
The Mighty Oaks
Red, white and live make a versatile trio

by Jon Arno

Our senses tell us it is nothing more than a coarse-tex-
tured wood with showy rays and a harsh acidic scent.
Yet there's something about oak that causes most of us

to think of it in human terms: bold, strong and dependable.
There can be little doubt why.

These trees, their fruit and their timber, are an inseparable
part of the story of humanity. Acorns predated grain in the diet
of our Stone-Age European ancestors. The pagan Germans
worshipped oak, and in England, dense groves of the European
white oak, Quercus robur, served as holy places for Druid rites
well before written history began. From ancient times until just

before our grandfathers were born, oak served as a strategic
military and economic commodity, being the primary naval
timber for ships of the line and tall Yankee clippers.

Oak's role in the modern world may be somewhat less
romantic, but it has not diminished. Oak remains our most-
used hardwood for interior trim, cabinets, flooring, furniture
and for many heavy construction applications. The two pri-
mary factors that have made oak so enduringly popular are its
abundance and its utility. Before exploring these topics,
though, let's examine the great diversity of the timbers we
lump together botanically as oak.



Oak's family tree
Oaks belong to the beech family, Fagaceae. That this family should
be referred to as the beech family is one of the more irrational
snubs in taxonomy. Of the 600 or so species in the family, including
the beeches, chestnuts and chinquapins, well over 500 of its most
important members belong to the oak genus, Quercus.

The oaks are also the most abundant and widespread genus of
hardwoods in the Northern Hemisphere. In the United States alone
we have a growing stock of 100 billion cu. ft. of oak—more than
twice our reserves of any other hardwood genus. The natural abun-
dance of the oaks is due to their genetic vigor and their resulting
adaptability. Oaks hybridize with very little difficulty. Over millions
of years, this natural, genetic experimentation has resulted in a host
of species ideally suited to almost any viable environment.

In the course of evolution, the genus divided into two botani-
cally distinct groups: white oaks and red oaks, which are some-
times called black oaks. (There's also a third group—the live oaks,
which are climatic variants of the white and the red. I'll discuss live
oaks later.) The most significant botanical difference between the
two is that white oaks mature their acorns within a single season
while the red oaks require two seasons. To tell them apart, all you
really need to know is that most white oaks have round-lobed
leaves, and the lobes on red-oak leaves come to a point.

Other differences in the cellular anatomy of the woods are of
particular interest to the woodworker. Woods in the white oak
group tend to have larger rays and smaller, but more abundant,
thin-walled pores. The red oaks have fewer, but larger, thick-
walled pores, and the rays tend to be smaller and darker in color
(see the photos on p. 56). Also, the pores in white oak arc almost
always clogged with foam-like staictures known as tyloses, but the
pores in red oak are normally unobstructed (see the photos on
p. 57). Because these features are responsible for many of the func-
tional properties of these woods, the lumber industry has adopted
essentially the same groupings as the botanists, marketing oak
lumber as either white or red. Beyond this, little or no effort is
made to differentiate the species. For most construction applica-
tions, this broad-brush approach is adequate, but for furniture and
finer craft work, it leaves much to be desired.

Within the oak genus there's an extremely broad range of cabi-
rietwoods. The softest of our domestic oaks, with a specific gravi-
ty of 0.52 (see the box at right for a definition of specific gravity
and a comparison of some of the more common North American
species), is the Southern red species Quercus falcata. This species
is only about as dense as black walnut (0.51). Some of the live oaks
have specific gravities approaching 0.90, making them even
denser than rosewood. No other genus of domestic hardwood
spans such a broad range. In the United States alone, there are 58
formally classified domestic species and perhaps a third again as
many recognized hybrid varieties and naturalized foreign species.

Genetics alone, however, do not account for all of the variation
in the oaks sold as cabinetwood. Climate, soil and even the way
the lumber is processed can produce lumber of the same species
with strikingly dissimilar characters, both in appearance and
working properties.

The most significant factor besides genetic makeup that deter-
mines an oak's character is climate. Red oaks and white oaks that
grow in our temperate North-American forests are ring-porous
woods. At the beginning of each growing season, these trees pro-

This majestic white oak (left), over 500 years old, serves as an
eloquent explanation of why humans have imbued the oak with
human characteristics, such as strength and dependability, and
why ancient  peoples worshipped such trees.

is the ratio of the weight of a given piece
of wood to the weight of water occupying the same volume.
It reflects the relative density of the wood in question. The
figures above are based on the wood's green volume and
oven-dry weight.

is expressed as a percentage decrease
from original green volume to oven-dry volume. Shrinkage
indicates a wood's relative in-use stability.

duce a band of large earlywood pores, which accent the annual
rings and give the wood a showy, open-grained character. Some
live oaks are botanically related to the white oaks and some to the
reds, but because live oaks do not experience seasonal interrup-
tions in growth, they do not produce the usual bands of large ear-
lywood pores. Instead, they tend to be less figured and much
harder woods. As seen on the end grain, the pores in live oak form
long radial chains, like the strings of bubbles in a glass of cham-
pagne, extending outward from the pith to the bark.

From the woodworker's perspective, categorizing the oaks into
these three basic groups (red, white and live) provides a logical and
useful framework, though this is only a starting point. The woods in
each group share similar functional properties, but there can be
considerable variation from one species to another even within
each group. The live oaks make up the hardest and heaviest group;
the white oaks are next in terms of weight, strength and durability;
and the red oaks are the softest and lightest. Most species of white
oak have slower growth rates, producing smaller-diameter pores
and a more compact cellular structure. This gives the wood great
strength and a high resistance to splitting. White oak's rays tend to
be larger, tying the vascular (vertically oriented) cells together and
giving the wood greater resistance to compression.

All oaks contain high concentrations of tannin (see the box



below), which provide at least a modest amount of protection in
inhibiting decay. But white oak is substantially more durable than
red oak when exposed to the elements because the pores of white
oak are clogged with tyloses, which retard the absorption of mois-
ture and help to prevent decay organisms from being established.

Which oak to use?
White—Given white oak's many favorable attributes, it is not sur-
prising that many of the cabinetmaking and wood technology
texts published in the 19th and early 20th centuries cite white oak
as the preferred, or at least most useful, of our oak timbers. White
oak's durability and strength made it superior for uses such as
bridge beams and railroad ties, and its low permeability to mois-
ture made (and still makes) it ideal for wine barrels and other
cooperage applications. In contrast, a red-oak barrel, regard-
less of how well the staves were fitted, would leak because
its contents would simply flow out through the wood's large,
unobstructed pores.

For cabinetmaking, white oak also possesses the virtue of being
much more flamboyantly figured than red oak, especially when
quartersawn. This radially cut white oak is sometimes called sil-
vered oak and was the height of fashion a century ago. Although
red oak also can be quartersawn, its rays' darker color and rela-
tively smaller size don't provide the same degree of splashy con-
trast as does the white.

Today, silvered oak is no longer the rage, and many of the con-
struction and container duties that were once the exclusive domain

of white oak are now being performed by metals and synthetics.
White oak's clear-cut advantage over red oak has faded.

Eastern white oak is also not as plentiful today as it once was. In
the American market a century ago, the term white oak  was all but
synonymous with Eastern white oak (Quercus alba). This plentiful
species (along with a few virtually indistinguishable hybrids) pro-
vided almost all of the commercially processed, higher-grade cab-
inetwood in the white oak group. Although Q. alba still accounts
for a large portion of the annual harvest, other species, most no-
tably bur oak (Q. macrocarpa), are quite commonly sold as white
oak today. Bur oak is a much coarser textured wood with a gray-
ish color and exceedingly large rays. It doesn't turn as well or fin-
ish as smoothly as Eastern white oak, but it is not without its
virtues. With an average volumetric shrinkage of 12.7%, green to
oven dry, it is more stable than Eastern white oak (at 16.3%) and
makes excellent hardwood flooring. However, the two woods are
not totally interchangeable and should not be used together
where their differing shrinkage properties could cause problems,
such as in edge-glued tabletops or wide panels. Because of the
lumber industry's propensity to commingle these species, buying
white oak these days can be tricky. If at all possible, you should in-
spect any white oak before buying, or at least buy from a supplier
who can guarantee that all the lumber you purchase for a project
will be of one species.

Red—There's plenty of variety among the red oaks as well, with
their average specific gravities (see the box on p. 55) spanning an

Tannin, pro and con
Chemically speaking, one of
the most distinctive features
of oak is its high tannin
content. Indeed, the scent
of most species is so powerful
that it will linger in the air
for hours after the wood has
been milled. Although I very
much enjoy the fragrance of
many woods and view their
aromas as one of the more
pleasant aspects of working
with wood, I find oak to be
downright offensive. And for
those of us who are sensitive
to oak, exposure to the dust
can cause watery eyes, skin

rashes and even heartburn.
Even so, the offending

agent—tannin—magnifies oak's
utility in many ways. Tannin
has antiseptic properties, and
the highest concentrations are
in the bark; therefore, oak bark
has long been used for
preserving or tanning leather.
Tannin also reacts with iron
to produce black pigment,
and oak-leaf galls were once
a major ingredient in the
making of ink.

For woodworkers, the
interaction between tannin
and iron is a mixed blessing.

On the one hand, care must be
taken in using steel nails or
screws in oak because over
time the surrounding wood
will develop an ever enlarging
black blotch. Yet when oak
logs are submerged in a
swamp, this same chemical
reaction creates bog oak, a
unique and beautifully
highlighted, silver-black
cabinetwood that is much
prized in the British Isles.

Tannin, because it's highly
acidic, also reacts with
ammonia to produce rich
brown pigments. Although

modern oil-based wood stains
are a lot easier to work with,
ammonia-fumed oak was once
a very popular finish. In this
process, trays of highly
concentrated (industrial
strength) ammonia are placed
in an airtight area along with
whatever unfinished oak items
are to be fumed. In a matter of
hours (or days, depending on
how dark a hue is desired), the
raw oak becomes indelibly and
deeply pigmented. For more
on fuming, see "Craftsman-
Style Comfort in a Morris
Chair," on p. 38. —J.A.

Size and distribution of rays
and pores are the best way to
identify the oaks. White oaks
(left) have smaller but more
abundant pores than the red

oaks (center) and larger rays.
Live oaks (right), because

they're largely tropical in ori-
gin, have the most even distrib-

ution of pores of any of the
oaks, as well as the greatest
density and the least  figure.



End-grain sections show
one of the biggest differences
between the oaks. White oak
(left), which has been used  for

liquids because its pores are
largely clogged by tyloses. But
red oak's pores (center) are
mostly unobstructed and allow
liquids to pass through. The
pores of most live oak (right)
are also open, like those of  red
oak, but much smaller.

even greater range than the whites. Southern swamp (or cherry-
bark) red oak (Q. falcata var. pagodifolia) is actually slightly heav-
ier than Eastern white oak. Species like cherrybark, which are
native to the extreme South where the climate is moist and the
growing season is long, grow rapidly and produce proportionate-
ly more dense latewood within each annual ring than do North-
ern-grown oaks. Oaks from the temperate North tend to produce
softer and more flamboyantly figured woods.

In recent years, Southern red oak has developed a somewhat tar-
nished reputation in the interior trim and cabinetmaking fields for
being too streaky and often curly grained. Personally, I prefer this
streaked, curly, Southern-Appalachian oak for the special charac-
ter it lends some furniture projects, especially in tabletops and
book-matched panels. But then again, I prefer red oak over white
in most applications for rather pragmatic reasons.

Red oak is stocked by more of the high-volume lumberyards
where construction contractors buy, so it's generally a little less ex-
pensive than white. Red oak is also softer than white, so it's easier
to work. This is most noticeable with hand tools and when thick-
ness planing because white oak's rays have a greater tendency to
tear out. Neither red nor white oak are particularly well-suited for
turning, but typically, gouges stay sharp a lot longer with red oak.

The rays in red oak are less pronounced than in white, so it is
not as difficult to match boards. The thing to look for -when se-
lecting boards is whether a board is flatsawn or quartersawn.
While both grain patterns are attractive, they tend to clash when
used together in the same project, so I regard them almost as two
different woods.

Finally, because the ray flecks are darker than the background
wood in red oak, relatively dark stains can be used without any
danger of overemphasizing the rays. With white oak, using a dark
stain is not a good idea unless you really want to accentuate the
rays. They'll inevitably stand out as contrasting yellow bands
against the surrounding, more porous (therefore darker) wood tis-
sue. If you're going to stain white oak, use a blond stain.

Live—live oak has never been a commercially important furniture
wood. One reason is that live oak is absolutely punishing to work
with. Historically, live oak has only been used in very specialized
applications. Our most plentiful domestic live oak, Q. virginiana,
was much prized during the 18th and 19th centuries for building
warships because of its superior ability to withstand a broadside
attack. But given the hand tools of the time, it was never the oak of
choice for finer work, and it never became associated with a pop-
ular period-style of furniture. This may change, though, in the
years ahead. Modern power tools can handle it at least as well as
rosewood, bubinga or purpleheart.

Moreover, prospects are high that the live oaks will remain in

good supply. In Mexico alone there are well over 100 species of
oaks, and the vast majority of them belong to the live oak group.
Though they contain fewer species, the forests of Central and ex-
treme northern South America also contain large quantities of live
oak, some of which have strikingly unusual ray patterns and vivid
color. In fact, they're so different from our domestic species that
often the only clues to their kinship with oak are the wood's tan-
nic scent or the use of Spanish trade names containing the words
roble or encino.

By whatever name, these tropical oaks are a world apart from
our ring-porous domestic oaks in either the red or white oak
groups. With few exceptions, they're brutally hard, but they polish
extremely well. Although generally considered diffuse-porous
woods (because the pores do not congregate in the earlywood),
the live oaks are still relatively coarse textured and open grained
compared to the familiar domestic species we think of as typical,
diffuse-porous woods, such as maple and birch.

The live oaks have as much potential as cabinetwoods, but there
has not yet been much research or technical data gathered on their
working properties. Though our domestic live oak (Q. virginiana)
is relatively stable, some imported species with high volumetric
shrinkage have caused disappointment when brought into our
somewhat dryer and more temperate climate...so be forewarned.

Forever in fashion
In construction, cabinetry and furnituremaking, as well as in a host
of other fields, oak has been in style almost since Western history
began. As many a surviving royal throne, treasure chest or ancient
armoire will attest, it was the preferred wood throughout the Mid-
dle Ages and in the Jacobean period. Even in the 18th and 19th
centuries, when mahogany alone would do for elegant pieces,
oak was the primary wood for common, utilitarian items such as
dry sinks, cupboards, tables and chairs.

In the New World, the Spanish conquest of the Southwest left us
the legacy of mission oak. At the turn of the century, massive
pedestal tables and rolltop desks in golden oak were popular. At
mid-century, our soldiers returned home from World War II to
raise their families in houses furnished with limed-oak coffee ta-
bles and dining-room sets. Oak still dominates the furniture and
cabinetmaking scene, although nowadays, much of that coarse-
grained look is actually veneer or synthetic laminate. And for
kitchen cabinets, flooring and interior trim, the use of oak still far
exceeds any other hardwood—and probably all other domestic
hardwoods combined. Given their history, enduring popularity
and the existing stock of oaks, they're likely to remain stalwart fa-
vorites for a long time.

Jon Arno is a wood technologist and consultanlt in Troy, Mich.
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