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,. PREFACE TO THE SECOND EDITION i

Shortly after the publication of the first edition, the Conservation
Livision of the War Production Board issued Directive 29, known as
“National Emergency Specifications for the Design, Fabrication, and
Ereetion of Stress Grade Lumber and Its Fasteninigs for Buildings.”
These specifications increased the working stresses for lumber which was

graded for strength and changed the design formulas normally used to
agree with this increase. ‘In addmon the safe working loads for all typeS

of fastenings were also increased. However, since this change in speclﬁ-
cations applied primarily to buildings and was intended as an emergency

. measure, it was felt that no revision of M odern Y zmber Design was
. necessary.

Tn 1944 the National Lumber Manufacﬁurers Association recom-

° * mended the adoption of Directive 29 as a permanent design manual and

published “National Design Specification for Stress Grade Lumber and
Its Fastenings.” In effect, this publication is similar to Directive 29 in
that the working stresses were given an over-all increase of 20 per cent.
This specification I is now widely used and has been generally adopted by
the practicing engineer. It seemed advisable, therefore, to revise the
tirst edition of Modern Timber Design to conform with standard practice.

The revision is quite extensive because the change in working stresses
“and specifications affected almost every chapter. Since the book was
undergoing an over-all revision, an excellent opportunity was provided to
add information and data ‘that were found lacking in the first edition.
Many users of the book thought that more explanation was needed about
the testing methods for wood and about the factors affecting the strength
of wood. Because most textbooks on strength of materials do not in-
wiude the latest information on the relationship between stresses and
strains in wood under load, I felt that this material should also be added.
Consequently, two new chapters have been added. These are entitled
““Mechanical and Related Properties,” and ‘“Mechanics of Wood.”

I am particularly indebted to the Forest Products La,boratory, the
National Lumber Manufacturers Association, and the Timber En-
gineering Company for the use of data and mformatlon contained” in
their publications.

Howarp J. HANsEN

(GGAINESVILLE, FLORMDA
January, 1948
v
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PREFACE TO THE FIRST EDITION
S

Part of the material in this volume was used by the author for a'course ©
in modern timber design given as one of the engineering, science, and .+
management defense training courses at Tulane Univer: sity. Since then, *
the original material has been revised, new subjects have been covered

»nd many illustrative problems have been added. The present, volume

is used in a comprehensive course in timber design given to first-semester "
seniors at the Agricultural and Mechanieal College of Texas. Since
a course in indeterminate structures is offered in the last semester of e
the senior year, this book does not include the desigu of this type of :
wood structure. However, all the basic information needed by the -
designing engineer is included. The book is mtended not only as a text- | .
book but also as a guide and reference for practicing engineers.

Because wood is different from other materials and because it is non-
homogeneous, most of the design data have been derived from test
results. It has been the function of the personnel at the Forest Products
Laboratory at Madison, Wisconsin, which is a part of the United States
Department of Agriculture, to develop the necessary data for scientific
design in wood, and most of the available information is a result of their
tests and interpretations. Naturally, then, no book on timber design
can be written without due acknowledgment to the staff of the Forest
Products Laboratory. Generous use has been made of their publications. .

I gratefully acknowledge the help given by the National Lumber
Manufacturers Association, the Timber Engineering Company, the
West Coast Lumbermen’s Association, the Southern Pine Association,
the Douglas Fir Plywood Association, and the Service Bureau of the
American Wood Preservers’ Association. .

I am also grateful for the criticisms and suggestions offered by Pro-
fessor-C. E. Sandstedt in his review of the contents.

Howarp J. HanNsen
CoLLEGE StaTION, TEXAS
Jeanuary, 1943
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CHAPTER I
CHARACTERISTICS AND PROPERTIES OF WOOD

1. Gemeral. There are more than 180 species of trees grown in the
United States that may be considered commercially important. Tow-
ever, the number suitable for structural purposes is relatively small.
Nineteen distinct groups have been assigned working stresses; these a»s
ash, beech, birch, chestnut, cypress, elm, fir, gum, hemlock, hickory,

“larch, maple, oak, pecan, pine, poplar, redwood, spruce, and tupelo.
Many of these comprise several species that have individual commercial
names and are distinguishable because of their locality of growth and
their physical and mechanical properties. Of all the groups, two are
used most extensively for structural lumber. These are the southern
pines, which grow in the Atlantic and Gulf states and as far north as
West Virginia and Kentucky; and the Douglas firs, which grow in the
coastal region of Washington, Oregon, and California and in the inland
region of Montana, Idaho, Washington, and Oregon. .

In using any species in' the design and construction of timber struc-
tures, it is not necessary for the engineer to know a great deal about the
chemical composition of wood. However, an understanding of this sub-
ject will often aid him in zelecting the proper species under various con-
_ditions of use. Of more importance to the designing engineer are the
mechanical properties of the different species, the factors afiecting their
strength, the intelligent use of their assigned working stresses, and the
characteristics which make their use in design different from other
structural materials.

, 9. Hardwoods and Softwoods. All species are divided into two
general classes, namely, hardwoods and softwoods. However, no defi-
nite degree of hardness divides the two groups. Differences in structurs,
appearance, size, and quality keep the two groups separated. Many
of the hardwoods such as oak and hickory are very hard, whereas many
of the softwoods are soft; but there are many exceptions such as bass-
wood which is classed as a hardwood but is among the softest of native
woods. Longleaf pine, on the other hand, is classed as a softwood but
is about as hard as any hardwood. Softwoods are also called “conifers”
Because most species are cone bearing. The two groups are most acecu-
1
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‘coating.

‘cambium. It is here that new wood and bark cells are formed.
D is the sapwood, which is light in color. - Its function is to carry sap _

2 CHARACTERISTICS AND PROPERTIES OF WOOD

rately differentiated by calling all trees with needle leaves soft.\’iiioodsl
and all broad-leaved trees hardwocds. , 5 '

» 3. Structure.- Wood is composed of elongated cells whose framework

is cellulose. The cells are cemented together by lignin, and their &r-

rangement in the tree greatly affects the appearance and properties of -

the different species. The cross section of most trees will show certain

features that are common to all trees; Fig. 1 illustrateg the important =
F-J .

parts that make up the structure of any tree.
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Fia. 1. Typical cross section of a tree.

A is dry, dead tissue called outer bark which serves as a protective
B is the moist soft inner bark which carries food from the leaves to

other parts of the tree. :
C is a microscopic layer just inside the inner bark which is called the

=

from the roots of the tree to the leaves.

E is the heartwocd, which is usually dark in color. It is formed by a
gradual change in sapwood and is inactive in the tree.

F is the pith. It is here that the new wood growth for twigs takes
place. : : :

@ represents wood rays which connect the various parts of a tree for
the storage and movement of food. .

4. Heartwood and Sapwood. Heartwood is formed by a gradual

change in sapwood. When jwood' is used under conditions conducive to
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decay, a large amount of heartwood in the cross section of a piece is desir- e

~ ahje because the heartwood of all species is more durable than the sap-
. wood. However, if the material is to be treated, sapwood is preferable

because it absorbs preservatives more readily.
The heartwood of some species is considerably more durable than

otherse Table 1 may be used as a guide in comparing a number of

species. -

5. Growth Rings. As shown in Fig. 1, concentric rings start at the
center or pith of the tree and continue outward toward the bark. Each
ring represents the growth of the tree during one year. This growth is

. in the cambium, so that the new wood is added just inside this layer aifid

P

&

tends to push the bark outward. When trees grow in a variable climate
it is possible to distinguish one growth ring from another because the
cells formed during a cold season are different from those formed during
a WgIm season. 2

8. Springwood and Summerwood. Each annual ring is divided into
two layers. The inner one, called springwood, is developed during the

_first part of the growing season. It is composed of large cells with thin

walls and is vsually lighter in color than the summerwood. The outer
layer, called summerwood, consists of smaller cells with thicker walls
and is the dark portion of the annual ring. It is heavier and stronger
than springwood and has an important effect upon the strength proper-

-ties of most species.

7. Density. Density is a definite criterion of the strength of roft-
woods. It is determined by the rate of tree growth and the amount of
summerwood present. This means that the strength of a piéce of wood
is being measured by the amount and distribution of wood substance,
which is the material making up the cell walls. The specific gravity of
this wood substance is the same for all woods, 1.54, and all woods would
be of the same specific. gravity throughout were it not for the difference
n the arrangement and size of cells and the thickness of the cell walls.

In grading softwood lumber for structural purpeses, the number of
rings per inch radially and the proportion of summerwood in the cross
section of the piece are considered as part of the specifications. Mate-
rial having a specified minimum nunber of rings per inch is termed
“close-grained,” and material that has in addition one-third or more of
summerwood is termed “dense.”

8. Grain. The wood from trees of rapid growth will have wide annual
growth rings and is called coarse-grained. On the other hand wood from
slow-growing trees has narrow growth rings and is often called close-
grained. Straight grain and cross grain are used to describe wood in
which the fibers are parallel to, or at an angle to, the sides of the piece.

<
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[Woud Handbook, U. 8. Dept. Agr., 1935]

Heartwood durable even when used under con-J

ditions that favor decay. s

Y

Heartwood of intermediate durability but nearly
as durable as some of the species named in

the high-durability group.

Heartwood of intermediate durability.

Heartwood between the intermediate and the

nondurable group.

Heartwood low in durability when used under

aonditions that fuvor deecay.

Tzbie 1. Durability of Heartwood of Various Species

{ Cedar, Alaska.

Cedar, eastern red.

Cedar, northern white. -
Cedar, Port Orford.

Cedar, southern white. *
Cedar, western red.
Chestnut.

Cypress, southern.

Locust, black. St s
Osage-orange. ,

Redwood.’ Ie
Walnut, black.

\Yew, Pacific.

[Douglas fir (dense).

Honey locust. :

QOak, white.

| Pine, southern yellow (dense).

[ Douglas fir {unselected).

Gum, red.

Larch, western..

Pine, southern yellow (unselected).
 Tamarack.

(Ash, commiercial white.

Beech.

Birch, sweet.

Birch, yellow.

Hemlock, eastern.

Hemlock, western.

Hickory. e
Maple, sugar.

Osk, red.

Spruce, black.
Spruce, Engelmann.
Spruce, red.
Spruce, Sitka.
(Spruce, white.

( Aspen.

Basswood.
Cottonwood.

Fir, commereial white.
| Willow, ‘Black:




KNOTS 5

" The slope of grain, expressed as a ratio between a one-inch, deviation of
the grain from the side of the piece and the distance within which this™
deviation occurs, is taken into consideration in the specifications for
structural timbers because it has a marked effect on the strength of the
piece. i : '

Grain, however, usually refers to the appearance of the piece. Lum-
ber sawed in such a manner that the annual rings form an angle of 45° or:

Flat gramn

Fia. 2. Flat- and edge-grain lumber.

more with the surface of the piece is called edge grain, vertical grain,
or rift sawn in softwoods and quarter sawn in hardwoods. Flat grain or
plain sawn refers to lumber'that has been sawed approximately tangent
to the growth rings, that is, the rings form an angle of less than 45° with <
the surface of the piece. : :

9. Knots. The many types and classifications of knots depend upon
the appearance of the knot on a sawed surface and on whether the knot
is the result of a limb that was
glive or dead when the tree was cut.
. The engineer should be concerned
with the influence of the knot on
the strength of a piece of wood
rather than with the type of knot.
Knots affect the strength because
it is necessary for the grain to G 3. Knots, checks, and shakes.
deviate from its regular direction .
in passing around them, and because checking often results iu and
around them as the piece loses moisture. The influence on strengthis
determined by the location of the knot and the area that it occupies
in the cross section of a piece.




6 CHARACTERISTICS AND PROPERTIES OF WOOD

‘The rules for grading structural lumber, which depend upon the:
“Working stress assigned to the individual grade and whether or not the
piece is to be used as a beam or column, limit the size of knots.

10. Checks and Shakes. A check is a lengthwise separation of the
wood across the annual growth rings, and a shake is a separation along
the grain between the annual growth rings. A number of checks and
shakes in a piece will reduce its working value in shear. The amount
and location of checks and shakes are limited in structural timbér grades.
In some grading rules the unit working stress in horizontal shear is the
same for all structural grades, but higher or lower horizontal shear
sfresses may be secured within certain limits by specifying the Workmg
stress that is desired.

11. Moisture Content. Wood contains a considerable amount *of
free water within its cell walls. After a tree is cut it begins to lose mois-
ture, and the moisture content continues to drop throughout the entire

25
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Crart 1. Humidify-moisture-content relationshipy at three temperatures. (Wood'
Handbook, U. S. Dept. Agr., 1935.)

manufacturing process. This moisture content is defined as the weight
of water contained in wood expressed as a percentage of the weight of
the oven-dry wood. When put into use, wood will continue to dry
until it is in equilibrium with the surrounding atmosphere. By equi-
librinm moisture content is meant the ultimate moisture content depend-
ing wpon the temperature and the relative humidity in the atmosphere,
that wood will attain. Chart 1 shows the average relationship between
the moisture content of wood and the relative humidity of the surround-
ing atmosphere at three temperatures.

[



SHRINKAGE o

Wood is said to have reached the fiber saturation point when all the
free water in the cells is evaporated and the cell walls are still s&tura.ted

This point is generallv reached when the moisture content is between 24

and 30 per cent. ~ As wood dries beyond the fiber saturation point it
increases in strength. However, such properties as toughness or shock
resistance decrease because wood in a dry condition will not bend as
much as Wood in a green condition. In commercial structural grades
the increase in strength due to drying is to a large extent offset by the
influence of defects that develop during seasoning.

12. Shrinkage. Shrinkage takes place after the fiber sa,turatlon point
has been reached. Accompanied by a reductlon in momture content is

30

201 \\
TR

Radial Tongential

Moisture Content (Per Cent)

oL \ =,
o 3¢ ) B 3 4 o 6 1580508 10
: Shrinkage (Per Cent of Green Dimension)
CEABT 2. ' Average moisture-shrinkage curves for southern pine and Douglas ﬁr
(Wood. Handbook, U. 8. Dept Agr., 1985.)

°

a reduction in the size of a plece, for as wood dries it also shnnks Wood
shrinks most tangentially or in the direction of the annual growth rings

and about one-half to two-thirds as much radiaily or across the annual

rings. - The longitudinal shrinkage in most woods is negligible. Tests
at the Forest Products Laboratory have established average shrinkage
values for all species. Chart 2, which shows typical moisture<shrinkage
curves for Douglas fir and southern pine, may be used for estimating the
amount of change in dimension that will take place with a change in
moisture content.

y )
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8 - CHARACTERISTICS AND PROPERTIES OF WOOD

Naturally, the engineer should attempt to secure lumber that is
seasoned to its ultimate moisture content. However, it is seldom pos-
.sible to obtain large timbers fully seasoned, and therefore a certain
amount of shrinkage is to be expected and provided for in the design.
Methods of design and construction that provide vertical bearings
across the grain should be avoided. For instance, the use of joists
placed directly on top of a girder increases the vertical height of wood
used and results in increased shrinkage. If the joists bear on°ledger
strips fastened to the sides of a girder, there is a reduction in vertical
height and less shrinkage. In the construction of mill buildings and
similar structures this same idea can be carried out to eliminate part of
the shrinkage by using metal post caps to separate the upper column
from the lower column. This means that the girder is not being used as
& bearing for the upper column. The use of a cast-iron pintle, bearing
on a metal post cap, will produce the same effect and will also allow
the girder to bear directly on the lower column. ]

Structural joints fabricated with green wood and loaded before sea-
soning takes place should be inspected at regular intervals while the
timber is undergoing a reduction in moisture content. If nails become
loose, simply resetting the old nails is not sufficient; the joint should be
reinforced with additional nails. The design details for bolted joints
and for joints employing connectors, given in Chapter V, provide reduc-
tions in the safe design loads for different conditions of seasoning, but
these, joints should be inspected for serious checks that might weaken
them and for loose bolts. ; {

13. Sizes. A table of sizes for the various items of lumber manu-
factured is included in the Appendix. For material 2, 214, 3, and 4 in.
in nominal thickness, the actual thickness or dressed size becomes 184,
214 254, and 3% in. respectively; the actual width is 3% in. off the
nominal width through 7 in. and 14 in. off the nominal width above that
dimension. For material 5 in. thick and thicker by 5 in. wide and
wider, the actual thickness and width are 14 in. off the nominal. Calcu-
lations for areas and moments of inertia are based on actual sizes. How-
ever, lumber is sold on the basis of the contents of the nominal size
expressed -in terms of board feet. A board foot is the contents of a
volume 12 by 12 by 1 in.



CHAPTER 1I
MECHANICAL AND RELATED PROPERTIES

14. Strength Properties. The structure of wood makes it unlike
any other structural material, and no two pieces of wood have exaetly
the same strength properties. ‘Consequently, the development of the
mechanical properties for important species required thousands of tests
in order to obtain true average values. Several hundred thousand tests
have been performed at the Fotest Products Laboratory on small clear
specimens from 164 species. Table 2 gi{fes the strength properties of
the commercially iraportant species; information on additional species
appears in Technical Bulletin 479, published by the United States
Department of Agrieulture. )

The values in Table 2 are primarily for the comparison of species in
the form of clear wood and should not be used in design.

TESTING METHODS

The mechanical properties given in Table 2 are the results of tests on -
specimens 2 by 2 in. in cross section and of various lengths, depending
on the type of test. Only clear specimens free from kuots, cross grain,
shakes, and checks were tested. _

15. Static Bending. In the static. bending test ‘the specimen is
2 by 2 in. in cross section and 30 in. long, supported on roller bearings
which rest on knife edges 28 in. apart. The load is applied at the center
of the span through a hard maple block 313{¢ in. wide with a curvature
of 3 in. radius over the central 2}4 in. of arc and a eurvature of 2-in.
radius on each side (Fig. 4). The beam is placed with the annual rings .
horizontal and a constant rate of deflection (0.1 in. per minute) is main-
tained until the beam fails. ;

The fiber stress at the proportional limit is the stress at which the
load ceases to increase in difect proportion to ‘the deflection. - ° :

The modulus of rupture is the stress obtained by using the maximuin
load, instead of the load at the proportional limit, in the fermula
f= Mec/I ‘ : :

9
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MECHANICAL AND RELATED PROPERTIES
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