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WORKSHOP GUIDE

Stationary machines

» Wear appropriate safety gear: safety
glasses or a face shield, and hearing
protectors or ear plugs. If there is no
dust collection system, wear a dust
mask. For exotic woods like ebony, use a
respirator; the sawdust may cause an
allergic reaction. Wear work gloves when
handling rough lumber.

» Make sure that workshop lighting and
ventilation are adequate and that work
surfaces are large and sturdy.

e Read your owner's manual befare
operating any machine.

e Keep children, onlookers and pets away
from the work area.

 Unplug a machine before performing
set up or installation operations.

e Keep blades and cutterhead knives sharp.

SAFETY TIPS

» Turn the machine off if it produces

an unfamiliar vibration or noise; have
the machine serviced before resum-

ing operations.

¢ Do not use a machine if any part of it
is worn or damaged.

 Roll up long sleeves and remove rings
and other jewelry that can catch in
moving parts.

e Keep your hands well away from a
turning blade or cutterhead.

e Find a comfortable stance; avoid
over-reaching,

= Concentrate on the job; do not rush,
Never work when you are tired, stressed
or have been drinking alcohol or using
medications that induce drowsiness.

* Keep your work area clean and tidy;
clutter can lead to accidents, and

sawdust and wood scraps can be a
fire hazard.

Chain saws

o Wear safety goggles, hearing protection,
work boots and a hard hat. Make sure
your clothes are close-fitting and long
hair is tied back.

 Operate a chain saw only outdoors on
adry, clear day.

o Mix fuel and add it to the fuel tank at
least 10 feet away from your work area.

e To start up the saw, carry it to the work
area and set in on the ground; make
sure the chain is not contacting anything.
Brace the tool with your foot and one
hand, and use your other hand to pull
the starter cord.

» While operating the saw, hold it firmly
with both hands,

FELLING A TREE

Making the undercut and the backcut

To fell a tree to make your own lumber
(page 36), begin with an undercut one-
third the way through the trunk on the side
facing the direction in which the tree should
fall. Cut the wedge angling up from the
base of the tree. Known as the Humbolt
undercut, this method saves lumber from
the most valuable part of a tree—the lower
part of the trunk—a chunk of which
will be lost with the traditional technigue
of undercutting. Then make a backcut

a couple of inches above the undercut from
the opposite side to fell the tree. The
backcut should stop an inch or two from
the undercut to leave a hinge that will
control the direction of the fall and help
prevent blade kickback.

Direction of fall <a——
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undereut

Humbeolt /

undercut

Backcut

ANATOMY OF A BOARD
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INTRODUCTION

John Sharp talks about

WOOD
IDENTIFICATION

I was exposed to wood identification at an early age while working at our family
sawmill in Union County, Tennessee, during the summers. I felt a great deal of
curiosity about the vast differences I could see between the logs of various species as
they were “opened up” and the lumber moved from the saw deck.

Oak, poplar and other common hardwood logs made up the majority of logs deliv-
ered to the mill, but there was the occasional odd species, such as persimmon or sas-
safras. My job was to separate the lumber by species. If a poplar board was found in
a stack of oak, that was my fault, so I quickly learned my woods.

At that time I only knew the common names of the different species. Not until
[ encountered wood anatomy courses in forestry school did I realize the importance
of scientific names, for common names were variable from region to region.

Wood identification has come a long way since the turn of the century, when Yale
was the only school teaching forestry studies. Now there are 25 to 30 places where wood
identification is offered as part of the curriculum. When I was in forestry school in
North Carolina, just after World War II, an integral part of our work involved iden-
tifying wood samples. When we came across an unfamiliar species, say sourwood,
which wasn't a commercial wood, our task became more difficult. I can still remember
a classmate of mine, a war veteran who survived Guadalcanal, remarking that he swore
he'd never worry about another thing in his life, but there he was worrying, as we all
did, because he couldn't tell the difference between ash and hickory.

At the time, wood identification tools consisted of a hand lens and textbooks fea-
turing small black-and-white photos of species samples. With a view to reducing the
anxiety associated with identifying wood, I have worked very closely over the years
with a photography lab at the University of Tennessee to get better photos. Wood lovers
can now refer to good quality 8-by-10-inch photos of wood types in all sorts of
places—from woodworking publications to bookstores in our national parks.

John Sharp is a retired University of Tennessee
professor of forestry and a member of the Inter-
national Wood Collectors Society. He works
from his home near Knoxville, Tennessee.




INTRODUCTION

Andrew Poynter talks about

BUYING AND
SELLING WOOD

A s a supplier of hardwoods and fine veneers for the last 20 years, I have been priv-
ileged to get to know some of the finest woodworkers in North America. I've
also learned a lot about wood and its qualities, not only the good qualities, but the
baffling ones as well.

Looking back, I suppose my own interest in wood began many years before I estab-
lished my company. In fact, I can vividly recall my first hands-on experience with a
piece of Brazilian rosewood—completely captivating!

That was in the mid-"60s, and in those days wood turners, luthiers and furniture-
makers had little to choose from in the way of different woods. Although they could
read wonderful descriptive passages about Macassar ebony, satinwood, kingwood, and
50 on, trying to find a reliable source for all those fine woods was next to impossible.
The need to inventory a selection of wood for the furniture that I pictured myself mak-
ing was one of the reasons I started my wood dealership in 1973

My furnituremaking gradually tapered off, and by 1975 I was putting all my efforts
into the task of marketing and selling fine hardwoods and veneers. At that time, every-
one said the rain forests would go on forever, and that there was so much wood in
the Amazon that we would never run out. However, the passage of time and the
demand for wood have done two things to the timber trade: First, a proliferation of
wood dealers and wood varieties have entered the marketplace—a plus for those of
us who love wood. Second, we became complacent about the true value of various
species and the sustainability of their supply. We are now only too aware that the rain
forests may not go on forever.

Although the problems causing deforestation are very complex, there are steps that
woodworkers should take to help improve the situation. “Measure twice and cut once”
may seem almost too basic, but it can make a difference in reducing our consumption.
Using veneer whenever possible is another step in the right direction.

I’ve become an active member of the Woodworkers Alliance for Rainforest
Protection. WARP was founded in 1989 by a concerned group of woodworkers, wood
turners, luthiers, wood merchants, tool dealers and lovers of wood. Central to many
of its programs, WARP encourages the use of wood from sustainable or well-managed
sources. It is now evident that much has to change in global forestry practices over
the next few years if woodworkers in the future are to enjoy the remarkable selection
of wood that is available to all of us today.

Andrew Poynter holds a piece of redwood burl at his
store, A & M Wood Specialty Inc., in Cambridge,
Ontario. The company sells more than 100 types of
wood to woodworkers throughout North America.







INTRODUCTION

Jon Arno talks about some

FAVORITE
WOODS

ince I grew up in a family that owned a lumber business, working with wood has

been a lifelong interest of mine. While many fellow woodworkers tend to con-
centrate on tools and methods of construction, I find that the real essence of the craft
lies in the medium we use—the wood itself. The world provides a great many fine
timbers and some of them, such as walnut, mahogany and rosewood, lend a certain
prestige to the finished project. For me, the joy of woodworking comes from discov-
ering the special properties of various species and learning how to choose the most
functional wood for the intended purpose, regardless of its notoriety or reputation.
Every wood has an application for which it is unsurpassed. The goal of good crafts-
manship is to discover just what that application is.

There are literally hundreds of woods, some of them reasonably plentiful domestic
species, that seldom find their way into lumberyards. Nevertheless, they are still out-
standing woods for certain applications. A few of my favorites are catalpa, balsam
poplar and black ash. Recently, [ have added another one to my list—sassafras.

A member of the Laurel family—along with cinnamon, camphor and bay—sas-
safras is well known for its sweet-scented oil used in cosmetics and soaps. Its buoyant,
decay-resistant wood has also gained some popularity with boat builders.
Cabinetmakers, however, have long dismissed sassafras as being too soft and brittle.
Basically, these assessments are accurate; the challenge for me has been to find an appli-
cation where this wood excels. Oddly enough, the answer has come from what many
perceive as one of its negative qualities.

Sassafras is brittle, but its resistance to flexing gives it outstanding resonance when
used as the soundboard in dulcimers. The bright, bell-like tone it yields is as pleasant
as the spicy aroma of the wood when it is being cut, shaped and sanded. And what
role could be more fitting for this uniquely American species than in helping to provide
the voice for an American musical instrument?

I started making dulcimers only a couple of years ago, when my daughter, a music
lover, chose to build one for a high school project. We bought a kit, but when I opened
the box I realized that there wasn’t anything inside that I couldn’t make in my own
shop, so I started to experiment. My only regret, so far as being a luthier, is [ don’t
possess a sense of music to go along with it.

Jon Arno displays a home-made dulcimer, fashioned from
sassafras and osage orange. He is a wood technologist,
consultant and freelance writer living in Troy, Michigan.
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UNDERSTANDING WOOD

A $ you strive to improve your
mastery of the demanding
craft of woodworking, much of
your attention will be devoted to
learning about tools and the tech-
niques for using them, But in your
quest for perfection, do not neglect
the most fundamental component
of every project—the wood itself.

Rarely perfect and always vary-
ing, each piece of wood exhibits its
own character, just as certainly as
a human being: Some woods are
plain, some colorful; some are sta-
ble, some unpredictable; some work
easily, some with difficulty. A knowl-
edge of these properties will allow you to make the most of
your abilities, achieving a wedding of form, substance and
technique that can transform even an ordinary project into
awork of art.

You can obtain much factual information about the prop-
erties of wood in readily available books and articles. Learning
to apply that knowledge is more challenging. For example, the
knowledge that maple boards may contain wide variations in
color, texture and figure will assume greater meaning as you
learn to use these characteristics to best advantage. Likewise,
although Douglas-fir is an attractive, easily worked wood, vari-
ations in its surface porosity can make it difficult to finish well.
But when you learn how to seal the wood, you will find many
uses for Douglas-fir. Experience will also tell you that a resilient

A stand of Douglas-fir trees basks in the sunlight
in a West Coast forest. Many softwoods, like Douglas-
fir, are ideal for interior trim or cabinet work.

A pile of logs sit at a sawmill in Oregon,
ready to be milled into lumber.

wood such as pine is more forgiv-
ing of less precise joinery, while
dense, brittle species such as ma-
hogany demand joints that are
cut to close tolerances. And every
beginner quickly learns that sanding
wood across the grain, rather than
parallel to it, results in scratches that
are accentuated when a finish is
applied to the piece.

Remember, too, that how a par-
ticular piece of wood behaves in
your shop depends in large measure
on what happened to it before it
reached the lumberyard. How the
wood grew in the tree, the weather
the tree endured and how the wood was cut and dried all affect
the final product. The wood of a leaning tree, for example, will
react differently during machining than that sawn from the
trunk of an erect tree. And whether a board is quartersawn or
plain-sawn has an impact on its dimensional stability.

One way to obtain intimate knowledge of your material is
to saw it yourself from a tree using a portable lumber mill
(page 36). Selecting and felling a tree, bucking—or crosscut-
ting—it into logs, and milling the planks impart a hands-on
understanding that is impossible to acquire any other way. The
work is arduous, and it also takes considerable time to cut and
dry the boards. But the rewards—both in the unique lumber
produced and the personal satisfaction in producing it—are
well worth the effort.

13




ANATOMY OF A TREE

arvested from the trunks and
branches of trees, wood is a
resilient, dynamic building material.
Understanding how trees grow can shed
considerable light on why wood behaves
as it does when it is worked or finished.

All trees consist of three major sys-
tems: a root network that draws water
and minerals from the soil; a crown of
leaves, where water and minerals are
combined with carbon dioxide in the
presence of sunlight to produce food for
the tree (photosynthesis); and—of most
interest to woodworkers—a supporting
trunk that transports the water and food.

Viewed in cross section, a tree trunk
at first appears to be a fairly homoge-
nous column of wood, marked by a
series of concentric bands called growth
rings. However, a close view reveals a
series of distinct layers wrapped around
each other, some living, some not. At
the center is the heartwood, the dens-
est—and dead—part of the trunk.
Encircling the heartwood is the paler
sapwood, which in turn is surrounded
by the cambium, the trunk’s only active-
ly growing segment. The cambium’s
growth accounts for the layers of sap-
wood that are added each year. On either
side of the cambium are layers that trans-
port sap throughout the tree and store
surplus food. As the inner sapwood
recedes from the cambium, its pores
gradually clog with resins and gums, and
become heartwood. As the outer sec-
tions become dormant, they form a
trunk’s outermost layer, the bark.

The differences between sapwood and
heartwood are important to every wood-
worker. Because it is more porous than
heartwood, sapwood absorbs finishes
better. But the denser heartwood is usu-
ally more durable and decay-resistant.
The carbohydrates present in sapwood
cells make the wood vulnerable to fun-
gi and insects. The colors of heartwood
are also generally richer and more
vibrant than those of sapwood.

Crown
The branches
and leaves of a
tree, where pho-
tosynthesis
takes place

Trunk

Also called stem
or bole; supporte
tree and channels
nutrients to and
from rootes

Roots
Anchor tree and
absorb water
and minerals
from the soil




UNDERSTANDING WOOD

\

Growth rings

In regions where a tree's growth is interrupted by seasonal
change, its wood is characterized by growth rings: concentric
bands, usually fractions of an inch wide, perpendicular to the
axis of the trunk. Trees that grow in temperate areas with a win-
ter season display distinct rings. In the tropics, where growth is
more or less continuous, a sharply defined ring may only be vis-
ible as the result of a dry season. The rings are intersected by

a series of rays: flattened bands of tissue that radiate outward
from the pith to the phloem of the tree. Growth rings consist of
two separate layers. The first, called earlywood, is laid down at
the beginning of the growing season; the second layer, or late-

Pith
A emall and often pulpy core
running up the center of the trunk

Heartwood

Sapwood that has been clogged
with resins, gums and other
extractives; supports tree
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wood, is formed toward the end. Earlywood is more porous than
latewood, which accounts for the contrast between the two.
Taken together, the earlywood and latewood of a growth ring
in temperate climates represent one year in a tree's life. The
width of a ring depends on growing conditions and varies from
species to species, but changes from year to year reveal a tree’s
history. A wide ring suggests a growing season with ample sun
and moisture, while a narrow ring is evidence of disease, unfa-
vorable weather or insect attacks. For the woodworker, growth
rings are also clues to the strength of the wood: uncharacteristi-
cally narrow or wide rings can signal weak timber.

Growth ring

A concentric ring divided into
earlywood and latewood indi-
cating the amount of wood
added to a tree's diameter
ih one growing season

keeps eapwood
and phloem from

drying out L

Phloem
A thin, spongy layer of tubes that

carry dissolved sugars and growth
hormenes from the leaves to other
parts of a tree

A thick slice from the trunk of a mature
oak forms an oval-shaped tabletop. The
growth rings that characterized this tree
are clearly visible: Light-colored early-
wood alternates with darker bands

of latewood, etching a distinct line
between each year’s growing periods.
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Insulates tree [ m il !| ' T : which water and
against temper- {1 i J!] it i minerals are con-
ature extremes; ] 1| I ‘ M I' i ducted from the

il roots to the leaves;

|

|

[|||| Aalso stores nutri-
= ente and helps to
\ support the tree

Cambium

A thin reproductive layer that forms
rew tissue, adding to the phloem and
gapwood to increase a tree's girth




SOFTWOODS AND HARDWOODS

rees are roughly divided into soft-
woods and hardwoods, but the
terms are inexact: Some hardwoods,
such as basswood or aspen, for exam-
ple, are softer than North American soft-
woods like longleaf pine or Douglas-fir.
The type and shape of a tree’s leaves
are more accurate indicators of a
particular wood's identity. Softwoods
include evergreen conifers with needle-
like leaves, while hardwoods comprise
broad-leaved deciduous, or leaf-shed-
ding, trees. But it is at the microscopic
level that the true differences between
softwoods and hardwoods can be seen.
Softwoods are composed mainly of tra-
cheids, dual-purpose cells which con-
duct the sap up through the trunk and

provide support. Hardwoods, which are
believed to have evolved later, have nar-
rower, thicker-walled fiber cells for sup-
port and large-diameter thin-walled
vessels for sap conduction. These cells
determine the texture of a tree’s wood.

In spring, when there is abundant
moisture and rapid growth of early-
wood, the tracheid cells in softwoods
have thin walls and large cavities to con-
duct the sap. The result is relatively
porous wood. As latewood develops in
the latter part of the growing season,
the tracheids begin to form thicker walls,
creating denser wood.

In hardwoods such as oak or ash,
most of the vessels develop in the early-
wood, resulting in uneven grain, These

CELL STRUCTURE OF SOFTWOODS AND HARDWOODS

species are called ring-porous. With dif-
fuse-porous hardwoods such as maple,
the vessels are distributed more evenly
in the earlywood and latewood. Some
species, such as walnut, exhibit a more
gradual transition from earlywood to
latewood and are termed semi-ring-
porous or semi-diffuse-porous.

The differences in cell structure
between softwoods and hardwoods
become apparent when a stain is applied.
In softwoods, the light, porous early-
wood absorbs stain more readily than
the dark, denser latewood—in effect
reversing the grain pattern like a photo-
graphic negative. Hardwoods, however,
absorb stain more evenly, enhancing the
grain pattern.

Earlywood

- Thin-walled

Thick-walled
‘tracheids

tracheids

Fibers Ray cells

A microscopic view

The differences between softwood and hardwood are readily
apparent when viewed under a microscope's magnification.
The cell structure of softwoods (above, left) is much simpler
than that of hardwoods. Almost all softwood cells are long,
thin tracheids, which support an unbroken column of sap that
can tower more than 200 feet. The tracheids in |latewood
become thicker-walled than those in earlywood. In hardwoods

(above, right), the sap is conducted through vessels, a series of
tubelike cells stacked one atop the other. Support for the trunk
is provided by fiber cells. In the ring-porous hardwood shown,
vessels are more prominent in earlywood; fibers are the pre-
dominant cell type in latewood. In both hardwoods and soft-
woods, storage cells for carbohydrates and starch make up the
remaining non-vascular wood tissue.
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UNDERSTANDING WOOD

For the practicing woodworker, call-
ing a plece of wood by its common
name seldom creates confusion. If
you ask for a few planks of white oak
at a lumber yard, for example, there
is no reason why you should not get
what you requested. But with some
species, particularly exctics that must
be purchased by mail-order, identities
can be less certain. Common names
are misleading when trees with differ-
ent characteristics share the same
name, or when the same species has
different common names in separate
localities.

Suppose you wanted samples of a
very rare and expensive species like
Brazilian rosewood, a black-streaked,
dark brown wood often used in the
making of superior-quality guitars,

A supplier could in good conscience
send you pieces of kingwood or tulip-

A ROSEWOOD BY ANY OTHER NAME...

wood instead, since both belong to
the rosewood family and are native
to Brazil. In fact, there are several
genuine rosewoods, such as East
Indian rosewood and cocobolo, that
cost much less than the Brazilian
variety and are easier to find.
However, they might not fit the bill
for a guitar-maker. Other species,
such as bocote, bubinga and padauk,
are often sold as rosewood substi-
tutes, but do not look at all like
Brazilian rosewood.

To avoid confusion, it is helpful to
refer to certain woods by their botan-
ical names. Brazilian rosewood is
Dalbergia nigra, and a guitar-maker
who requests it by that name will not
be disappointed.

This scientific naming system was
developed more than 200 years ago
by Swedish botanist Carl Linnaeus.

As shown below, in a botanical
analysis of Brazilian rosewood,
Linnaeus’ now universally accepted
scheme classifies plants into the
various taxonomic groups of phyla,
classes, orders, families, genera and
species. Almost all trees belong to
the spermatophyta phylum, with hard-
woods in the angiospermae sub-phy-
lum and the dicotyledonae class, and
softwoods belonging to the gymnosper-
mae subphylum.

A botanical breakdown
of Brazilian rosewood
Phylum: Spermatophyta
Sub-phylum: Angiospermae
Class: Dicotyledonae
Order; Rosales
Family: Leguminosae
Genus: Dalbergia
Species: Nigra

THE HIDDEN HARVEST

In addition to lumber and manufactured
boards, trees provide a cornucopia of raw
materials for products such as rolls of
newsprint (left). For centuries, people
have extracted such natural products as
cork, rubber, gum, medicine, spices, drugs,
oils, charcoal, camphor and resins. The
cellulose fiber found in trees is used in the
production of plastics and lacquers as well
as wood pulp. Coniferous trees supply
turpentine and resins, which are used in
paints, inks and finishes. Modern chem-
istry has unlocked still more of wood’s
hidden treasures, finding ways to remove
such disparate products as glues, poisons
and artificial vanilla.
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UNDERSTANDING WOOD

FROM LOG TO LUMBER

B etween the standing tree and the
boards you pick off the rack at the
lumberyard stands a complex process
that requires many people to apply enor-
mous skill at every step. Undetected
defects in the standing tree, damage

caused during felling, poor judgment in
bucking or inattentive sawing at the
mill can sabotage the value of a tree
and raise the sawmill’s—and the wood-
buying consumer’s—costs. Although
power saws have replaced muscle-driven

pit saws in the forest and at the mill,
and cuts are now guided by laser beams
and computer technology instead of
chalk lines, no replacement has been
devised for the practiced eye of an
experienced lumberman.

A logger (left) makes his undercut in a mighty Douglas-fir tree in the rain forests of British
Colurnbia, Canada. Felling these behemoths was once the work of two men pushing and

pulling a huge felling saw; today, a chain saw reduces felling to a quick one-man job.

A tractor-like skidder hauls a
hitch of logs from the forest.
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UNDERSTANDING WOOD

Selecting the trees

A tree’s journey to the lumberyard begins
in the woods, when a forester or timber
cruiser evaluates the trees for cutting.
Not all cut trees will be earmarked for
the saw mill; some will be used for pulp
or firewood. These lower-grade trees are
deliberately harvested to give the residual
stock better access to nutrients and more
room to grow, thus increasing the tim-
ber stand’s value. The very best trees will
be reserved for veneer.

Since most of the highest-grade lum-
ber will come from the area just under
the bark, the forester must be able to
detect at a glance clues that betray defects

A hydraulic log loader dispenses its contents onto a truck.

in this area. Knots, for example, can be
particularly troublesome, depending
on where they are located. In the bot-
tom part of the tree, where they are usu-
ally indicated by a slight disfiguration of
the bark, knots may be so deeply over-
grown that they will not affect the value
of the outer wood. But further up, where
they are typically indicated by concen-
tric circles or even bumps in the bark,
knots pose more serious problems in
terms of quality.

The ability to distinguish between dif-
ferent types of fungi is another impor-
tant skill in tree evaluation. All fungi
cause some damage, but certain species

are rapacious: In beech and hard
maple, for example, a single body of
false tinder fungus on the outside of a
tree may signal the presence of a 12- to
14-foot-long column of decay within. If
the decay were confined to the center of
the tree, this would be less of a problem,
but many fungi infest the most valuable
outer wood. Any scarring of the bark is
thus suspicious, since even the tiniest
opening makes a tree susceptible to
fungal infection.

Bird damage—specifically peckholes
made by the yellow-bellied sapsucker—
also affects a tree’s commercial value.
Unlike its woodpecker cousins, which
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eat wood-boring insects that infest dead
wood, the yellow-bellied sapsucker feasts
on the sap, wood cells, and inner bark
of live trees. Persistent feeding results in
long streaks of stain that effectively ren-
der the wood worthless.

Felling and bucking
Trees are cut with three passes of a chain
saw. The first two cuts remove a wedge
about one-third of the diameter of the
tree, facing the intended direction of fall.
The tree is felled by the third cut, or
backcut, made opposite to and a few
inches above the wedge. As the tree falls,
its direction is controlled by a “hinge”

of wood between the wedge and back-
cut, Expert fellers consider many factors
before making the cuts—the condition
of the felling site, wind direction, the
lean of the tree, and the presence of dead
branches in adjacent trees, aptly called
“widowmakers.”

Once the limbs have been removed,
the tree is skidded to a staging area, or
landing, where it is bucked into logs. To
ensure that the wood is cut to the high-
est possible grade, the bucker—like the
forester or tree cruiser beforehand—has
to “read” the tree for signs of defects
before setting to work. Bulges in the bark
indicate knots that are close to the sur-

Although a variety of methods have been used to move logs to
the lumber mill, from river runs to draft horses, trucking remains
the most common method of transport in North America.

face; large-diameter rotting branches
point to decay within the tree trunk.
While the optimal length for hardwood
logs is 16 feet (8 feet for veneer-quality
logs), cutting logs to this length is
not always possible. Sometimes the
bucker cuts 8-foot and 12-foot logs
to avoid defects that would render a
larger log worthless.

Transporting the logs
In some parts of North America, espe-
cially the Pacific Northwest where trees
are exceptionally large, bucking is done
at the felling site before the logs are trans-
ported to a central yard. Steeply sloping
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The narrow kerf
of a band saw
produces less
waste than a
circular saw.
Here, a worker
at a Vermont
mill removes a
38-foot-long
band saw blade
for sharpening.

terrain may require the logs to be gath-
ered in from the forest floor using a series
of cables. One such system is known as
high-lead logging. Two main cables—
one called a haulback and the other a
mainline—are rigged to the top of a tall
mast. Several other cables, called chok-
ers, dangle from the mainline. Trees are
felled so they land with their butt sec-
tions pointing uphill; crewmen wrap
each choker around the butt section of
a bucked-up log, signal the head opera-
tor, and the logs are reeled up the hill to
the central pile, usually located next to a
lumber road. When the logs have been
detached, the haulback cable is used to
pull the mainline and its chokers for
another load. No matter how they are
moved from the felling site or when they

are bucked, logs are loaded onto trucks
with a hydraulic grapple hook for the
trip to the sawmill.

In the sawmill

There are two main types of sawmills:
those that use a band saw, and those that
use a circular saw. A sawmill is often
described according to the type of wood
it cuts and the type of saw it employs,
such as a softwood band mill or a hard-
wood circular mill. Large band mills are
often required for the larger-sized logs
that are common in the softwood indus-
try in western North America. Circular
sawmills, more common in smaller
hardwood operations in the East, have
a smaller capacity, but are far less expen-
sive than band mills.

The sawing process generates a great
deal of “waste”—almost one-third of the
bulk of each log—but every possible bit
of wood is chipped up and used. Some
is sold to paper pulp mills or wood-fired
utilities. (The volume of wood-burned
fuel has increased substantially since the
energy crunch of the early 1970s. Today
wood supplies about 3 percent of the
United States’” energy consumption.)
Even the bark, which is immediately
stripped off the logs, frequently powers
the sawmill’s drying kilns.

The bark is stripped from the log with
large grinding cutterheads or blasted off
by high-pressure water jets. The log is
then mounted on a log carriage, posi-
tioned so that the first cuts slice off the
widest, clearest, most valuable boards.

(8]
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Int less than 2 seconds, this
band saw blade, driven by
a 150-horsepower engire,
can slice through a 16-foot
log. The red line—a laser
beam—shows the operator
where the blade will cut.

In the mill, the sawyer may rotate the
log to “read” the log’s hidden defects.
While in the past this might have been
done by hand, it is not uncommon to
see today’s sawyers work in a glass-
enclosed booth, forming judgments with
the help of advanced electronic equip-
ment. In such a mill, the sawyer uses
joysticks—like those of a computer
game—to twirl the log almost a full turn
in a matter of seconds, firing a beam of
laser light down its length to visualize
the effect of a particular cut before it is

made. In the most efficient mills, sophis-
ticated computers are used to select the
best position to obtain the maximum
production from each log.

First, the four outer slabs of the log
are removed, giving the sawyer a clean
plane from which to make his next
cut—the so-called “opening face”—to
give the widest, clearest board available.
Once this face is cut, the log is rotated,
and three additional boards are cut—
one from each remaining face. Large
mills handling big logs send the remain-

ing square timber—called a cant—to
a resawing area for cutting into var-
ious sizes of dimension lumber.
Here again, this sawyer must deter-
mine the optimum cutting pattern
that will yield the most valuable lum-
ber. All the boards are edged, trimmed
to length and graded.

Smaller mills, and those handling
smaller logs, may use a different sawing
strategy. After removing the outer slabs,
the boards are cut from the opening face
until defects interfere. Then the log is
rotated to the next clearest face. As with
the first method, the remaining cant is
resawn into lower grade lumber. Finally,
the boards are sorted, stacked and stick-
ered—separated by thin strips to allow
air to circulate between them—for their
trip to the drying kiln, where they will
remain for up to 50 days.

A device known as a “slot machine”
sorts freshly sawn boards into the
right widths and lengths.
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LUMBER CUTTING METHODS

THREE METHODS OF SAWING LOGS

onverting a log into lumber requires

certain compromises. Most logs are
sawn in one of three basic ways. The sim-
plest method squares the log and slices
it into boards straight through from one
side to the other. This technique, known
as through-and-through sawing, results
in stock cut tangentially to the annual
growth rings. A second method, plain-
sawing, is similar, except that the log is
rotated as it is cut, and the low-quality
pith is set aside for items such as pallets.
Plain-sawn lumber is also known as flat-
grained lumber.

The growth rings in this
quartersawn oak board
appear as lines that are
parallel to the board’s edges.

The third method, called quarter-
sawing or edge-grain sawing, divides the
log into four quarters and cuts every
board more or less radially. Quarter-
sawn boards have their annual growth
rings perpendicular to the face.

This orientation of the growth rings
accounts for the dimensional stability of
quartersawn boards. Wood shrinks and
expands roughly twice as much tangen-
tially to the rings as its does radially.
When quartersawn boards swell or
shrink they do so mostly in thickness,
which is minimal, whereas a plain-sawn
board changes across its width. A din-
ing table made from plain-sawn pine
boards, for example, can change as much
as 1 inch in width; a similar table made
from quartersawn boards would only
swell or shrink by one-third as much.

PLAIN-SAWN QUARTERSAWN THROUGH-AND-THROUGH CUT
4
a'
|
A E W
\
Choosing the best method

Cutting logs into lumber at a sawmill is a balance between intend-
ed use, structural stability and esthetic appearance. Plain-saw-
ing (above, left) produces boards of diminishing width as the log
Is rotated to make successive cuts. The more expensive method,
called quartersawing (above, center), limits board width to the

radius of the log. But it produces more dimensionally stable
lumber, making it ideal for drawer sides, tabletops and frame
rails. Through-and-through sawing (above, right) yields the
maximum number of usable boards from a log; the outer
boards are plain-sawn, while the inner boards are quartersawn.
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Quartersawing also offers an esthetic
advantage: It exposes the medullary
rays that radiate from the heart of a log
like the spokes of a wheel. In most
species the rays are only one cell thick,
but in a few species, such as oak, the ray
celis are thicker and appear as vivid
streaks scattered along the grain.
Sycamore, poplar and basswood are also
ideal candidates for quartersawing.

As the illustration at the bottom of
page 24 shows, quartersawn lumber is
not always cut perpendicular to the
grain, and some through-and-through

with rings at 0°to 45° angles to the wide
surface are termed plain-sawn. Boards
with growth rings at a 30° to 60° angle
are also called rift-sawn or bastard-sawn.
In actual practice, sawyers use a myr-
iad of sawing patterns, depending on the
type of machinery being used, the
intended use of the lumber, log diameter
and the type of tree. For example, in vir-
tually all trees the pith or central core of
the heartwood is less desirable than and
not as strong as the rest of the heartwood.
Plain-sawing “boxes out the heart” by
cutting around it to eliminate it,

cut boards close to the center of a log
will have quartersawn grain. Therefore,
no matter how they are actually cut,
boards with growth rings at angles
between 45° and 90° to the wide surface
are classified quartersawn, while boards

The growth rings in this plain-sawn oak board
appear on the face as an elliptical landscape
figure. Plain-sawn stock is sliced from logs
with most of the cuts tangent to the rings.

ADVANTAGES OF PLAIN-SAWN AND QUARTERSAWN LUMBER

PLAIN-SAWN

Cheaper and easier to obtain

Shrinks and swells less in thickness

Usually comes in greater variety of widths

Less susceptible to collapse during drying; easier to kiln dry

Figure patterns resulting from the difference between
earlywood and latewood in the growth rings are
more conspicuous

Has mare interesting figure

Round or oval knots that may occur have less effect
on structural integrity

Pockets of pitch extend through fewer boards

QUARTERSAWN

More dimensionally stable

Shrinks and swells less across the board
Twists and cups less

Splits and checks less in seasoning and in use

Raised grain caused by the swelling of the earlywood
in growth rings not as pranounced

Figure due to pronounced rays more conspicuous
Holds finishes better in some species

Sapwood in boards appears at the edges and is
easily cut off

Not as susceptible to splitting when nails or screws driven Wears more evenly

through face

25



PROPERTIES OF WOOD

A n experienced woodworker pays
close attention to the selection of
wood for a project. Every species has
unique qualities that can make it ideal
for one application but unsuitable for
another. Among the key properties that
distinguish woods are color, grain, tex-
ture, figure, weight and odor.

Many species are prized for their dis-
tinctive colors. Padauk is a fiery orange-
red; black walnut often exhibits deep
purples and chocolate tones. Color in

Landscape figure
on white birch

wood is the result of extractives such as
tannins, gums and resins in the wood.
When cut lumber is exposed to air, these
substances gradually oxidize, deepening
the wood’s color. In some cases, howev-
er, the color may fade.

Grain and texture are two distinct
properties that are often confused. Grain
describes the direction and regularity of
the wood fibers relative to the axis of the
tree trunk. As illustrated on page 28, the
grain displayed by a piece of lumber

Flddleback figure
on peroba rosa

depends on the growth pattern of the
tree from which it was cut.

A wood’s texture depends on the size
and distribution of its cells. Ring-porous
hardwoods with large vessels have a
coarse texture, while diffuse-porous
hardwoods with fine vessels have a fin-
er texture. In some softwoods, abrupt
transitions from earlywood to latewood
produce an uneven texture. Where there
is little or no transition, as in white pine,
the wood has an even texture.

Mottle figure
on movingue
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Figure—an important quality in
veneers—is the pattern displayed on the
surface of a board. This is the expression
of a board’s “character”—the sum of its
grain, contrast between earlywood and
latewood, eccentricity of growth rings,
mineral streaks, disease and the method
used to saw the log. Some of the more
stunning figures in different species are
illustrated below. For example, plain-sawn
white birch reveals a so-called landscape
figure. Interlocked grain produces the rib-

Ribbon figure
on African mahogany

bon figure common in African mahogany,
Wavy grain in maples results in a fiddle-
back figure, so named because of its use in
the backs of violins. And irregular growths
on the outer surfaces of trees, such as elm,
yleld an intricate burl figure.

The weight of different wood species
is expressed as specific gravity, or its den-
sity compared to an equal volume of
water. The specific gravity of an oven-
dried sample of American elm, for
example, is 0.50, making it half as heavy

Bird's-eye figure
on maple
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as a tropical hardwood like ekki, which
has the same specific gravity as water—
1.00. Lignum vitae, the heaviest wood,
has a specific gravity of 1.23. The high-
er a wood’s specific gravity, the less
porous it is and the more impervious
it will be to a finish.

A wood’s odor—usually caused by
oils in the heartwood—may also deter-
mine its use, An aromatic species like
cedar, for example, is often used for
clothes chests and cigar boxes.

Burl figure
on Carpathian elm
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TYPES OF GRAIN

Specific gravity is a better indicator of a
wood’s weight than size. With a specific
gravity of 0.90, a piece of ebony weighs
the same as a much larger block of white
pine, whose specific gravity is only 0.35.

Straight grain

Featured in lumber with even woad
fibers that are parallel to the vertical
axis of the trunk: makes for strong
wood, but has little or ne figure

Spiral grain
Found in lumber cut from

trees with twisted trunks; common
in Scotch pine and eweet chestnut

Irregular grain
Found in lumber where the ﬁbers dsvi-
ate from the vertical axis of the trunk;

rot as strong as straight-grained wood,

but produces an attractive figure

Wavy grain =
Produced by wood fibers
that undulate in short, even
waves; vields fiddleback figure

Interlocked grain
Found in lumber from trees with opposing internal twists;
gometimes found in elm and very common in tropical species
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WORKING WITH THE GRAIN

Reading the grain

Many woodworking tasks, especially plan-
ing, require working in the direction of the
grain. You can usually tell grain orienta-
tion by running your hand along a board
face: The surface will feel smoother when
your hand is moving with the grain and
rougher when running against it. Another
method is to slide a smoothing plane
lightly along the face in one direction,
then repeat in the opposite direction. The
blade will chatter or catch on the wood
fibers when it is cutting against the grain.
As shown on the plain-sawn board at right,
the wood fibers slope “uphill" in the direc-
tion of the grain and “downhill” against it.

UNDERSTANDING WOOD

Across
the grain

Uphill grain direction

Against the grain
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With the grain
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Determining the best direction to plane

To prevent a plane blade from catching
the grain and tearing or chipping the woaod
fibers, always cut in the uphill grain direc-
tion. This will produce clean shavings and
a smooth surface. Be especially careful to
spot grain that changes direction within a
single board. The diagram at left shows sev-
eral typical grain patterns with arrows indi-
cating the best planing direction. The uphill
direction may be constant from one end of a
board to the other (A). Or it may change,
demanding that you plane from each end
toward the middle (B). It could also change
from the middle to the ends (C). If the grain
does not slope at all, you can plane in a sin-
gle pass from either end (D).
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IDENTIFYING WOOD

hether you are restoring a piece of

furniture made from an unfamil-
iar wood or debating the authenticity of
a particular board with a local lumber-
yard, a knack for identifying a piece of
lumber is a useful skill.

Of course, an entire branch of knowl-
edge is devoted to wood science and
technology. Books have been written
about the subject, careers have been
founded upon it, and universities offer
courses and degrees devoted to it.
Scientists identify wood by first slicing
off a thin sliver of a sample, then mount-
ing it on a slide and examining it under
a microscope.

The practicing woodworker, however,
who is more interested in sawing than in
science, can successfully identify most
woods by methodically searching for a
few simple clues with the help of inex-
pensive equipment. Most of the tools you
need are illustrated at right. Your inves-
tigation should begin with the easily
observable properties of the sample (page
26). Examine and feel the surface; deter-
mine whether it is oily or dry, dull or lus-
trous. Check its hardness by trying to
dent the surface with a fingernail. You

Examining the end grain of a board
through an illuminated 10x magnifier
enlarges several features of a wood
sample that are helpful in species
identification.

may be able to tell with the naked eye
whether a hardwood is ring- or diffuse-
porous. As shown in the photos on page
33, these two types of hardwood are rel-
atively easy to tell apart when viewed with
a hand lens. Note whether the texture of
the wood is coarse or smooth. If the sam-
ple has been recently cut, it may have
a recognizable odor. If it has been
sufficiently dried, you may be able to
calculate its specific gravity.

Although these observations can help
narrow down the choices, you will still
have to view a wood sample under mag-
nification in order to hazard an educat-
ed guess as to its species. The illustration
on page 31 shows the three ways that a
sample can be studied: transversely, radi-

TOOLS FOR THE WOOD SLEUTH

ally or tangentially. Each method expos-
es a different view of a sample’s anatom-
ical structure. The simplest view is the
transverse since it involves looking at the
end grain of the sample. However, to
avoid a blurred view of crushed fibers,
you must first shave the surface with a
razor blade or a well-sharpened knife.
To get a tangential view of a sample, you
will need to make a clean cut along the
growth rings of the wood (page 32).
Making a second cut at right angles to
the first exposes a radial view.

Once you have observed and record-
ed the sample’s properties and micro-
scopic details, you can compare the
results with a printed key of wood
species to identify the wood.

Hand lens

Used to examine wood
samples; available in Ex,
10x and 12x magnification

Hluminated magnifier
For examining wood samples;
features built-in illumination
for sharper viewing than hand
lens. Typically available with up
to 20x magnification

Razor blade

gafest type

Labeled wood samples

A set of domestic or tropical woods with
labels indicating the species; can be used
to help identify and compare woods

Used ta cut off wood elivers
for viewing under a microscope;
single-edged blades are the

Pocket knife
Used to prepare
the end grain of
wood samples for
examination
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EXAMINING A WOOD SAMPLE

Three viewing perspectives

The 10x magnification provided by a mag-
nifer or hand lens allows you to examine
three views of wood's structure, represent-
ed by the hardwood log section shown at
right. The transverse section lies at right
angles to the grain and is visible in the
end grain of stock. The tangential and
radial sections are at 90° to the transverse
section. The tangential section follows a
straight line that is tangent to the growth
rings. This section is the surface you see
on the face of plain-sawn lumber. A radial
section is exposed by cutting a straight line
from the bark through the pith, exposing
grain lines that appear as vertical strips.

UNDERSTANDING WOOD

Transverse
section

Tracheid Resin canal

Radial Tangential
section section .
Examining wood under a microscope
TRANSVERSE SECTION TANGENTIAL SECTION At 100x magnification, a microscope
uncovers more details of the cellular
Earlywood Latewood structure of wood than can be seen

through a hand magnifier. At left are
two views of white pine, illustrating key
elements in species identification. The
transverse section (far left) shows the
size of the tracheid cells and the transi-
tion in their density from ear-lywood to
latewood. Also evident is a longitudinal
resin canal. The tangential section (near
left) shows the number and thickness
of the rays in the wood.
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PREPARING WOOD SAMPLES FOR VIEWING WITH A LENS

Tangential cut <

Cutting tangential and radial sections

For a tangential section, mark a cutting
line tangent to the growth rings on the
edge of the sample. Cut along the line
with a band saw, making sure your hands
are not in line with the blade of the tool
(right). For a radial section, make an
end-to-end cut through the sample at the
high point of the growth rings with the
piece face down on the band saw table.
To clean up the cuts for viewing, lightly
smooth the surfaces with a hand plane.
Avoid using sandpaper, which will crush
the fibers.

Preparing a transverse section

Slice off a sliver of wood from the end
grain of your sample using a sharp
knife or razor blade (left). The surface
should be smooth and even. If the
wood is particularly dense and diffi-
cult to cut, first soak the end grain
for a short time in hot water.
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Although identifying wood requires
careful observation of the appropri-
ate features of a sample, practice
makes the job easier. First measure
the width of the growth rings, and
note the color and luster of the
wood. Remember that wood exposed
to sunlight and air changes color, so
the hue of a freshly cut sample may
be different after it has dried. Luster
is not a common feature of many
woods, but it can help distinguish
between species that are otherwise
alike in color, texture and weight.
Although odor, like luster, is distinc-
tive for only a few woods, it can be a
useful key to identification, particu-
larly among softwoods. Odor is most
pronounced in freshly cut lumber,

WOOD IDENTIFICATION METHODS

and can be revived by moistening a
dry wood sample.

Checking a sample for hardnass
by running a fingernail along the
grain and noting the degree of inden-
tation can help differentiate simi-
lar species such as butternut and
black walnut.

The standard tool for macroscopic
viewing of wood is a 10x hand lens.
Choose one with built-in illumina-
tion for sharp resolution. Examine
samples in good light, holding the
lens close to one eye and moving
the surface to be studied into focus,
Nate the distribution and shape of
features such as vessels, tracheids,
resin canals, earlywood, latewood,
pores and medullary rays. The rela-

tive diameter of vessels (in hard-
wood) or tracheids (in softwood) is
important in determining the texture
of the wood; the larger these cells,
the coarser the wood. The distribu-
tion of pores within the growth rings
will also tell you whether a hard-
wood is ring-, diffuse-, semi-ring- or
semi-diffuse-porous, When viewing
end grain, choose an area of average
growth rate, aveiding defects like
cross grain and knots,

With softwoods, look for resin
canals; they are only present in
pine, spruce, larch and Douglas-fir.
If you are looking for rays—an impor-
tant feature of hardwoods—they are
best seen on a transverse or tangen-
tial surface.

COMPARING MAGNIFIED VIEWS OF TW0 W0OD SAMPLES

. ™Y - [

The two photos above show what the end grain, or transverse sections, of two different hardwood samples
would look like under the magnification of a hand lens. A ring-porous hardwood (above, left) features rows
of relatively large pores in the earlywood and clusters of smaller pores in the latewood. The vertical bars
mterrupting the pores are medullary rays. A semi-ring-porous wood (above, right) shows little distinction
between the earlywood and latewood. Here, the pores are evenly distributed throughout the tissue.
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WOOD IDENTIFICATION KEYS

A collection of labeled wood
samples can be invaluable in
helping you becorme familiar

with a variety of woods. It
may also contain a species
you wish to identify.

orrectly identifying an unfamiliar

wood sample out of thousands of
possibilities requires close observation,
and a thorough knowledge of wood and
its properties. But as a practical matter,
the possible choices are usually limited to
several familiar species, and a commer-
cially available set of labeled wood sam-
ples, such as the one shown at right, may
include a piece that matches the wood
you are attempting to identify. Most
often, however, you will need to record
the features of a sample, then use a wood
identification key from a book to make
sense of your results.

An identification key is essentially a
master list of woods and their proper-
ties that serves as a cross-reference to
link the features of a particular sample
to a species name. Some keys require
that you compare their entries against
features that are visible to the naked eye
or with a 10x magnifier, while others
demand that you note microscopic
details. Still other keys are based on the
user having wide-ranging sensory infor-
mation about the wood, including its
color, odor and texture, and the bark
and leaf shape of the tree from which
it came.

Using a key is like climbing the
branches of a tree. You are asked to
answer a series of paired statements,
choosing the one that best describes the
wood in question and proceeding to the
next pair indicated. At each statement,
the user forks onto a different branch

until reaching a leaf that identifies the
sample. The first statement may involve
the texture of the wood. If the wood is
porous, for example, you are sent to one
set of statements; if it is non-porous, you
jump to a different set of statements. You
continue this way, flipping from page to
page in a book, as each answer gradual-
ly reduces the choices. Finally, the search
is narrowed to a single species.

Avoid keys that try to cover every
wood species in the world; they will prove
too general. Choose one that describes
trees in a specific region, such as North
American softwoods or tropical hard-
woods. Several classic keys can be found
in woodworking books; check your local
library or bookstore. Some public agen-
cies (below) also offer wood identifica-
tion services.

Books

Edlin, Herbert L., What Wood Is That?
A Manual of Wood Identification.
New York: Viking, 1969.

Hoadley, Bruce, Identifying Wood.
Newton, Connecticut: Taunton
Press, 1990.

Panshin, A.J. and DeZeauw,
Carl, Textbook of Wood Technology.
New York: McGraw Hill, 1980.

Rendle, B.J., World Timbers: Volumes
1-3. London; Ernest Benn, 1970,

‘Sharp, John B., Wood Identification:
A Manual for The Non-Professional.
Knoxville;: University of Tennessee

SOURCES FOR WOOD IDENTIFICATION

Agricultural Extension Service, _
Forestry and Wildlife Extension, 1990.

Timber Research Development
Association, Timbers of the Werld:
Yolumes 1 and 2. Lancaster:
Construction Press, 1979.

Agencies that offer wood
identification services

Center For Wood Anatomy Research
U.S. Forest Products Laboratory

1 Gifford Pinchot Drive

Madison, Wisconsin 53705-2398

International Wood Collectors Society
2913 Third Street
Trenton, Michigan 48183
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USING A WOOD IDENTIFICATION KEY

Here is an example of how a typical wood identification
key works. In this case, we are starting with a plain-sawn
board of an unknown wood. The first step is aimed at
narrowing the investigation to either the hardwood or the
softwood portion of the key. You examine your sample
with a hand lens and observe that it has vessels and is
porous; according to your key, it is a hardwood. Next,
you must determine whether the wood is ring- or dif-
fuse-porous: You notice that its earlywood is not sharply
defined; you are told that it is diffuse-porous. The next
features to examine are the rays. Seen in the tangential
view of your sample, the rays are relatively narrow and
uniform in width. This observation leads to another con-
cerning the size of the pores in the growth rings. Since
the pores in the earlywood of your sample are larger
than those in the latewood, this indicates that you have
a semi-diffuse-porous wood. Next, you examine the dis-
tribution of the pores in the growth ring. If they were
unevenly distributed, the key would identify your sample
as tanoak. Instead, the pores in your sample are evenly
distributed. You must then evaluate the storage cells in
the latewood. Seeing that they are present in a fine,
unbroken line, you are directed to determine the color
of the heartwood. If it were chestnut-brown or chocolate,
you would have a piece of black walnut or butternut.

But since the heartwood is brown to yellow-brown, you
have either water hickory or persimmon. Since the rays
of your sample are stacked vertically, creating ripple
marks, the key leads you to the end of your
quest: the sample is persimmon.
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PORTABLE LUMBER MILLS

he desire to gain a deeper under-

standing of wood eventually leads
some woodworkers out of the shop and
lumberyard, into the woods, and back
to the tree itself. By sawing your own
lumber from logs, you can produce
boards that exactly meet a project’s spec-
ifications and gain valuable insight
into wood as a living material. Each step
yields a thrill of discovery as you watch
patterns of grain and figure emerge
from the log.

A number of lumber mills on the
market allow you to cut through-and-
through cut, plain-sawn or quartersawn
boards. These tools include large sta-
tionary production mills capable of cut-
ting logs more than 20 feet in length,
portable models with tough band saw
blades, and still smaller units that use
chain saws.

The procedures that follow show you
how to cut logs into lumber with a chain
saw that is guided by a jig that attaches
to it. Besides the cutting jig and a heavy-
duty saw, this simple method requires
nothing more than a straight board,
a hammer and a few nails.

Most chain saws are designed to cross-
cut trees—that is, buck the logs into
shorter lengths after the trees are felled
and delimbed. Cutting logs into lumber
is a ripping operation in which the saw-
ing is done along the length of the log.
Ripping with a chain saw requires at least
three times as much power as crosscut-
ting, and the saw must run at full throt-
tle throughout most of the cut. Because
much portable lumber milling involves
hardwood logs, it is best to use a direct-
drive chain saw rated at a speed of at
least 3000 feet per minute, with a rip-

ping chain installed. To minimize strain
on the saw, try to select logs that are rel-
atively free of defects such as twist and
taper, with few knots and burls.

Felling trees and cutting logs with a
chain saw is dangerous work requiring
safe working habits. Pay attention to
your task at all times and keep cutting
edges sharp, clean and well maintained.

Since prolonged work with chain saws
can damage the ears, wear hearing pro-
tection, such as earplugs or ear muffs.
Proper dress for chain saw work also
includes a full-face shield and steel-toed
boots; do not wear loose clothing. You
can also don special chain saw gloves
to protect your hands and a pair of safe-
ty chaps made from a tough, synthetic
fiber, such as Kevlar™, to protect your
legs should the saw accidentally slip or
jump back.

Specialized commercial jigs and
machines enable you to cut logs
into lumber, Here, a band saw
lumber mill cuts a 2-by-10 board
from a squared-off log. The device
features a narrow-kerf blade that
produces less waste than a chain
saw, making it feasible to cut
planks as narrow as 4 inch
thick without excessive waste.
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CUTTING A LOG INTO BOARDS

Squaring the log

To mark out the cant—the squared-
off part of the log—and maximize the
number of boards the log will yield,
scribe-a square on both ends of the log.
Start at the end with the smallest diame-
ter. Place the inside angle of a carpen-
ter's square just inside the bark, and
mark two outside edges of the square
with a pencil. Using the scribed lines
as a guide, complete the square (/eft).
Measure the sides of the square and
transfer them to the other end of the log,
making sure that the pith is centered in
the square.

THROUGH-AND-
THROUGH CUTTING
PATTERN

QUARTERSAWING
CUTTING PATTERN

Choosing the cutting pattern

Before cutting the log, choose between through-and-
through cut and quartersawing and mark out the appropriate
cutting pattern on the ends of the log. For through-and-through
cut lumber (above, left), scribe a series of lines within the
sguare so that the board faces are roughly tangent to the growth
rings. Space the lines according to the board thickness you

want. For quartersawn lumber (above, right), divide the square
into three segments. Mark out the middle segment as for
through-and-through cut lumber, then scribe lines in the two
outside segments that are perpendicular to those in the
middle. The growth rings will be more or less perpendicular to
the faces of these boards.

37




UNDERSTANDING WOOD

Lumber-
cutting jig

2-by-4 guide

Cutting the cant

Set the log on spacers, with one side
of the marked square vertical. Cut a 2-
by-4 guide longer than the log, then posi-
tion it on top of the log so that it extends
beyond each end. Align the outside edge
of the guide with the side of the square
and nail it in place. Use wood shims to
level the guide. Place the lumber-cutting
jig on the guide (above) and adjust its
fence so that it runs smoothly along the
guide. Attach the chain saw to the jig fol-
lowing the manufacturer's instructions.
To make the cut, position the jig on the
guide at the smailest end of the log. Then,
with the saw blade clear of the log, start
up the saw and tip it forward so that the
blade bites into the log. Carefully step
backwards and draw the jig along the
guide, cutting through the log to the oth-
er end. To cut the other sides, remove
the guide and rotate the log. Repeat the
procedure to align the guide with the
square and make the cut (right). Continue
until all the sides are cut. To cut the
resulting cant into boards, use the chain
saw and the jig to cut along the lines you
marked in step 2. If you have a band saw,
you can cut the log into a manageable 6-
by-6 cant with the chain saw, then use the
band saw to cut the cant into boards. With
its narrower kerf, a band saw blade pro-
duces less waste than a chain saw blade.
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LOG CROSSCUTTING JIG

Simplify the task of squaring the
ends of a log before cutting it into Guide
lumber with the crosscutting jig
shown at right. The jig, which can
be built to fit a variety of log sizes,
consists of a guide and an inverted
L-shaped frame with two triangular
support brackets.

To make the jig, cut two pieces
of 3-inch plywood for the frame.
The lengths of the pieces should Support bracket
exceed the diameter of the largest
log you expect to handle. The width
of the top piece should equal the
desired width of cut. Screw the two
pieces together along with the tri-
angular brackets. Screw a 2-by-4
guide that is at least 8 inches longer
than the diameter of the log to the
top piece, aligning its edge with that
of the top piece.

To use the jig, set the log on spac-
ers and position the jig atop the log.
Nail the side piece of the frame to
the end of the log, making sure that
the guide is level and square to the
log's axis. Set up the chain saw and
the lumber-cutting jig on the guide
as you would to cut a log into a cant
(page 38). Then start the saw and
tip it forward so that the blade bites
into the log (right, below). Draw the
jig along the guide until you cut
through the log. At the end of the
cut, the crosscutting jig and the cut-
off piece will topple toward you. Keep
the blade from binding in the kerf
and stand clear of the jig at the end
of the cut.

Lumber-
cutting fig
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SELECTING LUMBER

S ome craftsmen buy their wood pro-
ject by project. They design and lay
out a piece of furniture, calculate the
amount and type of wood required, then
embark on a quest for exactly what they
need. Other woodworkers stockpile
beautiful or interesting pieces of wood
even before they have a specific project
in mind. Picking through the piles at the
local wood dealership, surveying felled
logs at a building site or scavenging
bucked logs left over from roadside
tree work, these craftsmen accumulate
promising wood in the drying shed—a
supply that serves as an inspiration for
future work.

Whatever your approach, there are
several sources to cover in your search
for raw materials. The most obvious is
the local lumberyard. Some yards stock
specialty items, depending on demand in the areas they service;
lumberyards along the coast, for example, might carry
mahogany and teak for boat construction and repair. But
because most yards primarily supply the construction trades,
your solid-wood choices will probably be limited to structur-
al softwood lumber and perhaps an occasional piece of oak.
For a wider choice of hardwoods, and for wood carving and
turning blanks, you will have to range farther afield. Look in
the Yellow Pages for dealerships that specialize in fine hard-
woods, or scan the advertisements in woodworking magazines
for mail-order woodworking-supply companies.

You will pay top dollar for hardwoods bought from a retail
source, but in return you will generally receive material that
has been graded for quality using the standards established by

Different grades of lumber can vary widely—even in the
same stack of boards. There is no more certain way of
getting what you want than selecting the stock yourself.

Principal tool of the lumber grader’s
trade, a lumber ruler measures the
width of a board. With a flexible
shaft and a hook at one end for
flipping stock, the ruler enables a
grader to fill an order for wood quickly.

the National Hardwood Lumber Associ-
ation. In addition, some care has proba-
bly been taken to control the moisture
content of the stock during its stay in the
yard. You can also ask the retailer to fur-
nish stock that is surfaced to a uniform
thickness—a necessity for woodworkers
who do not have access to a power planer.

There are other, less costly ways to
obtain wood. If you live near a small
sawmill, you may find good quality lum-
ber at a very low price. However, the
wood will probably be green, rough and
ungraded—and it must be stickered, sea-
soned and surfaced before it can be used
for furniture. Bigger sawmills prefer to
deal with large volumes of wood and
may be reluctant to fill small orders. One
answer is to pool your material needs
with those of other woodworkers. Some
sawmills will sell you their “planer outs”—small pieces of vary-
ing widths and thicknesses that can be bought at bargain prices.

It may also be economical for you to buy wood that has
been recycled after many years of use in barns, factories, wharves
and other structures. You may also find an opportunity to do
your own recycling. Reusing old wood makes sense environ-
mentally, and it is rapidly becoming the only legal way of
obtaining some species. In addition, recycled boards that were
cut from straight-grained old-growth timber may be superi-
or to fresh lumber cut from smaller trees. There are drawbacks
to recycling wood, however. Wear, rot and insects may add up
to a waste factor of 50 percent or more. And you should expect
to extract many nails, bolts and staples—and still ruin saw
blades in encounters with hidden metal.
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ORDERING LUMBER

hen it is time to order lumber

for a project, it pays to do your
homework before you go to the lum-
beryard. By becoming an informed and
well-organized consumer, you increase
your odds of coming away with your
needs met and your wallet intact. You
will also avoid having to make extra trips
to your supplier.

* Species: Ask for a specific wood
species, not merely a broad family name.
For example, order “white oak,” not just
“oak.” Every species has unique proper-
ties; select one with the characteristics
that suit the needs of your project. It can
be helpful to learn the basics of wood
identification (page 30), since at some
lumberyards several similar types of
woods may be lumped together under
the same name.

* Quantity: Lumber may be ordered
either by the linear foot or the board
foot. Be sure your supplier knows which
measure you are using, because they are

very different. Board-foot calculations,
which actually describe a volume of
wood, are explained at the bottom of the
next page. As a general rule, you can
order stock of like dimension by the lin-
ear foot—25 linear feet of 1-by-4 lumber,
for example. The main limitation of
this method, however, is that it only
works with lumber of uniform width
and thickness. Once you mix dimen-
sions—as you probably will end up
doing when ordering hardwood—
a board foot measurement becomes
necessary to describe your needs.

How you order your wood can also
depend on whether you need softwood
or hardwood. With softwoods you can usu-
ally specify any board width or length,
while hardwood boards are generally
available in random widths and lengths,
depending on the grade you order.

» Size: Wood is sold in nominal rather
than real sizes, so remember to make
allowances for the difference when order-

ing surfaced lumber. A 1-by-6 piece of
pine, for example, is actually % inch
thick and 5 inches wide when dried
and surfaced. With rough, or unsurfaced
green lumber, the nominal and real sizes
are the same. For more information on
how nominal and real sizes compare,
refer to the charts on pages 46 (hard-
woods) and 48 (softwoods).

The thickness of hardwood boards is
commonly expressed as a non-reduced
fraction in quarters of an inch. A 1-inch-
thick oak board, for example, is termed
% lumber, a 1%-inch-thick plank is %
and so on.

* Grade: When ordering a particular
grade of wood, use standard terminolo-
gy. Refer to the chart on page 47 for
hardwoods and on page 49 for soft-
woods. The main differences between
higher and lower hardwood grades lie
in appearance rather than strength. In
general, reserve higher-grade wood for
the visible parts of your projects.

gl

SHOP TIP

Carrying lumber by car

Traneport lumber on your car safely and securely with just a

few pieces of rope. Tie one rope to a solid structure in the trunk
—a trunk hinge, for example—and make a loop at the other end.
Secure a second rope under the hood and form another loop. At
the lumberyard, slip the wood through one loop and then hitch the
other one in Elas}tfon. To keep the lumber from lurching back and

forth, tiea t

ird rope around the lumber and secure it to the win-

dow post. Use foam or towels to protect the side of your car.
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* Seasoning: Lumber is sold either
kiln-dried (KD) or air-dried (AD), The
practical difference between the two is
that KD wood has a lower moisture con-
tent—about 8 percent, while air-dried,
high-density hardwoods generally have
amoisture content range of 20 to 25 per-
cent. Softwoods and lower-density hard-
woods are air-dried to 15 to 20 percent
moisture content. KD lumber is there-
fore preferable for making indoor fur-
niture, because the wood is unlikely to
dry out any further; as well, the kiln’s
heat allows the wood’s cells to reposi-
tion, reducing the likelihood of warp-
ing and checking. This does not mean
you need to restrict yourself to buying
only KD lumber, however; in fact, many
carvers prefer moister wood, making AD
wood a better choice for them. You can
bring air-dried wood to the appropriate
moisture level for cabinetmaking, as
shown in the Drying and Storing Wood
chapter (page 78).

CALCULATING BOARD FEET

+ Surfacing: Also known as dressing,
surfacing refers to how lumber has been
prepared at the mill before it is sent to
the lumberyard, Lumber that is surfaced
is usually surfaced on both sides: 525
lumber has been planed smooth on both
faces, while $4S wood has had both faces
planed and both edges jointed. Rough,
or unsurfaced, lumber (Rgh) is less
expensive than either 525 or $4S wood,
and if you own a planer and a jointer,
you can save money by surfacing rough
lumber in your shop (page 53).

A sample order for wood at a lum-
beryard might be as follows: 100 bd. ft.
% FAS red oak, S2S. This would amount
to 100 board feet of nominally 2-inch-
thick FAS (Firsts and Seconds) grade red
oak with both faces planed smooth.

Once you receive your lumber, check
it carefully to make sure you are getting
what you want. If the order does not
meet your specifications, do not feel
obliged to buy it.

NUMBER OF BOARD FEET
IN 4 LINEAR FEET OF
DIFFERENT SIZE BOARDS

1"x 12" x 12" = | atandard board foot

1-by-3 = 1 board foot

1-by-6 = 2 board feet

TIPS ON BUYING LUMBER

® Make two copies of your cutting
list (page 44); give one to the lum-
beryard and keep one for yourself.

» When ordering hardwoods, request
realistic sizes. Large planks of some
species are not available; hard-
woods are generally available in
random widths and lengths.

e Whenever possible, inspect the
lumber you will be buying.

* Examine each board to see how
it will fit into your project. Where
appropriate, test-fit boards together
for a good visual match; if, for
example, you are building a table,
line up the boards you have select-
ed for the tabletop to be certain
they form an interesting pattern.

* Once you have selected the
boards you intend to buy, be sure
to leave the pile neatly stacked.
Lumber that is not stacked correctly
tends to warp and can be damaged.

Ordering lumber by the board foot

Because the board foot is a unit of measurement
that offers a standard way of totaling the volume
of stock regardless of dimensions, it is commonly
used when dealing with lumber. As shown at left,
the standard board foct is equivalent to a piece that
~ is 1 inch thick, 12 inches wide and 12 inches long.
To calculate the number of board feet in a particu-
|lar piece of wood, multiply its three dimensions
) together. Then divide the result by 144 if the
dimensions are all in inches, or by 12 if one
dimension is expressed in feet. For the standard

1-by-12 = 4 board feet

2-by-4 = 2 &/s board feet

2-by-6 = 4 board feet

board, the formula is:

IPx12"%12% 144 =1 (or 1"x 12! % 1'+ 12 =1).
So if you had an 8-foot-long 1-by-3, you would cal-
culate the board feet as follows: 1 x3x 8+ 12=2
(or 2 board feet). Other examples are shown in the

illustration. Remember that board feet are calculat-
ed on the basis of nominal rather than actual sizes.
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B Bottom B
1 23%
1 22
1 2w
1 2%
4 32

Making and using a cutting list

A cutting list records the finished sizes

of the lumber needed for a particular pro-
ject. It may be included with the plans
you purchase; otherwise, you will have to
fashion your own based on a drawing of
the design. Tally up the number of board
feet for each piece using the formula
shown on page 43; tack on an extra 30
to 40 percent to account for defects in
the wood and waste. For the project shown
on this page, which totals roughly 16
board feet, you should order at least 20 or
25 board feet of */s lumber in addition to
the necessary quantity of plywood sheet-
ing. The cutting list should include the
name of the part, the quantity, the dimen-
sions of the pieces and the kind of wood
suitable for the project. For convenience,
assign a letter to each piece.

W.  Th. Material Board feet

13 i { ash 2.10
343 ol ash 2.10
o B T 210
12 1 ‘ash 1.94
B i ash i
5 1 ash .80
7 1 ‘ash 74
10 % plywood  —




GRADING LUMBER

L umber grading is a way of evaluating
the surface quality of a board accord-
ing to certain standards, taking into
account factors such as the number, size
and degree of defects in the wood. The
goal is to ensure that woodworkers get
what they pay for; a board of a certain
grade of wood bought in Maine will
closely resemble a similar-grade board
purchased in New Mexico.

At first glance, the rules of grading
may seem arbitrary. For starters, the
standards are different for softwoods and
hardwoods, the result of the end use of
each type of wood. Softwoods are pri-
marily used in construction, so a grad-
er may assume that a softwood board
will be used as is, with no further sur-
facing. Hardwood boards, on the other
hand, are almost always planed, cross-
cut and ripped into smaller pieces to fit

a particular piece of furniture. Added to
that is the fact that, while there is one
standard for hardwoods, softwoods are
further divided into separate groups and
graded according to rules established by
different organizations.

Taking the time to become familiar
with hardwood and softwood grading
will pay dividends. A sound under-
standing of the grading system enables
you to select the most appropriate board
for the job at hand; it can also save you
money. There is no need, for example, to
order long planks of top-grade FAS (or
Firsts and Seconds) lumber if most of
the pieces of the cabinet you intend to
build are only three or four feet long,
You would probably be better off buy-
ing No. 1 Common, which is consider-
ably cheaper, and will be adequate once
you have cut out the defects.

HARDWOOD LUMBER GRADER'S EVALUATION OF A TYPICAL BOARD

Lumber producers and vendors have
long found it advantageous to study
wood types and set rules for grading
to guarantee a uniform product. One of
the earliest instances of grading occurred
in 1764, when Sven Aversdon of Stock-
holm divided Swedish pine into four cat-
egories—best, good, common and culls.
During the 18th Century, appearance
was the primary criterion for grading
wood, but as knowledge of wood prop-
erties increased, standards changed to
include strength and the amount of clear
or usable wood in each board.

The best way to become familiar with
grades is to visit a lumberyard and exam-
ine stock firsthand. Get to know how a
hardwood grade like FAS differs from
No. 1 Common. And when you Select
lumber, try to picture how each part can
be cut out of a board with the least waste.

NO. 1
COMMON GRADE Cutting No. 1: Cutting No. 3
32" x 4 2 (15 %4 units) 45" x4 '/2 (20 Va units)
R ==
- N : |
& - RN Lo
/ ) i
Cutting No. 2 Knot Cutting No. 4:
& V" x4/ (38 Ve units) 6" x B %5 (34 units)

Equipped with lumber rule, pen and log book, & professional
lumber grader can evaluate a hardwood board in roughly 15
seconds. Although the system is scientific, it is not foolproof.
Grading is all done by eye—the eye of a human grader. Still,
rigid quality control ensures that only a very small percentage
of boards are not graded correctly,

Here are the four basic steps lumber graders take to make
their assessment:
1. Determine the species and multiply the length by the width
of the board to find the surface measure (SM) in square feet—
in the board above, 12 inches (1 foot) x 12 feet = 12 SM.
2. Choose the poorest face from which to grade and visualize

the number of imaginary defect-free cuts that can be made;
in this case, 4.

3. Determine the number of portions of cutting units—clear
lumber 1" wide by 1' long—that can be made from the 4 cuts;
in this case, 108%. (If the board were perfect, it would yield
144 cutting units.)

4. Consult a chart that lists the qualities of different grades
and factor in the number of cutting units and the number of
allowable cuts: A No. 1 Common board requires that two thirds
of the total cutting units are clear. Given the size of this partic-
ular board, up to 4 cuts would be allowed. Since this board
meets both criteria, it justifies the grade No. 1 Common.




HARDWOOD GRADES

hundred years ago, hardwood grad-

ing varied from mill to mill, but
with the formation of the National
Hardwood Lumber Association (NHLA)
in 1898, grading became standardized.
At first, the rules were based strictly on
the number and size of defects; in 1932
they were broadened to reflect the pro-
portion of a board that can be cut into
smaller pieces, called cuttings. These
pieces must be clear on one side and
sound on the other. Their size also deter-
mines the grade. Today’s hardwood
grading standards assume that boards
are invariably cut into smaller pieces to
make furniture; thus, grade is based on
a board’s poorest face, except in the case
of Select, which takes the board’s best
face into account.

Select is one of seven standard hard-
wood grades. The top grade is FAS (an
abbreviation of Firsts and Seconds), fol-
lowed by Select, No. 1 Common, No. 2A
and 2B Common, and No. 3A Common
and No. 3B Common (chart, opposite).
No. 2A and No. 2B Common are fre-
quently lumped together as No. 2
Common; likewise, many lumberyards
sell No. 3A and No. 3B Common togeth-
er as No. 3 Common.

The better the grade, the higher the
percentage of clear cuttings: 83%5 per-
cent of Select boards must be clear face
cuttings; only 50 percent of a No. 2

Common board need be defect-free. But
grading is a more subtle art than these
calculations indicate. Two boards that
are the same size with the same number
of defects can end up in different grades:
The position of the defects may prevent
one board from having large enough
clear cuttings to make the higher grade
of the other board.

Although paying more for better-
grade stock means that you will end up
with wood having fewer defects, this may
not always be the economical thing to
do. If your project is relatively modest,
hand-pick the lumber yourself from a
variety of grades, depending on the func-
tion of each board in the piece. Where
only one defect-free face is called for, the
select grade is a good choice. Or, for the
pieces of your furniture project that are
relatively small, for example, you may
be able to get by with No. 1 Common
grade boards. No. 2A Common boards
are suitable for the parts of projects in
which appearance is not of paramount
importance, such as hidden furniture
frames. If you do buy lower-grade lum-
ber, however, plan on more waste when
you are calculating the number of board
feet to order.

Of course, beauty is in the eye of the
beholder. Some cabinetmakers feel that
defects such as knots add character to a
piece of furniture. And if most of the

parts will end up being small, lower-
grade wood is not only more economi-
cal, it may also be more suitable for the
task at hand—by yielding more attrac-

tively figured wood.
STANDARD THICKNESS
FOR SURFACED HARDWOOD
Nominal Actual
(rough) (surfaced two sides)
¥a" 3g"
ot e
%" ity
30 e
1" %" or 1¥6"
14" 146"
Ik 1%6"
2 132" or 134"
3" 2%
4! 39"
These two oak boards demon-

strate the range of hardwood
grades. The top board contains
knots and is classified as No. 2A
Common; the bottom board is
defect-free FAS grade lumber.
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HARDWOOD LUMBER GRADES
GRADE FAS SELECT NO. 1 NO. 2A & 2B NO. 3A NO. 3B
COMMON COMMON COMMON COMMON

Allowable length 8 -16' 6'-16' 4'-16' 4'-16' 4'-16' 4. 16

of board

Allowable width 6" or wider 4" or wider 3" or wider 3" or wider 3" or wider 3" or wider

of board

Minimum % of 8314% 8315% 66%:% 50% 33%5% 25%

clear face cuttings

Minimum size of i, A < il T 33 SN2 Sho e Not less than

clear cuttings 4"x 5' 425 5! 4'x2' 12" wide
containing 36
square inches

Formula to determine SM + 4 SM + 4 SM+1+3 SM + 2 il ol

number of cuts

Maximum number 4 4 5 7 Unlimited Unlimited

of clear cuttings

permitted

Reading the chart

This chart, created by the National Hardwood Lumber Associa-  vide data on minimum board dimensions for each grade. The
tion (NHLA), records the minimum requirements a board must third row gives information on the percentage of defect-free
meet to merit a particular grade. Generally, a higher-grade board ~ surface, or clear face cuttings, a board must have for each

is longer, wider and more defect-free than one of a lesser grade. grade. The minimum size of each clear face cutting is listed

The clear pieces are obtained with as few cuts as possible. in row four. Once the surface area, or surface measure (SM),
By comparing the dimensions of a board with the figures of a board is determined, the formula in row 5 will give the
supplied in the chart, it is possible to determine the grade of total number of cuttings allowed for a particular grade. Row

a particular piece of lumber. The first two horizontal rows pro- 6 contains the number of clear cuttings each grade permits.

The location of lumber grades on a log
High grades of lumber, such as FAS
and Select, are generally cut from the
outer part of the log, near the bark.
No. 3 Common grades, found closer
to the pith, are not always suitable
for cabinetmaking and are frequently
used for packing crates or pallets.

In some species, such as walnut, where

FAS

Select

No. 1 Comtmon
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