woods. In this case the surface of fracture
is fibrous.

(4 ) Brittle tension, in which the beam fails by a clean break
extending entirely through it. (See Fig. 17, No. 4.) It is characteristic of
a brittle wood which gives way suddenly without warning, like a piece
of chalk. In this case the surface of fracture is described as brash.

Compression failure (see Fig. 17, No. 5) has few variations except
that it appears at various distances from the neutral plane of the
beam. It is very common in green timbers. The compressive stress
parallel to the fibres causes them to buckle or bend as in an endwise
compressive test. This action usually begins on the top side shortly
after the elastic limit is reached and extends downward, sometimes
almost reaching the neutral plane before complete failure occurs.



Frequently two or more failures develop at about the same time.

L

Figure 17

Characteristic failures of simple|
beams.

Horizontal shear failure, in which the upper and lower portions of
the beam slide along each other for a portion of their length either at
one or at both ends (see Fig. 17, No. 6), is fairly common in air-dry
material and in green material when the ratio of the height of the
beam to the span is relatively large. It is not common in small clear
specimens. It is often due to shake or season checks, common in



large timbers, whichreduce the actual area resisting the shearing
action considerably below the calculated area used in the formulee for
horizontal shear. (See page 98 for this formulee.) For this reason it is
unsafe, in designing large timber beams, to use shearing stresses
higher than those calculated for beams that failed in horizontal shear.
The effect of a failure in horizontal shear is to divide the beam into two
or more beams the combined strength of which is much less than that
of the original beam. Fig. 18 shows a large beam in which two
failures in horizontal shear occurred at the same end. That the parts
behave independently is shown by the compression failure below the
original location of the neutral plane.

. Fovest Serpi

Figure 18



Failure of a large beam by
horizontal shear. Photo by U. S,
Forest Service.

Table Xl gives an analysis of the causes of first failure in 840 large
timber beams of nine different species of conifers. Of the total
number tested 165 were air-seasoned, the remainder green. The
failure occurring first signifies the point of greatest weakness in the
specimen under the particular conditions of loading employed (in this
case, third-point static loading).

TABLE XI
MANNER OF FIRST FAILURE OF LARGE BEAMS
(Forest Service Bul. 108, p. 56)

COMMON || Total Per cent of total failing by
NAME OF |[number| K K
SPECIES ||of tests Tension|[Compression||Shear
Longleaf
pine:
green 17 18 24 58
dry 9 22 22 56
Douglas
fir:
green 191 27 72 1
dry 91 19 76 5
Shortleaf
pine:
green 48 27 56 17




dry 13 54 46
Western
larch:
green 62 23 71 6
dry 52 54 19 27
{Loblolly
pine:
[ green 11 40 53 7
dry 25 60 12 28
Tamarack:
green 30 37 53 10
dry 9 45 22 33
Western
hemlock:
[ green 39 21 74 5
| dry 44 11 66 23
Redwood:
green 28 43 50 7
dry 12 83 17
Norway
pine:
green 49 18 76 6
dry 10 30 60 10

NOTE.—These tests were made on timbers ranging in
cross section from 4" x 10" to 8" x 16", and with a
span of 15 feet.




TOUGHNESS: TORSION

Toughness is a term applied to more than one property of wood. Thus
wood that is difficult to split is said to be tough. Again, a tough wood
is one that will not rupture until it has deformed considerably under
loads at or near its maximum strength, or one which still hangs
together after it has been ruptured and may be bent back and forth
without breaking apart. Toughness includes flexibility and is the
reverse of brittleness, in that tough woods break gradually and give
warning of failure. Tough woods offer great resistance to impact and
will permit rougher treatment in manipulations attending manufacture
and use. Toughness is dependent upon the strength, cohesion,
quality, length, and arrangement of fibre, and the pliability of the wood.
Coniferous woods as a rule are not as tough as hardwoods, of which
hickory and elm are the best examples.

Figure 19

|Torsi0n of a shaft.




The torsion or twisting test is useful in determining the toughness of
wood. If the ends of a shaft are turned in opposite directions, or one
end is turned and the other is fixed, all of the fibres except those at the
axis tend to assume the form of helices. (See Fig. 19.) The strain
produced by torsion or twisting is essentially shear transverse and
parallel to the fibres, combined with longitudinal tension and
transverse compression. Within the elastic limit the strains increase
directly as the distance from the axis of the specimen. The outer
elements are subjected to tensile stresses, and as they become
twisted tend to compress those near the axis. The elongated
elements also contract laterally. Cross sections which were originally
plane become warped. With increasing strain the lateral adhesion of
the outer fibres is destroyed, allowing them to slide past each other,
and reducing greatly their power of resistance. In this way the strains
on the fibres nearer the axis are progressively increased until finally
all of the elements are sheared apart. It is only in the toughest
materials that the full effect of this action can be observed. (See Fig.
20.) Brittle woods snap off suddenly with only a small amount of
torsion, and their fracture is irregular and oblique to the axis of the
piece instead of frayed out and more nearly perpendicular to the axis
as is the case with tough woods.



Biaky by Ul 8. Forest Seveice,

Figure 20

Effect of torsion on different
grades of hickory. Photo by U. S|
Forest Service.

HARDNESS

The term hardness is used in two senses, namely: (1) resistance to



indentation, and (2) resistance to abrasion or scratching. In the latter
sense hardness combined with toughness is a measure of the
wearing ability of wood and is an important consideration in the use
of wood for floors, paving blocks, bearings, and rollers. While
resistance to indentation is dependent mostly upon the density of the
wood, the wearing qualities may be governed by other factors such
as toughness, and the size, cohesion, and arrangement of the fibres.
In use for floors, some woods tend to compact and wear smooth,
while others become splintery and rough. This feature is affected to
some extent by the manner in which the wood is sawed; thus edge-
grain pine flooring is much better than flat-sawn for uniformity of wear.

TABLE XII

HARDNESS OF 32 WOODS IN GREEN
CONDITION, AS INDICATED BY THE LOAD
REQUIRED TO IMBED A 0.444-INCH STEEL

BALL TO ONE-HALF ITS DIAMETER

(Forest Service Cir. 213)

COMMON End | Radial |Tangential
NAME OF Average surface||surface|| surface
SPECIES | pounds||Pounds||Pounds| Pounds
Hardwoods|

1 Osage 1,971 || 1,838 | 2312 | 1762

orange

2Honey | 41851 | 1862 | 1,860 | 1,832

locust

3Swamp || 4 474 | 1205 | 1217 | 1,099

white oak

[4 White oak|[ 1,164 [ 1,183 |[ 1,163 || 1,147 |




|I5 Postoak || 1,099 || 1,139 || 1,068 | 1,081
6 Black oak | 1,069 | 1,093 | 1,083 | 1,031
7Redoak | 1,043 | 1107 | 1,020 | 1,002
8 White ash | 1,046 || 1,121 | 1,000 | 1,017

{lo Beech 942 |[ 1,012 || 897 918
10Sugar | 937 | 992 | o918 901
maple
11 Rockelm| 910 | 954 | 883 893
12
Heckbery | 790 | 829 | 795 773
13 Slippery | 768 | 919 | 757 687
elm
14 Yellow | 776 | go7 | 768 739
birch
15Tupelo | 738 || 814 | 666 733
16 Red 671 | 766 | 621 626
maple
17 608 | 664 | 560 599
Sycamore
18 Black 551 | 565 | 542 546
ash
19 White 496 | 536 | 456 497
elm
20 239 | 273 || 206 217
Basswood

Conifers
1Llongleaf | 505 | 574 | 502 521

pine




ﬁrm”g'as 410 | 415 | 399 416
3 Bald 300 || 460 | 355 354
cypress

4 Hemlock 384 463 354 334
|5 Tamarack || 384 | 401 | 380 370
|6 Red pine 347 355 345 340
|7 White fir 346 381 322 334
8Westem || 355 || 334 || 307 342
yellow pine

9

Lodgepole 318 316 318 319
pine

[1.0 White 200 | 304 | 204 | 299
pine

11

Engelmann 266 272 253 274
pine
{[12 Alpine fir | 241 284 | 203 235
NOTE.—BIlack locust and hickory are not included in
this table, but their position would be near the head of
the list.

Tests for either form of hardness are of comparative value only. Tests
for indentation are commonly made by penetrations of the material
with a steel punch or ball 1€ Tests for abrasion are made by wearing
down wood with sandpaper or by means of a sand blast.



CLEAVABILITY

Cleavability is the term used to denote the facility with which wood is
split. A splitting stress is one in which the forces act normally like a
wedge. (See Fig. 21.) The plane of cleavage is parallel to the grain,
either radially or tangentially.

Figure 21

Cleavage of highly elastic wood,
he cleft runs far ahead of the|




wedge. |

This property of wood is very important in certain uses such as
firewood, fence rails, billets, and squares. Resistance to splitting or
low cleavability is desirable where wood must hold nails or screws, as
in box-making. Wood usually splits more readily along the radius than
parallel to the growth rings though exceptions occur, as in the case of
cross grain.

Splitting involves transverse tension, but only a portion of the fibres
are under stress at a time. A wood of little stiffness and strong
cohesion across the grain is difficult to split, while one with great
stiffness, such as longleaf pine, is easily split. The form of the grain
and the presence of knots greatly affect this quality.

TABLE XIll

CLEAVAGE STRENGTH OF SMALL
CLEAR PIECES OF 32 WOODS IN
GREEN CONDITION

(Forest Service Cir. 213)

When When
surface of|| surface of
ﬁﬁmgg’l‘: failure is | failureis
SPECIES radial tangential
Lbs. per ||Lbs. per sq.
sq. inch inch
Hardwoods
Ash, black 275 260
white 333 346
Bashwood 130 168 |




||Beech 339 527
|[Birch, yellow|| 294 287
I 5:2‘5% 401 424
white 210 270
||Hackberr 422 436
hgrf‘efit 552 610
{[Maple, red 297 330
sugar 376 513
Oak, post 354 487
red 380 470
Wﬁi"t";"mp 428 536
white 382 457
yellow 379 470
Sycamore 265 425
Tupelo 277 380
Conifers
Arborvitee 148 139
Cypress,
I bé’fﬂ 167 154
[Fir, alpine 130 133
Douglas 139 127
white 145 187
|{Hemlock 168 151

LIFSTION




e,

142 140
lodgepole
longleaf 187 180
red 161 154
sugar 168 189
western 162 187
yellow
white 144 160
Spruce, 110 135
||[Engelmann
||Tamarack 167 159







PART Ii
FACTORS AFFECTING THE
MECHANICAL PROPERTIES OF
WOOD

INTRODUCTION

Wood is an organic product—a structure of infinite variation of detail
and design.ﬂ It is on this account that no two woods are alike—in
reality no two specimens from the same log are identical. There are
certain properties that characterize each species, but they are subject
to considerable variation. Oak, for example, is considered hard,
heavy, and strong, but some pieces, even of the same species of
oak, are much harder, heavier, and stronger than others. With hickory
are associated the properties of great strength, toughness, and
resilience, but some pieces are comparatively weak and brash and
ill-suited for the exacting demands for which good hickory is peculiarly
adapted.

It follows that no definite value can be assigned to the properties of
any wood and that tables giving average results of tests may not be
directly applicable to any individual stick. With sufficient knowledge of
the intrinsic factors affecting the results it becomes possible to infer
from the appearance of material its probable variation from the
average. As yet too little is known of the relation of structure and



chemical composition to the mechanical and physical properties to
permit more than general conclusions.

RATE OF GROWTH

To understand the effect of variations in the rate of growth it is first
necessary to know how wood is formed. A tree increases in diameter
by the formation, between the old wood and the inner bark, of new
woody layers which envelop the entire stem, living branches, and
roots. Under ordinary conditions one layer is formed each year and in
cross section as on the end of a log they appear as rings—often
spoken of as annual rings. These growth layers are made up of wood
cells of various kinds, but for the most part fibrous. In timbers like
pine, spruce, hemlock, and other coniferous or softwood species the
wood cells are mostly of one kind, and as a result the material is
much more uniform in structure than that of most hardwoods. (See
Frontispiece.) There are no vessels or pores in coniferous wood such
as one sees so prominently in oak and ash, for example. (See Fig.
22))



Figure 22

Cross sections of a ring-porous|
hardwood (white ash), a diffuse
porous hardwood (red gum), and
a non-porous or coniferous wood
(eastern  hemlock). x 30,
Photomicrographs by the author.

The structure of the hardwoods is more complex. They are more or
less filled with vessels, in some cases (oak, chestnut, ash) quite large
and distinct, in others (buckeye, poplar, gum) too small to be seen
plainly without a small hand lens. In discussing such woods it is



customary to divide them into two large classes—ring-porous and
diffuse-porous. (See Fig. 22.) In ring-porous species, such as oak,
chestnut, ash, black locust, catalpa, mulberry, hickory, and elm, the
larger vessels or pores (as cross sections of vessels are called)
become localized in one part of the growth ring, thus forming a region
of more or less open and porous tissue. The rest of the ring is made
up of smaller vessels and a much greater proportion of wood fibres.
These fibres are the elements which give strength and toughness to
wood, while the vessels are a source of weakness.

In diffuse-porous woods the pores are scattered throughout the
growth ring instead of being collected in a band or row. Examples of
this kind of wood are gum, yellow poplar, birch, maple, cottonwood,
basswood, buckeye, and willow. Some species, such as walnut and
cherry, are on the border between the two classes, forming a sort of
intermediate group.

If one examines the smoothly cut end of a stick of almost any kind of
wood, he will note that each growth ring is made up of two more or
less well-defined parts. That originally nearest the centre of the tree is
more open textured and almost invariably lighter in color than that
near the outer portion of the ring. The inner portion was formed early
in the season, when growth was comparatively rapid and is known as
early wood (also spring wood); the outer portion is the /ate wood,
being produced in the summer or early fall. In soft pines there is not
much contrast in the different parts of the ring, and as a result the
wood is very uniform in texture and is easy to work. In hard pine, on
the other hand, the late wood is very dense and is deep-colored,
presenting a very decided contrast to the soft, straw-colored early
wood. (See Fig. 23.) In ring-porous woods each season's growth is
always well defined, because the large pores of the spring abut on the
denser tissue of the fall before. In the diffuse-porous, the demarcation
between rings is not always so clear and in not a few cases is almost,
if not entirely, invisible to the unaided eye. (See Fig. 22.)



Figure 23

Cross section of longleaf pine
showing several growth rings wit
ariations in the width of the dark:
colored late wood. Seven resi
ducts are visible. x 33,
Photomicrograph by U.S. Fores
Service.

If one compares a heavy piece of pine with a light specimen it will be
seen at once that the heavier one contains a larger proportion of late
wood than the other, and is therefore considerably darker. The late



wood of all species is denser than that formed early in the season,
hence the greater the proportion of late wood the greater the density
and strength. When examined under a microscope the cells of the late
wood are seen to be very thick-walled and with very small cavities,
while those formed first in the season have thin walls and large
cavities. The strength is in the walls, not the cavities. In choosing a
piece of pine where strength or stiffness is the important
consideration, the principal thing to observe is the comparative
amounts of early and late wood. The width of ring, that is, the number
per inch, is not nearly so important as the proportion of the late wood
in the ring.

It is not only the proportion of late wood, but also its quality, that
counts. In specimens that show a very large proportion of late wood it
may be noticeably more porous and weigh considerably less than the
late wood in pieces that contain but little. One can judge comparative
density, and therefore to some extent weight and strength, by visual
inspection.

The conclusions of the U.S. Forest Service regarding the effect of
rate of growth on the properties of Douglas fir are summarized as
follows:

"1. In general, rapidly grown wood (less than eight rings per inch) is
relatively weak. A study of the individual tests upon which the average
points are based shows, however, that when it is not associated with
light weight and a small proportion of summer wood, rapid growth is
not indicative of weak wood.

"2. An average rate of growth, indicated by from 12 to 16 rings per
inch, seems to produce the best material.

"3. In rates of growths lower than 16 rings per inch, the average
strength of the material decreases, apparently approaching a uniform
condition above 24 rings per inch. In such slow rates of growth the
texture of the wood is very uniform, and naturally there is little variation



in weight or strength.

"An analysis of tests on large beams was made to ascertain if
average rate of growth has any relation to the mechanical properties
of the beams. The analysis indicated conclusively that there was no
such relation. Average rate of growth [without consideration also of
density], therefore, has little significance ingrading structural
timber."18 This is because of the wide variation in the percentage of
late wood in different parts of the cross section.

Experiments seem to indicate that for most species there is a rate of

growth which, in general, is associated with the greatest strength,

especially in small specimens. For eight conifers itis as follows:12



Rings per inch
2

Dougias fir
Shortieat pine 12
Lobloly pine 6
Western arch
jestornbemiock 14
Tamarack. 20
Norway pine 18
Redwood 3

No satisfactory explanation can as yet be given for the real causes
g h frmaton o sy an e ood: Sevara fackors may

imolved. n conifers, at least, rate of growh alone does ot
et T bopoon o e o porons 1 e 1.t 1 some
and

ihe opposite is true. The quality of he site where e Iree grows
undoubtedy affects the character of the wood formed, though iLis not
posito o fornisie 2 o govemg . ngerera, Fovover, i
0 st uhars s e of orking s ssarkel s of
modsrarg I slow growth shoud be chosen. B In chooong 3
riarspecinenis 1ot o Wth of . b e poporion ara
Crarclo o o e wood whcn shoud

bt a6 ot g arous oo bors se 0 o4t 3oty
definte relation between the rate of growth of timber and its
operies. Tis Ty bo ety suened up e gorersl staomont

remembered, applies on 1o ing-porous woods such as oak, o
hickory, and others of the same group. and is, o course, sbject
some exceptions and imitations.

ihe 1ing in which the thick-walled, strengitvgiving fibres are most
susdn. As e reathof g ciminshes s mdde poron s
reduced so that very siow growth o8 comparavey o
oo oot comoses 1 el wwssoh

ocetpy fom 6 to 10 per cent o the of the log, while in inferior
ratrl by may make b 25 porcort o
good oak, excep! or radial grayish small pores, is dark

Cove an T corlss o Hecmatied tres o o o
o mor o the wood: by orir ek uchfre sreas aro much

oot o o o1 growth
Wio-inged oo is ofn caled "socon routh” becave e
tand d troes

Here not only . but foughness and resiience are imporiar
The resuls of a seris of ests on hickory by the US. Forest Service
show that shockresisting abily is greatest in wide-
finged wood that has fom per inch, s fai

fom 14 10 38 fings, and decreases rapidly from 38 1o 47 rings. The

vood; s masmum witsfom 14 20 g pe . and agln
becomes less as the wood becomes more closely ringed. The rat

20 rings per inch and that sower growth yields poorer stock.
redr o e of ekerysrkid dacnas agene mber et
s more b 20 g por ch Excepors ot foweer, n he
case of normal growth upon dry situations, in which the sow-grow

material may be strong and fough-

The effect of rate of growth on the qualfies of chesinut wood i
Srearze by he sams auberty as olows: ~Whan he igs ara
vide, e rston o spig woad lo et oo s s

le i the narrow rings the spring wood passes into summer wood
abrupy.Too width of 0 Sping wood changos b e i e widh
of the amual ring, so that the rarrowing or broadening of the annual

fing s always al the expense of the summer wood. The narfow.
vessels of the summer wood make it icher in wood substance than
ihe spiing wood composed of wide vessels. Therefor

specimens with wide rings. e wood tha

sprods (aich ahas v vido fge) ol bt ard iorger
than seeding chestnuts, which grow more. slowly  in
ot

scatiersd rougtout e g rstead o colectd in he ‘arl wood.

poros oo, apvoschg more_ nomy . condions
Corers. ' gerora i o bo sled Dat Such woods of adum
aouth sford stongermteral tan e very eply o vy vy
a d, strength s not the main consideration.

Gase o1 Tk 15 pized, woo0 Shouid b chosen i regar 1 s



e e B e e Lot o0 of e
rviteniers s e coriastben ot wood ofone
Seasor growtand he eary wood o1

HEARTWOOD AND SAPWOOD

Examination of the end of a log of many species reveals a darker-
colored inner portion—te heartwood, sumounded by a ighter-colored
zone—the . In some instances tis distincion n color i very.

o where ono leaves. o and th aber begine. The Colo of rash

decided tinge of green or brown
Sapwood is comparatively new wood. There s @ time in the early
isory of evry se when s vood s of sapucac, 1 princpe
pstors are tocon weler fom o 106 (st e

Yo i an g backaccorsig o o scason oot pvspamd in
o oo, Tha moro oaves  1oe nears and 0 mor iy 1n
Growth, Do loger o wokmTe of sapwond reqared, mnco Boee

roo: the open may become of considerable sze, a foot or
rars T elamel before ey hoarwood bagine b o o sxampe,

s a roe increases in age and diameter an imer porion of e

sapwood becores inactve and finally ceases 1o function. This inert

o dead porioni cled hearvood, drng s rame o fom s

and not from any vta importance to . as s shown by

o Tkt e co e i hoat conpitely docayee

Some.speies bogn o o earvood vy oar i e, whle n

o8 sty T sapucod s charcirisic of

i oos 25 cresyuk ek e, by, Onage rang, and

Sacetae whl gl san o Ny FacKoony. bostn, an
Gbloly pine, tick sapwood s he e,

Trere i o dfin o betvoen e aml irgs ofgrowth and

e o1 a8 s oo proprtorto e 5o e coun of

ihe tre. f the ings are narrow, more of them are requred than

by ar wid: A& 6 oo ges rgr e sapweoe st nocessary
ase materaly in volume. Sapwood s thcker

inthe upper porton of the ek of a e than near th base, because

Iheageand the diameter of the upper sectons are less.

a o0 is very young it is covered with limbs almost, if ot
orra 1o o rouns ok 3 1 rows ol 5o oo o wi
eventually die and be broken off. Subsequent growth of wood may

ratlr b smooth and ear o o e, o orese

uenty the sapwood of an ol free, and
»amws.\y of a lﬂres\qmm foe, wil be st fom s tan e
heartwood. Since in most uses of wood, knols are defects that
veaken e S ar it w1 8536 of woring A cier
ree,

pr
o e o acamsges oot oot

sound as t sualy does, since in many cases it is hundreds of
o 0w s ssandsofsars, o Eveybrojenint o

ro0L. o deep wol or faling tmber,
e o o e ar s oy e xH e
e trunk. The lane of many insects bore inlo the tees and their

wiwele Tomain-Indeiiely 25 sources of weakress. Wieiover
advarages, however, hat sapwood may have in this comecton are
due solely 1o s relatve age and position

sito
romain unchanged, it will make its most rapid growth in youh, and

wide, but later they become narrower and raower. Since each
sncoesdmg T s 61 dows o o500 1 whod prtonly

As a ree reaches maturity ifs crown becomes more open and the
s woodprocucion s esoned, thorbyrodir s mor o
width of the growt rings. n the case of forest.grown lrees so much
depons upen e Gompetiion of he wess I be sivogle o g
and

Somo trees, such as southern oaks, mairtain the same widh of fing
for hundreds of years. Upon the whole, however, a a ree gels larger
indiameter the widih of e growt rings decreases.

R is eviden! that there may be decided diferences in the grain of
neartwood and sapwood cul from a arge tree, partcuarly one that s
ovemature. The relationship between widih of growth rings ar

mechaical poperies of wood s dscussed e Balof Grouts
s ver, it may be stated hat as a general e the
wood o bl n o of o v 1 sohr s wooker and

og e sapuund, becaus f te mo in eI of o e wen
o, o b lrr n Priess s, nd gvess
eaualy sound rearwood

Afer exhaustive tests on a number of difierent woods the U.S. Forest



regarded as a defect"2Z Careful inspecton of the indvidual tests
made in the investgation fail to reveal any relation betwe
proportion of sapwood and the breaking strengih of imber.

i the study of the hickories the conclusion was:
oo o sgam 6 hoamiss. Spesteators Hacs
white hickory, or sapwood, In a igher grade than red hickory, or
hearooc Bough her 4o ihoren aieence nsvengh. nfac.

:
s comparativey weak. and tho best wood 1 in th ear, though n
young trees of iy growth the best woo is n he sap. s

s e avage vakss o hearyood ard sepuood n womertsof
o commercial ickois o seecion, show concusivol hat

the
e Soangi of Toghvess of the oot 15 ey vt ot

s cont et T isontho el et sapuoo is ot oy moro
than heartwo

o Sound bass ko lscmindon sganr sapwoss on oo of
strength, provided other condition are equal. R is true that sapwood
will ot resist decay s long as heartwood, if both are unieated with
presenatives. K s especialy 50 of woods with doep-colored
neartwood, nd resins, which

ek e o mors o less oo o decay produor . 1
however, the timbers are (0 be trealed. sapwood is not a defect; in
e bocaee of e et oase wih A . on b Impregaiod

b poclcatons o suchus irbars s s sormetmes e

‘mearing the inclusion of the pith or cenlre of the tree

Wibin 8 085 sackon of i Umber. From farmerous  exeres
positon

the mat & most season checks,
e hu bosivon of b pih may ancs e esslnce of a
seasored bear (o orzortl sheat blrg greatest when te it s
located inthe middle halfof the section:

WEIGHT, DENSITY, AND SPECIFIC
GRAVITY

From data obtained from a large number of tests on the srength of
diferert woods it appears that, oter tings being equal, the crushing

strength para i elastic lmit in bendir
and shearing st yain of wood vary in direct
proportion o the woight of dry wood por uit of volumo when groer
Otrer strength values ollow diflerent aws, The hardness varies in a
sighty greater square of the dersity. The

breaking point increases even more rapidy than the cube of dersiy.

The modus of rupture In bonding fos between the first power and
ihe square of the density. This, of course, is tue only in case.

a
wood

than a simiar_specimen free ffom such material. I
dflrarcesnweghtar ot degseof sasoni, natrrvor
o the . he

specimens of pine or of oak, for example, in he green cum‘lmm\ the
comparave storgih may bo Inorod ffam the welght I Is ot
per

T o et f g

thatis, e
e wals of tre flss o trr col, i pracicaly e sams i ol
speies, whlrr i, Nckony o cotooa, baing a e reatr
i hai again ds noavy a6 walr § vaiss Sy fom besch
sapuood, 150,10 Dovglasfrheartvood, 1.57, averaging about 155
130" 1 35 C. infoms of valer t i weshas‘ ensiy 4° C. The
U, Whan s s dispacad by walel he wood becomes ler
(ogged and sinks. L

"
another is because i contains a greater amount of wood substance.
Density is merely the weight of a uni of vokume, as 35 pounds per
cubic 0ot, or 0.56 grams per cubic centimetre. Specific gravity or

of distled vater at 4° C. (39.2° F.). A cubic foot of distled water at
4° C. weighs 62.43 pounds. Honce the specific gravity of a piece of
wood with a densiy of 35 pounds is

35

6243

T i te i por i oot et socif graiy i gvn.
simply muliply by 62.43. Thus, 0.561 x 62.43 = 35



system, since the weight of a cubic centimetre of pure water is one
gram. e dersy In grans per i cantnets hes
numerical value as the specic graviy

Since the amountof water in wood is extremely variable it usually s
not satisfactory 1o refer o the density of green wood. For scieniifc
ses the densit of oven-dry” wood is is, the wood is
e 31 o st wpershrs of 100°. 212°E) w8 corhrt
weigh s atained. For commercial puposes the weight or density of
S o “SMpaa 1 wood U T & ety STt
unds per thousand board feef, a board foot being corsidered as.
twelfrof a cubic foot.

Wood shirks grealy n g fom te green lo the owendy

cond ‘Consecuenty a bock of wood measunng
o eubic 1ot whon groan wil measute consdrabl oss whon v

ary
weight of he ry wood substance in a cubic foot of green wood. n
ther words, it s not the weight of a cubic footof green wood minus.

Yoiht of ovendiy oo, It s commonly exprsssed In taies of
"specifc gravity or densityofcry wood."
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This weigh divided by 6243 gives the specific gravity per green
volume. L is purely a fitiious quaniity To comert ths figur i
actual density or speciic gravty of the dry wood, it is necessary o
koow the amount of shinkage in volume. S s the percertage of
shrinkage from the greon (o tho oven-dry condition, based

green volume; D, the density of the dry wood per cubic foot while
green: and dithe actual density of oven-dry wood, thr

B}
—
1-08

This relaion becomes clearer fom the follwing analyss: Taking V'
and Was the volume and weigh, respectvely, when green, and v and

inwhich S s the percertage of srinkage from the green fo the oven-
cry condiion, based on the green volume, and s the same based on
the oven-ry volume.

h tables of specific graviy or dersily of wood it should avays be
dry

fom 6 to 50 per cent, though in confers it is usually
about 10 per cor, and In hrcwmods eare 15 por cot. (864 Tk
X)

COLOR

i species which show a distint difierence between heartwood and



sapwood the natural color of heartwood is invariably darker than that
o e sapwad.and vy reauerty e corast s corspicois Ths
s produced by deposis in the heartwood of various materials
st rom e process of crow erosced posay oy daton
chemical changes, which usualy fave litle or no
sppreciabe flecton he mecarical properis o e wood. (See
Heartwood and Sapuood.) Some experimentsZ2 on very
orgeat v spacimens, however, Ingeain an nrosss 1 stengh

impregnated with cude resin and dried s greatly increased in
strength thereby.

early wood, s fact may be sed injudging the densit, and therefore

h arossard storgthol o matral. Th s pariuay i caso

i conters 5. 1 fng-porous woods the vessels of the early
"ot nrsquarly dppea ona inshed sufaco 3 daer v o

sereer o

1 common . ExCaptn o manror ot sied e ok o wod

s no indicaton of trength.

inicating ursoundness, The black check in wester heriock is the
rosull of insect attacks 22 The reddish-brown sireaks so common in
ey nd cartan e woods ar mosty b e of e by

iscobraton o mersly a ndicaton ofan iy and
ol robaky doos ot of eck whoc . soperi of

s become crlerons of weakness. Ordinary sap-staining s dus (o
rgous ot but doss ot neceseay prockos  weskarks

CROSS GRAIN

Cross grain s a very common defect in fimber. One form of it is
o o

f plane of e
the

kmber cut is not paralel to the edges and is termed diagonal. This is
ikaly 1o occur whero the logs have considerabie taper, and in tis

Mpamle\wme growth fings.

logoal gl s shens voaker
Craghgranod malanal e oton o h defact g wih e
Gearas o1 arge e fres mate wi e s of g sick. n

serious where wood is subjected {0 flexre, as n beams.

Spist g vory common dfectn 3 oo, a1 when scssss
erdrs o ier welokes o use excei in e roud 1 |

e ral Grecion
Tioer i piral aran
S known a5 "ores woo4. Spal gai Lsual cam be detecied
b

e grinof o wood, by fic s commony mear s seciorl
view of the annual ings of growth cut longitudinal gy
vy sasy 1o low spicagraned mamnz\mpass\rspacncn g
Inroducing an element of weakness n a srct

methods for readiy detecting spiral gain. The simplest s
it of spiting a smallpiece radial. s nacessary, of cousse, that

wood woud spit straight, the fine of cleavage being between the
gmwm tings.

m ceiain oer arduoods hese ays o 5o rge b they o

i o Dy appoat s ok, onih ! s st Sres
o ey o boveen e fors i ratly olowsta oy il bo
verical or inclined according as. s straigh-grained or spiral
arined. Wi ey are ol onspicuous n e soTwood:

s used.

part follow along the rays. fone examines a row of telephone poles.
for example, he will probably find that most of them have checks
b

afer it was bady checked they woukd fal o pieces of their own
weigh. The only way to get straight materia would be o spit it ot

Rs for this reason that spit bilets and squares are stronger than
: .

i greaer the pich of the spial the greater isthe defec.

KNOTS

Knots are portions of branches included in the wood of the stem or



larger branch. Branches originate as a e from the central axis of a
stem.

layers which are a continuation of those of the stem. The inciuded
porton s imeguiarly corical in shape with the tip at the pith. The
directon of the fibre s at ight angles or oblque 1o the grain of the
stem, s producing local cross grain.

During the development of a ree most of the lmbs, especially e
lower ones, die, bul persis fo a time—often for years. Subsequent
layers of growth of the stem are no longer intimalely oined wih the
dead fimb, but are laid around it. Hence

oo

o
smm: e, kol are Sassfe sccodig e, e o, e

rialy affect checking and warping, ease in working, ar
Ceavilty of b They o delocs whch mecken mber ond
doprociato its valuo for stuctural puposos whero strongth is an

whers tmber s sufeced o borclg and el wters
compression. The extent to which knots afect he strength of a beam
Gepands pon b poslion san, e drocton of 11, and
coion. Aot o h st e comprssad. uleoreon 0

o) ers 1 seaso e It ot e eooaree 5 e
i s, S, ot Founms, may b 50 bt 3 s

b provect orglea) Sheartng, Kool Ina board or park ar kst
rhious hen ey oend trough ot fgh anls o i

‘which oceur near the ends of @ beam do not weaken .
Sount kot whichoaru i v conrl porion one et h eigh of
ihe beam from eitner edge are not serous defects.

Extensive experiments by the US. Forest Servicel indicate the
fobowing effecs of knots on sructral tmbers:

beams. Siifness and elastc strength are more dependent wpon the
qualty of the wood fibre than upon defocts in the boa.

(3) The eflec of knots s 10 reduce the difierence between the fibre
stress at elastic fimit and the modulus of uplure of beams. The
breaking strength s very susceptible o defecs.

(4) Sound knots do ot wesken wood when subject fo compression
paralel o the grain:

FROST SPLITS

A ommon deect i g ier et fom radl ot wich

extend inward from the periphery of the tree, and amost.f not al

marﬂu as. s most common in oos wich sl st
g thin bark.

|s st and s “eoriss rave been advareed o expan B

R HarligX beiieves that veezwv forces out a part of the imbibition
v of e col ks, bertycasig b veod b
interic et ot boan coolod argontal tains nse which
oty prosce o e

theory hoids that the water s not driven ou of the cell wals,
but that diflerence in temperaiure conditions of inner and oulr fay
s itself suficent to set up the sirairs, resuling in spiting. An ait
temperaure of 14°F. oress is considered necessary o produce frost
spits

il more recent theory is that of Busse who considers
ochatca acton 1 b it w0y Impevant facor o Svsonod:
(a) Frost splts sometimes occur at higher temperatises than 14°F.

(b) Most spls take place shorty before suniss, e, at the ime of
lowest air and solltemperature; hey aro never heard [0 ake place at
vering. (0)

(@ Theyare
1, broad.crowned trees; in younger stands It is aays the
Souest members ht ars found wih Fost opie, e in e young
stands they are altogether absert, (e) Trees on wet sites are most
fable (0 spis, due 1o difierence in wood structure, ust as difference
) Frost
splts are most numerous less than tree feet above the ground.

et wood fres arstoste in fension an compresson by e me
opposig forces roots exercise fension siresse:
Covey e oot f comprossionsvosses 1 3 & M oy

o erre parphery is essbisrc, e i Ioalzas adiora
strains, failre occurs. The sironger the compres:
Sovrer e svas. an o et {aksos ooss T ecmmnce o

o oponing of i Fost ks hers o tsion praccad by
frost alone i suffc



Frost spiits may heal over temporarily, but usually open up again
during the following wirter. The presence of ok spls is often
indicated by a ridge of callous, the resut of the cambiu

occlude the wound. Frost spits notonlyaffect the value of umber,but

SHAKES, GALLS, PITCH POCKETS

art shako occurs in nearly all overmature timber, being mor
et vt (copesal omky b n comers \wm\
neart shake the cenire of the hole shows indications of b

exte
ot fom s shkage of e hearvood due probably o chemice
changes in he woor

hako o tis
et ol ane or o corral bords wten i o umber, it
spiralgrained timber the damage s m

coras of several rdial defe 1 st st $hake, n some

rveried timber clefls due o heart shake may be
msmwsneu fom sessonrg cracks by be daker cor o ve

5. Suxt o open up more and
e 2 e s sospo”

g
fngs. Lis one of the most serious defocts 1o which sound tmber Is
subjec a5 il seiousyreduos he lehrical properes of wood. s

menion 1 octoranes s et Homert a o Ko rowth

eyers ofvry sl s, Corssquenty ey 1 oo
a

m improved condiions o ight and food, as in thiming. OId tmber is

buitlog. Cup shake is oten associated wih oter forms of shake,
and notinfrequently shows traces of decay.

The causes of cup shake are ucertain. The swaying action of the

growing in exposed places. Frost may in some instances be
responsible for cup shake or at least a contibuing factor, afthough
growing in regiors free from frost ofien have ring shake.

action, thus producing cup shake instead of, or in connection wih,
neart shake.

Aol st st o e i o 32
rind gal. ¥ the cambiu layer is exposed by the removal of the entre
ek or i 1l . Subserqun rowth e e damaged porion

The defect resuling s fermed find gall. The most common causes of
it aro fire, gnawing, blazing, chipping, sun scaid, fghtring, and
abrasions.

Hoat ok o e apled 1 arees ofcomprossion ke skrg

the grain found i occasioral logs. s tese

sl url o vood s abosoro o e e oo e

f this defect is mostly imited to the dense hardwoods,

Goch 5 nckry and 1o hovy vopical spaces, % b soece o

considerable Ioss in the fancy veneer industy as the veneer from
valuable logs so affected drops t pieces.

Powever, hat when he ree s felld the furk stkes across a rock or
arother g, and the impac causes actualfaikre in he 1og 28 in &
coam

Rosin orplen pacet reof commnoccurerce 1 e woodof

o e s of esin n apenrgs vt
layers of growth. They are more frequent n tr2es growing alone than
i hose of dons s, Tho pockes ar usuay a fow nchs n
greatest dimension and affectonly o or o growth ayers. They are
"

a single pocket. In grading lumber, pitch pockels are cassified as
1, stendard, and

INSECT INJURIES*

The larvee of many insects are destuctive (0 wood. Some attack the
wo0d of Ining trees, oters orly hat of felld o converted material
r

and if there aro very many of them the matertal may be uined for all
puposes where strengih s required.

Some of the most common insects aftacking the wood ofIving trees

ambrosa bootes, e locust borer. uspentre Dectes and teperine
s, and the whie pine weey



1o the

the material. This
on. such as poles, posis. mine props, and sawlogs, is subject
serious damage by the same class of insects as those mentioned
above, pariuar by th rouneaded borrs, mber woms, and
actured

Garmege fom ambloss bostes an aher weod boer. Somsored
nardwood umber of al kinds, ough handles, wagon stock, etc., made

per cont by a class of insecis known as powder-post
Finsrad rardoodprodcs s a hndes, wagon Poringe an
by

the powder um Septes Corarocion e . puings ridges

and trestes, cross-fes, poles, mine props, fenc etc, are
Somaimes sorousy i o whedmonng e, oo bk
ol camrta boos, and poucapost botes, and smatines

reduced in value from 10 10100 per cent. n tropical counties
termites are a very serious pest n s respect

MARINE WOOD-BORER INJURIES

Vastamrts of o s forples i whares and ober
Socires.ae Sortany oy Sesroyed o sonoutly kod by
i bores Amos Inariaby ey e conned 1 sak vt &
o o voods commory sed or i ae it o e
There geersof molusks Xyfoy an Terdo, ad e of
Craacens, Limors. Oholars oeroma, that do serlous
Gamage nmary aces Song mth s Alanic an Pacit Conss.
Thase mokiaks. wtch are popusy known a8 ~ahipyome;
weh alike in and mode of fe. They atiack the exposed
Saco of e wood and immecitely bogh o bare. To ke, ofen

ow a very ieguar, tangled course. Hard woods aro apparerty
pereiaiod s recdly a6 soh woods. o e 5o sper e
softe parts are preferred. The food consists of nfusoria and is not

oblained from the wood substance. The sole abject o boring o the
weod i to obiain sheter.

Atbough shipworms can ive in cold waler they thrive best and are

an average barked, unprotected pine pile on the Atantic coast south
Jong the entire

butone to tree years.

Of the crustacean borers, Limnora, or the “wood louse.” s the only

the wood for both food and sheller. The galkries extend invard
radialy, side by side, in couness numbers, to e depth o about one-
rl ch Th i yood s remainiyars desioyed by wave
aciion, 50 that a fresh surface is exposed (0 attack. Both hard and
Sot oo re e,k e o 1 05r I 5 3o wonds o
softer portions of a oo

Timbers seriously atiacked by marine borers are badly weakened or

more or less successiuly by the use of various kinds of extemal
 howeer, has pr

FUNGOUS INJURIES®

Fungi are responsible for almost all decay of wood. So far as known,

all decay is produced by liing orgarisms, either fungi or bacteria
Some species atack ing sss, sometimes g e, or

m oo inthocasof ey pros and s cocar g

o wootwith galaie e bose of bo, neeci. & roch G

varity work orly in felled or dead wood. even afler I is placed in

buildings or manufactured aricks. In any case the process of
desinction “The mycelial fireads penetrate the wals of
e colls in search of ood, wiich they ind eithr in the cel cont

(sarches, sugars, e, or in the cellwalisel. The breaking down of
the cell walls through the chemical action of so-callec
secread o bo g olows nd b cvermalprocuct s 3 “oten,

Cpecies remove th hgnasus mater an leve st pus cohios,

oo o koecohdoss. urg i o o o
fungus) which meroly stain wood usually do ot afect s mecharical
properties trocs e atlacks are excose,

Ris evident, then, that the action of ot.catsing fungi is to decrease

work in many kinds of miber afer itis placed in the buidings. They.
are partcuarly o be dreaded because unseen, working as they do

tin the wals orinide of casings. Several serious wrecks of large
buidings have been attibuted (0 this cause. R is statedL that n the
iree years (1911-1913) more than $100,000 was required (0 repair
damage due.



Diy ot develops best at 75F. and is said to be kiled by a
peraurs of 1107 £1Fusy 70 percont ity s recessary nthe

airin which a imber is suroundad for the

rohaly e vood mis b qute e s s sawrauon cummon

riheless Meruiius lacrymans (one

Spocot b boon e 1o o ot yors nd olght munns e

condition 2 Thorough Kin-dying will kil tis fungus, but will not

oo s ocmlopment, Arasople Keaon, Such 85 100500,

s he best prevenion.

v
of these the fungus dies or ceases 1o develop. Just what degree of
reises in wood 1 ncessar o th "y gus s o boen
identy considerably above that of thoroughly
a\rdfyl\mbsl ‘et more e 16 por art moistro. Horca tha

s alsoconciof 1 growhof g, h mostorale
emperars boing abou SO-F. They carot fow

G 1o degtse of ol sz a i Rorah il K e, On
ie other hand, high temperature wil kil them, but the spores may
suive_even the boiling tomperature. Moud fungus has been
observed 1o develop rapidly at 130°F. in a dry kil in moist ar, a

Thisfungus was kiled, however, t about 140" or 145°F &4

The fungus (Endothia parasitca And.) which causes the chestut
Bight ks e s by grding hem and s 0 dret efcct won e

PARASITIC PLANT INJURIES.*

The most common of the figher parasitc plants damaging timber
roes ar istoss, Nary speciesofdecdous rees a1 atacked
the tetoe(Phoradendron

veral of them are common on coniferous 1es in the Racky
o and i o ot co

One efect of the common mistetoe is the formation of arge swelings

eniie troe may sturted or distorled. The.
wester mistitoo is most common on the branct it
produces “wiches broom.  eauerdyatacks e turk s v, snd

Lch trees are filed with long, racial holes. which

boards cut fom
Serows, damago ordestoy o vl of o imper aecied

LOCALITY OF GROWTH

The data available regarding th efect o the locaity of growth upon
o properties of wood are not suficient o warrant definte
conclusions. The subject as, howover, boen kept in mind in many of
ihe U.S. Forest Senvice timber tesis and the folowing quolations are:
assembled from various reports:

(0 have but ite infleence on weight or strengt, and there is no

ssombing o Moy o o e lobloly,
g bot et iy s s ey Gt No. 5.5

i ocabos tav i beay and i gt
bt 30 ey B et 1 von e weak ard S

and the difference in qulity of material ‘semmmrmeumm
ofindividual vartation than of sl or cimate.”

presertative commities of the Caniage Buikders’ Association
a0 publcly dacre at i Importnt sty coud ot doperd
Upon the spples of scutarn nber, s a osk grown

wced
oo oo i oo 4 o s

of the mermbers of a commitiee on a fying ip trough one of the
greatest imber regions of the world.



at once collected (part
o) e corge e come) ot by o oo

a more extensive study inlo stuciure and weight of these

resistance).” Report upon the foresty invesiigations of the US.D A,

1877-1898, p. 331. See also Rep. of Dv.of For, 1890, p. 209.

oo o aro marysmah, s kot ich ot

sers Wik Pt o Ty s w sap, are likely fo be

sripocka,ad show vty o gowh Vv o theso oes o a

steep, dry south slope in West Virgiia had an average strength full
situatior

i toughness, the work to maximu 10ad being 36.8 as against 312
for pignut. The trees had about twice as many fings per inch as others
fom beter situations.

"Tis, however,is ot very sigrificant, as rees of the same species,

and siuation, show great variaton n thei techmical vaue. s hard 0

account for s diflerence, but t seems that tres growing in wet or

moist sitations are rather iferior {0 those growing on fresher sol:
be

soils is superior o that from sandy soiks

rhem and souem . T ipressionprovlls it souber
ikory s more porous and brash fen Nk

m hickory is as tough and strong as
e ko of e s age. But b soubem chcn-s hava a

T

many cases amounis o as much as 50 per cent.

s e rersrs vt o alfree i rertem ara souper
ickry o ol dus 1o Goographicocaton, bt raer 1 o e
of timber that is being cut Nearly al of that from souter river
botioms and from the Cumberand Mountains s from arge. 0id-
growth trees; thal from the north is ffom younger troes which are
aown urder mrs avoral cordirs,and s due imp o the
reater age of the southem trees that hic t region is
e e o e ot o o o 50,5, 5258

SEASON OF CUTTING

I is generaly beeved hat winter-feled timber has decided

cdianiages owr it it at ot sessors o o yet and o et

re eauerty sscbed much greser cursbily less

ismmy o chock ad s, ot color ard sven tcresed siern

o conceion o o vpermrte e

on he sujoc s tht whle h U of g . and o does,

affect the properties of wood, such result is due 1o the weather
conitons rather than to the coniton of the wood.

are two phases of ths question. One is concomed with the
physiological changes which migh take place during the year in the
4003 o a g o The oter el wit e purhypysica suts
G o tho waihor, s ifoancos n femperatr, umiy mos
and other features o be mentioned late

& who achers to the frst view maintain that wood cut in summer
1 oo cteroe composiion fom et ut i e, Ore cpion's
it in summer the * o in wirter it is "down"
consequeniy wiie el tmber 4 de. A varobon of s belel 5
Riains certain chemicals which

propertes of wood and does ot contain them in virter. Again tis
sometimes asserted that wood is actually derser in wiier than in
summer, as part of the wood substance is dissolved out n the spring
and used fo plat fo0d, being restored in the fal,

I s obvious hat such views coud apply only 10 sapwood, since it

dloe isn g conditon i e of o, Heatood i dead
‘aimost no funciion in the existence of the tree other

Crangen, ok o or g i o rro ioperdont of b
seasors.

Sapwood migh reasoably be expecied o respod (o sessora
it does. Just beneath the bark there s 2
i oye:of ko i e Srowng sessan s ot ataned
iheir greatest density. With the excepton of tis one annual rng, or
porion of one, the dersity of the wood substance of the sapwood is
nearly the same he year round. Slight variations may occr due fo

e Groning sezson The mo f cutin can e o matrl ofect
n e inherent sergt and ofer mechancal propeties of wood
ercoptin o outamost armusl g o1 g1

The popuiar beef that sap is up in the spring and summer and is

i s not been substantiated by experiment.
s Seesord s in o compostonof ap b 0 r 3 e
amount of sap in a tre Is concerned thare s fuly as much, If not

rers, dug e ikt b nsumer Wi o oo s iy,
+elld—




The
circumstances atiending the handing of the tmber afer it is feled.

s s 1 one e e rafor, o Secuse o o o
temperalure in summer. This greater hea is often acc
o iy, 3 concitons v vl b b a3 removal o

S
:
g
3
]
i
H

fater in hot weather thanin cod

Ris a matter of common obsenvtion that when wood dres it shirks,

GooFinz7)
apdly on s cuide i, e grstrsenkage of s oor
portions is bound o resul in many v:herks the rumber and si
increasing with the degree of inequaity of iy

b <ol weatrer, dnirg proceeds sowy bt unlulm\y thus alowing
wood elements o adjust themselves wih the least amount of
gk Summer, i proceeds apdy & roguar 5 ht

materal seasoned at that time is mre ikaly 0 spit and chack.

Thes s ls dange of s ot e vees re el n wirker
the fungus does not grow i the very cold weather,

tinper v 2 ronce s season o boow o dangor it et e

fungus gots a chance o atlack L. I the ogs n each case coud be cut

s v Inmciae et eling apd an ey o same

wreatment, for example, kif-ried, no diflerence due 1o the season of

cuting would be noted.

WATER CONTENT#

Water
wals, (2) n the prolopiasmic corlerts of the calt, and (3) as free

16 per cent of water in e cel walls, and none, or practically none, in
e tter fo ied wood rolains a small porcertage of
moisture, but fo all except chemical puposes, may be considered
absolutely ry.

render it softer and more pliable. A simiar effect of common
obsenation is in the softening acton of water on rawhide, paper, or
clot. Wittn certain imits the greater the water contert the greater ts
scnemﬂg effect

ning lecided increase in the strenglh of woot
Ceni el Spocers A et v oo case o 4

per the
same size will supporl.

The greatest incroase due 1o drying is in the ulimate crushing
strength, and sirength at lastic mit in endwise compression: these
are followed by the modus of rupture, and siress at clastic it in

ratios are shownin Table XV, but t s 0 be noted that they apply only
10 wood i a much drier condition than is used In praciice. For airry
wood the ratos are considerably lower, paticuiary in the

it svorgh an o oasic mit. Sifess (ian e clastc
imi), whie folowing a simiar faw, s less affectad. In the case of
shear parl) o e ra, o generaefctof g st norocse

ryvrvage.

TABLE XV

EFFECT
PROPERTIES OF WOOD, SHOWN IN RATIO OF
INCREASE DUE TO REDUCING MOISTURE
‘CONTENT FROM THE GREEN CONDITION TO
KILN-DRY (3.5 PER CENT)

(Forest Senvice Bul 70,p. 89)
ongest

KIND OF
STRENGTH

Spruce (Chestnut|
m m mle[m@
Crusting serath ;g9 2 60/a.713.41/283|2.55
paralel t grain

Elastic mitin

o grain

bending

in bending

right angles o grain
[srearmg sverai T, 01 o1l asf 1.5 1.

IIModulus of elasticity




fin compression ‘1 63 ‘1 AT| ‘z 25”2 081. 03‘1 29

s of elastclty

Inbonirg (43

e

T

NOTE —The e n o fstcoum show o
rolativ increase in sirength between a green
pocimon and a kinry pocmon of squa 20, The
figures in the second column show the relaive
jrrease of engthaf s same ok afer bong
dried from a green condiion o 3.5 per cent misture,
correcion having been made for shikage. That s,

area are used: n the second the values per uitof
area of green wood which shinks to smaleer size
\whendried. See aiso Cir. 108, Fig.1.p. 8

The

which wood fak. In compression tests on very diy specimens the

eniire piece splts suddenly into pieces before any bucking takes

place (12 Fig 5 whle Wi e el e Dk s vay

gadualy, dun o tho bucking o baring of th wal o e fbres

Sl oo of moroshearing pres. See i, 14) hborcing s on

wel beams, fst ke occrs by compresson on bp of e bea,

gradually exending noutal ais. Finaly the

b o o o

s usaly by piting o tersion on o rder ode (o E_I1)
toperand i o sudden and it

e the load is il inreasing. The
Somanat i dreront spocos. chosin. for g becomig
Jock,
el srongolwooy ot fociod b g k.

i drying wood no increase in strengh resus uni he free water s
evaporald and e co vals begin o G2, s cical po ras

b cok w7 ot w3 et e e
vaor absotb morl e o catios and racairspacs. o
e o flecton ho mecrrical properies. Herco,soing green
wood does ot lessen its strenghh uess the waler is
whereupon a decided weakering resufs.

e stergiharing ffecsofdning il very marked n e caso of
smal pieces, may be fuly offsel in siructural timbers by inherent
veakeing oecs s 0t sphing apar o D wood oo 55
a result of ireguiar shrinkage, and in some cases ako f the siti
of the cell walls (see Fig. 25). Consequenty with large mbers in

nsafe lo count ngth, even
afer seasoning, than that of te greenor fresh condition.






















































































































































































































































































































