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PREFACE.

THE exercises in w ood-w orking in this book w ere prepared by m e during the sum m er of
1883, for the students of the C ollege of the C ity of New  York. Subsequent teaching
suggested m any changes and additions, until the m anuscript w as scarcely presentable. This
m anuscript has been copied for other schools ; and now, in order that those w ho have
recently asked for it m ay receive it in better shape, this little volum e is printed.

I am  indebted to M r. Bashford D ean for the part relating to injurious insects, w hich w as
w ritten expressly for this book.

I. S.

NEW  Y O R K, Septem ber, 1889.
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INTRO DUCTIO N.

THE tendency of m odern system s of education is tow ard a proper distribution of practical
w ith theoretical training. The m ind is to be aided in its developm ent by the action of the eye
and hand ; and, in fact, all the special senses are em ployed in objective teaching and
m anual exercises. In school, the eye does m ore than interpret the printed page: it
recognizes the form  and color of objects, it m ust calculate their size, proportion, and
distance, by observing and com paring them  ; the hand is required to do m ore than w riting: it
is taught to appreciate the w eight, hardness, and other properties of objects, by actual
contact w ith them . At first the introduction of draw ing, m odeling, and the use of tools, into
the courses of study w as experim ental ; but, having passed beyond that stage, these
exercises are now  know n to be efficient aids to a m ore natural and rapid as w ell as
stronger m ental developm ent.

There are som e w ho, after being educated in the abstract w ay, can apply their training
successfully to practical pursuits, w ho see no necessity for m anual or industrial training in
the schools, and w ho claim  that superior and sufficient developm ent m ay be obtained by the
study of m ercantile m ethods and the classics. These, how ever, form  a very sm all
percentage of the people, and system s of education m ust be arranged to stim ulate all
intellects, and not m easured by the accom plishm ents of a few. O ur best educators
recognize this fact, and are m odifying old system s by the greater introduction of m anual
elem ents. No one doubts the value of practical qualities, not only in ordinary people, but
also in prom inent leaders, w ho m ust be thoroughly practical ð  a fact so aptly illustrated by
prosperous m anufacturers and m erchants, successful engineers, great generals, and
em inent statesm en.

M anual training for the early cultivation of these practical qualities in students takes a place
in the regular courses of study: by m eans of it the reasoning pow er is m ore easily
aw akened ; know ledge of objects and the facts connected w ith them  are m ore readily
understood and rem em bered ; and, above all, the accuracy and precision dem anded by the
practical studies, lead to closer observation and exactness in others. This training begins in
the low est grades, and continues in its various applications through all the classes, until in
the higher grades w e find sufficient physical strength to handle the ordinary w ood-w orking
tools.

The prim e object of all m anual training, especially in this country, is to aid m ental
developm ent, and w hile this fact m ust not be lost sight of, the training should be in som e
useful art, or in som e exercises w hich are introductory to the useful arts.

Perhaps the m ost valuable of these studies is industrial draw ing, w hich is in itself a sort of
universal language, a m edium  betw een thought and execution. Its study cultivates precision,
and is w ell calculated to develop sound and accurate ideas. D raw ing naturally precedes



construction, it prepares the w ay for the w ork of the engineer, m anufacturer, or builder.
Even the ideas of the inventor are jotted dow n in a chance sketch, w hich is added to and
m odified at leisure, leading to the finished sketch, from  w hich the skilled draughtsm an
produces the designs for the execution of the w ork.

The studies of draw ing and w ood-w orking are closely connected, and m ay be taught
together w ith great advantage to both. A sim ple object is roughly sketched on paper, its
m easurem ents accurately m ade and m arked on the sketch ; from  this a draw ing is m ade
w ith instrum ents, either full size or to a scale, w hich is used in the w orkshop as a guide to
the construction of the object. Skill in sketching is a valuable acquirem ent, and should be
taught early in the course of industrial draw ing. These sketches should, if possible, be m ade
from  real objects, instead of charts, and should alw ays be accom panied by m easurem ents.
In sketching it is w ell, first, to determ ine the num ber of diagram s necessary to show  the
form  or structure of the object, and allot for each a certain space on the paper ; second, to
place each sketch in the m iddle of its space, of w hich it should occupy about one half, thus
leaving a m argin for notes, m easurem ents, and sm all details ; third, to draw  the relative
proportions of the object as accurately as possible ; fourth, to m ark on the sketch the
m easurem ents of each part.

W ood-w orking from  the sim ple constructions of earliest tim es has advanced w ith the
necessities and custom s of nations, until at present it includes the com plicated structures of
m odern requirem ents. Throughout all w ood-w orking trades w e find certain general
principles regarding the cutting action of tools on w ood, and the joining of different pieces ;
and, since those principles are m ore easily taught by carpentry and joinery, these branches
have been generally adopted as educational aids.

The very extensive use of w ood for building has given rise in this country to a craft of
carpenters w hose im proved tools and m ethods of w ork are superior in m any respects to
those of European w orkm en. Based upon these m ethods, w orkshop practice in schools and
colleges as applied to w ood-w ork does not stop w ith carpentry: its design is to prepare the
w ay for the entire field of m echanical arts ; so that carpentry and joinery are follow ed by
turnery, carving, and possibly a few  lessons in pattern-m aking. These should be follow ed by
m etal-w ork, such as forging, chipping, filing, and, finally, w ith the elem ents of m achine-
w ork. The study of m echanics as thus taught in the educational w orkshop should be applied
correctly, by m ethods w hich are the actual but intelligent practice of the operating
m echanic. As to the tim e required, it can not be expected that the three to five hours per
w eek spent in the w orkshop are going to m ake m echanics ; far from  it: several years of
labor and experience are necessary to produce skilled w orkm en in any of the arts.

This book deals w ith carpentry and joinery, and is divided into tw o parts:

The First Part treats of the structure, properties, and kinds of w ood ; its m anufactures and
econom ic relations to other substances, parasitic plants and insects ; and m eans of
preserving w ood.



The Second Part contains the exercises, preceded by a description of tools, and the
m anner of draw ing used to illustrate the exercises.

These exercises are based upon Am erican m ethods of w ork and have been taught as
follow s: Each exercise w as explained, illustrated by sketches on the blackboard, and then
executed by the students. As the exercises advanced, the blackboard sketches w ere
prepared w ith m ore detail, each being show n w ith its m easurem ents designated. The
students copied these sketches and noted dow n such of the verbal directions as they could.
W ith the higher exercises it w as found necessary to issue duplicate copies, describing and
illustrating each step in construction, and also to exem plify by m odels m ade by the
instructor.

Exercises 1 to 8 introduce the chief w ood-w orking tools and m ethods of m arking. These
exercises should be executed w ith m uch care and patience, and if necessary repeated, to
insure better results in subsequent w ork.

Follow ing exercise 8 are directions for sharpening tools. But students should not attem pt to
sharpen tools until they have had considerable practice in the use of them  ; especially saw -
filing, w hich requires rem arkably good judgm ent, keen eye-sight, and a steady hand.

Exercises 9 to 20 give instructions for m arking out and shaping sim ple joints.

Exercises 21 to 27 instruct in the m ethods em ployed in uniting several pieces to m ake a
com plete structure.

Exercises 28 to 35 give the details of ordinary house-carpentry, from  w hich the student m ay
obtain particulars for the construction of m odels, and the apprentice the actual building of
the various parts m aking up a w ooden dw elling.

Exercise 36 show s the use of the fram e-saw , and m ethods of bending w ood.

Exercise 37 gives an exam ple of pattern-w ork, and illustrates the m anner of uniting pieces
for econom y of labor.

Exercise 38 instructs in shaping by the use of tem plets.

Exercise 39 treats of veneering, follow ed by directions for painting and polishing.



PART FIRST.

STRUCTURE O F W O O D.

IF w e exam ine the stem  of a young plant, w e find three distinct tissues com posing it: O n the
outside is the bark or protecting tissue (a, Fig. 3); inside there is a soft m aterial, m ade up
of m any-sided, thin-w alled cells, w hich constitute the living portion (b, Fig. 3); and arranged
in a circle in this soft tissue are several fibrous bundles (c, Fig. 3), giving to the stem  its
strength to support the branches and leaves. Because of differences in the character of
these bundles, w e separate stem s into three classes; and the pine, palm , and oak m ay be
taken as types of each.

In the pine and oak the bundles are sim ilarly arranged, and consist of an outer portion
called bast (d, Fig. 3), and an inner portion called w ood (e, Fig. 3); betw een these is a thin
layer of active cells, w hich m ultiply by division to form  the bast and w ood ; this layer is
called cam bium  (f, Fig. 3), and adds each year to the size of the bundle. In the palm  the
bundles arise from  active cells at the grow ing point of the stem , and continue dow n the
stem , som etim es becom ing sm aller, but retaining a rounded form .

As the stem s grow  older and larger, w e find, in the pine, that new  and branching bundles
appear betw een the first ones, form ing, during the season, a circle of bundles, w hich
constitutes the first annual ring. This ring is interrupted by plates of tissue com m unicating
betw een the pith, on the inside of the ring, and the soft tissue on the outside. In a cross-
section of the stem  these plates are seen as lines, called m edullary rays, radiating from
the center tow ard the bark. At the end of the season grow th stops, to be resum ed again in
the spring. The slow  and condensed grow th of sum m er, and the rapid, open grow th of
spring, give rise to a peculiar m ark in the bundles w hich indicates each year's increase, so
that by counting these m arks or the annual rings w e m ay ascertain the age of a tree.

FIG. 1. ð  D iagram  of a stem  w ith a cam bium  layer. A, section cut across the bundles ; B, section in the direction of the
bundles ; 1, 2, 3, first, second, and third annual rings ; a, a, pith ; b, b, pitted vessels ; c, c, w ood-cells ; d, spiral vessels,

found only in the first annual ring ; e, cam bium -cells ; f, g, h, layers of bark ; i, i, m edullary ray. (After C arpenter.)



The last few  rings form ed are engaged in transporting or storing up nourishm ent, and give
rise to w hat is called the sap-w ood. The rings inside of the sap-w ood serve only for
support, and m ake up the heart-w ood of the tree.

In the palm , new  bundles arise, placed irregularly in the soft tissue or pith, and by tracing
these bundles throughout the plant w e see that they extend, usually w ithout branching, from
the apex of the leaf to the sm all ends of the roots, so that for each new  leaf there w ill be in
the stem  new  bundles.

FIG. 2. ð  D iagram  of a palm -stem . A, cross-section ; B, longitudinal section ; a, a, soft tissue ; b, b, vessels or tubes w ith
pitted sides: c, c, w ood-cells or fibers ; d, d, vessels w ith spiral m arkings. (After C arpenter.)

In the oak w e have the sam e appearance regarding the annual rings and m edullary rays as
in the pine:

FIG. 3. ð  Section of stem .

Exam ining m ore closely these w ood-form ing bundles, w e find them  com posed of cells w ith
a variety of form s and w alls of varying thickness and peculiar m arkings. In the pine group
the cells are long, w ith pointed ends, and w alls m arked by characteristic elevations called
bordered pits (Fig. 4). These pits arise during the thickening of the cell-w all, w hich can not
take place on the thin circular m em branes (Fig. 10, c), through w hich the sap passes, but
form s arches w ith open tops over them , and thus gives the bordered appearance. In the
heart-w ood these thin m em branes have broken dow n, allow ing a free passage of air or
w ater through the cells. In spaces betw een the w ood-cells there are, in m ost of the pines,
canals containing resin dissolved in turpentine. The thin plates of tissue form ing the



m edullary rays are com posed of sm all cells, w ith thin w alls in the outer annual rings, but in
the heart-w ood w ith w alls very m uch thickened.

FIG. 4.

FIG. 4. ð  Section of pine-w ood cut parallel w ith the m edullary plates. a, spring grow th, w ith large bordered pits ; b, sum m er
grow th, w ith sm aller bordered pits ; c, m edullary tissue.

FIG. 5.

FIG. 5. ð  Section at right angles w ith the m edullary plates. d, bordered pits ; e, m edullary tissue.

FIG. 6.

FIG. 6. ð  C ross-section of the sam e. f, sum m er grow th ; g, spring grow th ; h, m edullary ray.

The isolated bundles of the palm  are com posed of various elem ents, som e of w hich sim ply
support, as the bast and w ood fibers ; others support and conduct, as the vessels and
w ood-cells ; these latter convey air, and w ater charged w ith m ineral m atters absorbed by
the roots.

The bast-fibers are on the outside, surrounding the bundle, and are very long, narrow,
m any-sided cells, w ith pointed ends, the w alls very m uch thickened and m arked w ith oblique
pores. The w ood-fibers are on the inside of the bundle, sim ilar to the bast-cells in every
respect, except that they are shorter, and occasionally used for conducting and storing up
nourishm ent. The vessels or tubes are large and few, and present varied m arkings ; the



larger are pitted, the sm aller either ringed, spiral, netted, or ladder-form . The w ood-cells
are like those of the pine group, but w ith sim ple in place of bordered pits. There are
present, also, sieve-tubes w ith clusters of sm all perforations in sides and ends, and a group
of long, thin-w alled cells sim ilar to the cam bium -cells of the pine and oak. Frequently in the
vicinity of the vessels are found thin-w alled cells w ith blunt ends, separated from  the
vessels and surrounding cells by m em branous pores ; these cells, w hich are som ew hat
sim ilar to cam bium -cells, serve the purpose of conducting and storing up the organic
m aterials form ed in the leaves.

FIG. 7. ð  Palm -bundle, a, a, bast ; b, pitted vessel ; c, w ood-cells ; d, sm aller vessels ; e, soft tissue.

FIG. 8. ð  Bast-fibers.

FIG. 9. ð  Pitted vessels.

In the oak group the w ood is com posed of com pact bundles m ade up of the sam e fibers,
cells, and vessels found in the palm , w ith the exception of the bast-fibers, w hich are form ed
outside of the cam bium  zone and constitute the inner bark. In the spring grow th the vessels
are large and num erous; in the autum n they are m uch sm aller, and in som e cases m ay be
absent. By this variation in the size and position of the bundles the annual rings becom e
distinctly m arked. The m edullary rays in the heart-w ood vary in thickness, and in m any of
the w oods the cells com posing them  becom e solid.

C O M PO SITIO N O F W O O D.



New ly form ed cells have the w all com posed of cellulose, a substance sim ilar to starch in
com position. The contents of the cell are m ade up of a num ber of substances, the chief of
w hich are album inoids, starchy m atters, oils, and w ater w ith dissolved sugars, gum s, and
acids.

FIG. 10. ð  D iagram  show ing grow th of the cell-w all.

1. Cam bium -cell: a, protoplasm  or living contents of the cell ; b, nucleus in the proto-plasm  ;
c, thin m em brane through w hich the sap passes. In the heart-w ood this m em brane has
broken dow n, as at d.

2. Protoplasm  form ing a w all of cellulose.

3. Protoplasm  has disappeared. Cellulose changing into lignin.

4. Cell-w all com posed of lignin and thin m em brane.

In the heart-w ood the contents have disappeared, air taking their place, and the cell-w all
has becom e very m uch thickened by a deposit w ithin the cellulose of a dense substance
called lignin, w hich gives to w ood its elasticity and hardness.

In the living tree, air and w ater are present in varying quantities, depending on the season
and kind of w ood. The am ount of w ater is frequently as m uch as fifty per cent. D uring the
seasoning of pine, about tw enty per cent of w ater is rem oved from  the w ood. This m ay be
called free w ater, because it exists in the plant w ith all the ordinary properties of w ater. But
there is also in pine-w ood about the sam e am ount of w ater, w hich is chem ically com bined
w ith carbon to form  cellulose and lignin. The presence of this m odified w ater m ay be
dem onstrated by placing the w ood in a partially closed iron vessel, and heating it red hot ;
the w ood is reduced to charcoal, w hile w ater is given off, together w ith a sm all quantity of
gases, oils, and other m atters.

The elem entary com position of w ood varies according to the kind, the soluble m atters in the
soil, and the am ount of m oisture absorbed by the tree. G enerally w ood contains large
quantities in proportion of carbon, hydrogen, and oxygen ; less of nitrogen, sulphur, and
potassium  ; and sm all quantities of iron, phosphorus, calcium , sodium , and silicon, w ith



traces of m any other elem ents.

If w ood is burned in the open air, the carbon, hydrogen, nitrogen, sulphur, and part of the
oxygen are driven off in gaseous form  ; the other elem ents rem ain, and constitute the ash,
of w hich the principal ingredient is potassium .

The am ount of ash is greater in the palm s and least in the pines. The percentage of a few
are as follow s :

O regon pine .......... 0.08

Red cedar .......... 0.13

Redw ood .......... 0.14

Chestnut .......... 0.18

W hite pine .......... 0.19

W hitew ood .......... 0.23

W hite oak .......... 0.41

Hickory .......... 0.73

Black w alnut .......... 0.79

Palm etto .......... 7.66

Black iron-w ood .......... 8.31

Spanish-bayonet .......... 8.94

B RANCHING  O F STEM S.

In the m iddle of a forest, trees grow  straight, tall, and slender, as in Fig. 12, because it is
necessary for them  to push up the tops in order that they m ay receive sufficient sunlight, to
enable the leaves to digest the plant-food and increase the diam eter and height of the stem .
Low er branches last only a few  years, then die, and are broken off (b, Fig. 12). O n the
m argins of the forest and in open places, trees send out num erous branches, and stem s
becom e large in diam eter, but rem ain short (Fig. 11). The bordering trees, w hile they serve
as a protection from  the w ind for those inside, furnish knotty and cross-grained lum ber ;
those inside produce the straight-grained and valuable w ood (Fig. 13). M em bers of the
palm  group rarely have branching stem s. In grow th, the stem s rem ain long and slender, but
frequently larger at the top than at the base.



FIG. 11.

FIG. 11. ð  Shape of a tree on the border of a forest. a, broken branch exposing surfaces for boring insects or fungus
spores.

FIG. 12.

FIG. 12. ð  Young forest tree, b, b, branches die for w ant of sunlight.

FIG. 13.

FIG. 13. ð  Shape of forest tree w ith straight stem  and crow n of sm all branches and leaves.

A G E O F TREES.

Like anim als, in grow th and developm ent plants are subject to influences of clim ate and
nourishm ent. In its proper latitude, and w ith an abundance of w ater and food in the soil, a
tree adds to its annual grow th and lives to a great age. But w hen the soil becom es
exhausted of the necessary elem ents, or a m ore robust species crow ds roots and leaves,
then a tree begins to show  signs of decay. It is difficult to establish rules regarding the
proper age for cutting. For tim ber, m ost trees are considered fit at about one hundred



years, although oak m ay furnish excellent tim ber at tw o hundred years. The purpose for
w hich the w ood is to be cut determ ines the proper age. Young trees show  a closer grain
and give a m ore elastic w ood than old ones. Very old trees, although apparently sound, are
found to be partially decayed in the m iddle of the trunk, so that the elasticity and hardness
of the w ood are replaced by a characteristic brittleness.

D ECAY O F TREES.

As long as a tree is in a healthy condition, its top or crow n retains its sm all branches, but
w hen these refuse to send forth leaves, and break off, it is a sign of decay, and the tree
should be cut dow n and put to som e use ; for, if allow ed to stand, its decay, aided by
parasitic insects, w ill proceed rapidly until there rem ains nothing but a shell, com posed of
the grow ing zone and a few  of the last annual rings, and its value for any purpose w ill
becom e very m uch lessened or entirely lost.

Breaking or saw ing off a branch and leaving the w ound exposed w ill furnish an opportunity
for fungus spores or boring insects to begin the destruction of the w ood.

C utting dow n trees on the border of a forest, or clearing a large space w ithin it, is
destructive to the tall trees rem aining exposed to the w inds and elem ents. The sw aying of
the stem s in a storm  causes the tender root-hairs to be broken off, thus preventing
absorption of sufficient nourishm ent by the root, and shortening the life of the tree.

SEASO N FO R CUTTING .

The proper tim e of the year for cutting dow n trees is an im portant m atter. In the spring and
late sum m er the outer portion of the w ood is charged w ith elem ents w hich tend to hasten its
decay. In the drier sum m er m onths and in w inter the grow ing and conducting cells are less
active or altogether dorm ant, and better w ood m ay be secured if cut during those tim es of
the year. O ak is said to be m ore durable if cut just after the leaves have fallen.

The trees are cut w ith axe or saw, and skill is required to fell a tree so that it w ill com e
safely to the ground, and not hang suspended to neighboring branches or crush young trees
in its fall. An experienced w oodm an w ill direct the falling tree exactly w here he w ishes. He
cuts on the side and about at a right angle to the direction in w hich he w ishes the tree to fall
; next he cuts on the opposite side, and, if necessary, a few  inches higher.

The tree, after falling, is cleared of its branches and saw ed into lengths, according to the
future use of the w ood.

M ILLING .

If near a stream , the logs are rolled or draw n to the w ater and floated to the m ill, w here
they are exam ined and grouped according to fitness for special uses. A long im m ersion of



the logs in w ater rem oves soluble substances in the sapw ood, but is said to injure the
heart-w ood by rendering it less elastic. W ater, how ever, is the easiest and cheapest
m eans of transporting logs. In the absence of an available stream , the logs are carried on
w agons or sleds to a railw ay or directly to the m ill.

The old-tim e m ill, w ith its single upright saw  and ancient w ater-w heel, is seldom  seen
now adays ; it has given w ay to gang and circular saw s, and even to giant band-saw s, run
by turbine or steam . Frequently portable engines and saw s are em ployed on the ground
w here the trees are cut, thus saving the transportation of the w aste portions of the logs.

Logs are saw ed into either tim ber, planks, or boards, and these constitute lum ber.
Tim ber includes all of the largest sizes, such as beam s and joists. Planks are w ide, of
varying lengths, and over one inch in thickness. Boards are one inch or less in thickness,
and of varying lengths and w idths. Lum ber m ay be resaw ed into the m any sm aller sizes
w hich are to be found in the seasoning and storing yards.

The rough-saw ed lum ber m ay be planed at a m ill, and is then called dressed lum ber, of
w hich there is a great variety, adapted to alm ost every purpose for w hich w ood is used.
Dressed planks and boards w hen free of all defects are called clear, and their regular sizes
are  ,  , 1  , 1  , and 1  inches, w hich are one eighth of an inch less in thickness than
saw ed lum ber. O ne-half-inch dressed is m ade by resaw ing one-and-a-quarter-inch lum ber.

D RYING  O F W O O D.

In the preparation of lum ber for use, it is necessary to rem ove its m oisture, after w hich the
w ood is seasoned. The planks and boards after saw ing are placed in large square piles in
the open air, each layer separated by three or four narrow  strips or boards laid in the
opposite direction. By this m eans a free circulation of air takes place throughout the pile ;
the drying is gradual and thorough, if allow ed sufficient tim e. For ordinary carpentry, tw o
years is considered enough, but for joinery at least four years should be allotted to the
seasoning. M any processes have been devised to hasten the evaporation ð  such as kiln-
drying, in w hich the w ood is placed in cham bers heated by steam  or hot air, or by the
em ploym ent of vacuum -pum ps together w ith heat. All are inferior, how ever, to the open-air
seasoning, in that they cause a rapid drying of the surface and ends, w ith a slow  or
im perfect drying of the interior; thus im pairing both the strength and elasticity of the w ood.

It is difficult to give rules for testing w ood to determ ine w hether it has been properly
seasoned or not. O ne w ay is to push a knife-blade into the w ood, and note how  m uch it
sticks w hen w ithdraw n. Another is to cut a shaving from  the board, and note its elasticity,
brittleness, or strength. Experienced w orkm en crush shavings in their hands to determ ine
the character of the w ood.

As the w ood loses its w ater it shrinks perceptibly, m uch m ore in the direction of the annual
rings than in the direction of the m edullary rays, and very little, if at all, in the direction of the



fibers. If w e exam ine the end of a log w hich has been exposed to the w eather, w e w ill find
cracks extending from  the center tow ard the circum ference, and w hich penetrate from  a
few  inches to a foot or m ore into the log (Fig. 14). These cracks, called w ind-checks, are
seen in planks and boards, and cause the ends to becom e w aste w ood. To prevent this
rapid drying, the ends of the logs are tarred or painted. If the lum ber is piled soon after
saw ing, these w ind-checks are sm aller, and the w aste portion is consequently less.

FIG. 14. ð  End of oak-log exposed to the w eather. a, w ind-check ; b, shake.

W ARPING .

Because of the unequal shrinking of the w ood in drying, the planks and boards have a
natural tendency to w arp or curl. Those cut farthest from  the center of the log w arp the
m ost, w hile those at the center rem ain nearly flat. Lum ber seasoned under pressure, such
as that exerted in the pile in the open air, dries straight and true ; but, if it should be
resaw ed into boards of half the thickness, it w ill require further seasoning to avoid w arping.
This tendency to w arp is som etim es seen in very old w ood ; for instance, in planing dow n
an old m ahogany table - top to rem ove scratches, w hat w as perfectly straight and flat
before now  w arps and tw ists to a rem arkable degree. This show s the necessity of using, in
construction, lum ber of the sam e thickness in w hich it has been seasoned.

FIG. 15. ð  W arping of planks cut from  an unseasoned log.

Another cause w hich changes the shape of w ood is its tendency to absorb m oisture, either
from  the air or the ground. This m akes it necessary to protect exposed surfaces w ith paint
or varnish. Pieces of w ork, in process of construction, should stand endw ise and not lie on
the floor, even if it seem s perfectly dry. Lum ber in the w orkshop is kept in racks hanging
from  the ceiling. These racks are so arranged as to allow  the boards to rest on one edge,
and to be separated by vertical strips. In this m anner the boards are easily accessible, and
the seasoning process is continued by the w arm th of the room .

PRO PERTIES O F W O O D.



G rain. ð  W e have seen that w ood is com posed of long, hollow  w ood cells, or fibers,
som etim es accom panied by vessels of varying diam eters. The character and direction of
these fibers constitute w hat is term ed the grain of the w ood. As these fibers separate and
break m ore easily lengthw ise than across, w e say that w ood splits w ith the grain. If the
fibers run very straight, the w ood is straight-grained ; if crooked, then it is called cross-
grained. M any causes affect the regularity of the grain: the stem  itself m ay be crooked, it
m ay be straight, but the fibers run spirally around it, or there m ay be sets of fibers
alternating in spiral directions; branches and w ounds also cause cross-grain.

If the cells are sm all and com pact, the grain is said to be fine, as in box-w ood; if nearly
uniform  in size and thickness, the w ood is even-grained, as in m aple. The cells m ay vary
greatly in size and thickness, and have large vessels in the spring grow th, w hich w ould give
rise to coarse-grained w ood, as in the oak, ash, and chestnut.

The appearance given by the annual rings and m edullary rays to the surface of the w ood
differs very m uch w ith the kind of w ood and the part of the log from  w hich the board is
saw ed. Special cuts are m ade to obtain the best effect of these m arkings. To show  silver-
grain, the face of the board should be parallel, or nearly so, w ith the m edullary rays. The
birch is an excellent exam ple of this effect. M aple and ash are frequently seen w ith a w avy
or curled grain. For veneers, w hich are about one sixteenth of an inch in thickness, w ood
w ith a very irregular grain is selected, such as w alnut roots and knots, and knurls of
m ahogany. In som e old m aple-trees an appearance called bird's-eye, due to a sm all
circular inflection of the fibers, gives to the w ood a fine effect.

W oods in w hich the grain runs alternately in different directions, though hard to split and
very difficult to w ork and finish, usually furnish an ornam ented grain, such as m ahogany.

Density. ð  This property depends on the m ore or less com plete thickening of the w alls of
the w ood-cells, and also upon the num ber and size of the vessels. C ertain operations, such
as turning, carving, and w ood-engraving require dense or close-grained w oods.

Porosity. ð  A porous w ood has large, thin-w alled cells and m any open vessels. Its open
grain is easily filled w ith preserving liquids w hich adapts it for fram ing and tim ber w ork
generally ; if such a w ood is to be finished, the pores m ust be filled before a good surface
can be obtained. As a rule, porous w oods are soft and light, w hile dense w oods are hard
and heavy.

W eight and H ardness. ð  It som etim es happens that the entire cell is replaced by the
thickened cell-w all, and this, together w ith deposits of oily and resinous substances, m ake
an exceedingly hard and heavy w ood. O n the contrary, w e have very light w oods, even
lighter than cork ; these are com posed of thin-w alled cells, filled w ith air. Betw een these
extrem es are found m any gradations of w eight and hardness, but w oods are generally
spoken of as hard or soft, and heavy or light. The hard and heavy w oods are stronger and
m ore durable than the softer and lighter ones.



The w eight is expressed by a num ber, w hich show s the w eight of the w ood com pared w ith
the w eight of an equal bulk of w ater, taken as the standard.

During the process of drying, w ood becom es lighter and harder; thus, lignum -vitae and m ost
of the palm s are quite soft and easily cut w hen green, but after drying are w orked w ith
great difficulty.

Strength. ð  The strength of w ood depends on peculiar pow ers of resisting various forces
brought to bear upon it. Thus, lignum -vitae and the oaks are noted for their stiffness, or
resistance to bending, w hich is probably due to the interlacing of their fibers. Young hickory,
lance-w ood, and others are very elastic, bending readily and returning to their form er
position w ithout injury to the structure. Black or sw am p ash and young w hite oak split easily
into long and strong strips or bands such as those used for m aking chair-seats or baskets.
Very little force is required to break the fibers of w hitew ood, birch, and m ahogany across
the grain. Pine, ash, and m aple break easily but w ith a splintered fracture. In som e palm s
this splintering occurs to such a degree, that w alking-sticks m ay be transform ed into very
dangerous w eapons, w hich has given rise to law s in som e countries re-stricting their use.
R attan, oak, and hickory, w hen bent short, have the individual fibers unbroken, but
separated from  each other ; and are therefore tough w oods. Hard and dense w oods resist
com pression, w hile soft w oods yield to pressure and are indented ; and m ore so w hen the
pressure is applied on the sides than on the ends of the fibers. This com pressibility of the
softer w oods is taken advantage of in gluing up joints, w here the pieces are forced into
perfect contact by the pressure of the screw s. To secure a good joint w ith hard w oods it is
necessary to use the greatest care in preparing and cutting the pieces. The cohesion of the
particles of the fibers, w hen strains are applied lengthw ise, is very great, several tons being
required to fracture pine one inch square.

Color. ð  As the heart-w ood becom es lignified, coloring-m atters are deposited w ithin the
substance of the cell-w all, giving to each kind its characteristic colors; these are exhibited in
great variety, including every shade of color betw een the w hite of satin-w ood and the black
of ebony. In the sam e w ood there m ay be variations of tint, or even color, in the annual
rings and m edullary rays, enhancing the beauty of its appearance. The sap-w ood receives
none of the color-pigm ents, and therefore is alw ays light or even w hite. As a rule, exposed
surfaces, w hether varnished or not, becom e darker; and this darkening, besides indicating
age, gives to the surface a m ore agreeable effect than that of new  w ood. It is for this
reason, as w ell as deception, that new  cabinet-w ork of hard w ood is stained to im itate the
effects of age. C olor com bined w ith a figured grain constitutes the intrinsic ornam ent of
w ood.

Durability. ð  At great age a slow  oxidation of the constituents of the cell-w all takes place
in the interior of the heart-w ood of standing trees, thus rendering the w ood softer and
brittle, and an easy prey to the fungi and insects. D am pness, by prom oting fungus grow ths,
is very destructive to cut tim ber, few  w oods w ithstanding its injurious influence; especially is
this so w hen there are alternating dam pness and dryness as seen in those portions of a



building or structure in contact w ith the soil. M ost w oods if kept dry and protected from
insects w ith paint or varnish, w ill last for ages, as illustrated by ancient pieces of furniture.
Nearly all w oods are perfectly preserved if kept im m ersed in w ater, w hich is show n by the
w ood of vessels that have been sunk for a hundred years or m ore, and w hich finds
application in laying the foundations of stone for large buildings and bridges upon the tops of
piles driven below  the w ater-m ark. M any w oods like cedar and cam phor-w ood have w ithin
their substance oils and resins w hich protect them  from  the fungi and insect life.

D EFECTS IN W O O D.

Som e of the defects found in lum ber, as w ind-checks, cross-grain, w arping, and im proper
seasoning, have already been alluded to. W ood m ay be shaky (b, Fig. 14), w hich is a
separation of the annual rings, show ing checks or splits, som etim es including nearly all of
the central portion and extending throughout the length of the stem . No w ood furnishes a
better exam ple of this than hem lock. This shaky condition is caused by the sw aying from
the force of w ind, acting upon trees in open places, along the borders of forests, and
especially those adjoining cleared tracts.

Knots in the w ood are im perfections arising from  the deflection of the fibers w hich form
branches. Near the center of the stem  the fibers are few  and the knot sm all, but as the
stem  enlarges in size the num ber of fibers in the branch increases so that at the
circum ference of the stem  the knots are largest. The great strength required at the union of
branch and stem  is show n by the superior or hardness and density of the w ood com posing
the knot. D ead branches give rise to loose and dark-colored knots (Fig. 16, b), and the
fibers of the stem  that form  afterw ard bend around the branch, continue up the stem , and
produce cross-grained w ood in the vicinity of the knot. Fast knots are the result of living
branches, and boards containing them  m ay be used w herever strength or finish is not
required.

FIG. 16. ð  Knots. a, fast ; b, loose.

Sap-w ood. ð  The edges of boards frequently retain a portion of the sap-w ood, w hich m ust
not be placed in any perm anent structure, because of its softness and tendency to induce
decay.

Resin-pockets are spaces betw een the annual rings of pine tim ber, filled com pletely or in



part w ith resin. These slightly w eaken the board, and if used in any portion of a building
exposed to the w arm th of the sun, w ill exude drops of turpentine, even if the surface has
been painted or varnished.

Decay. ð  O f all the defects in w ood, decay or rot is at once the m ost prevalent and
disastrous to the strength and usefulness of the m aterial, and, w hen begun, w ill continue
until the w hole of the w ood is consum ed.

D efects in m illing are frequent. Lum ber m ay be uneven in w idth or thickness. The saw  m ay
have torn out fibers in places, or have cut irregularly, so that, in planing the boards, m arks
of the saw  rem ain. W hen the edges of boards are not squared, they are term ed w any.

M EASURE AND VALUE O F W O O D.

Tim ber and lum ber one inch or m ore in thickness are sold by the square foot, m eaning one
foot square by one inch thick, or containing one hundred and forty-four cubic inches. Boards
less than one inch in thickness, and veneers, are sold by the square foot, face m easure.
Lum ber w hich is finished at the m ills for special purposes m ay be sold by the running foot,
or length in feet, as m oldings; or by the piece, as fence-boards, studs, and m any kinds cut
to standard sizes. A few  are sold in quantity, as fence-pickets, laths, or a bundle of
shingles, intended to cover a certain area. M any of the m ore expensive and fancy w oods,
such as lignum -vitae and box-w ood, are sold by the pound.

Values of w ood vary w ith supply and dem and as w ell as w ith quality and appearance.
D urability and a figured grain are especially sought for. Fashion also, in dictating the
m aterial as w ell as the style, determ ines the dem and for the hard w oods, particularly those
used for furniture and the interior w ood-w ork of houses. Thus w e find a succession of
favorites, each of w hich, after serving a few  years of preferm ent, has been set aside to
m ake room  for the next. Beginning w ith m ahogany and rose-w ood, w e note black w alnut,
ash, ebony and its im itations, and again m ahogany, as having been the choice, until at the
present day, oak, neglected for m any years, is the leading w ood.

K INDS O F W O O D.

In this list are given the w oods com m only used by carpenters and joiners, together w ith
their chief characteristics.

Pine G roup.

W hite Pine, com m only called pine, is a rapidly grow ing tree in the Northern United States
and in C anada. It attains a large size in favorable soils, and furnishes a light, soft, not
strong w ood, w ith a close and straight grain. The annual rings are m arked by narrow
sum m er grow ths, and the m edullary rays are very fine and num erous. The color is a faint
yellow ish brow n, darkening w ith exposure. Its abundance, the ease w ith w hich it is w orked,



and its pow er to hold glue, m ake its use very extensive, especially in all carpentry-w ork
w here an easily finished w ood is desired. It is one of the best w oods for m aking patterns
for casting.

G eorgia Pine, of the South Atlantic and G ulf States, is a large forest tree w ith sm aller
annual rings than pine, and w ith a broad, dense, resinous, and dark-colored sum m er
grow th, w hich gives to the w ood a w ell-m arked grain. In radial section the num erous and
fine m edullary rays are scarcely visible. The w ood is heavy, hard, strong, and durable,
becom ing harder and som ew hat brittle w ith age. It is used for heavy tim bers, floors, and,
because of its grain, som etim es as a trim m ing w ood.

The m any other species of pine have local or lim ited use. Am ong them  the yellow  or Jersey
pine is perhaps the best know n, as it is largely m anufactured into lum ber. Its properties are
about interm ediate betw een w hite and G eorgia pine

B lack Spruce grow s in about the sam e regions as w hite pine, and furnishes a w ood very
sim ilar to it, excepting that it is m ore resinous. This and w hite spruce are com m only called
spruce, and are used extensively for inferior w ork.

Hem lock. ð  A species sim ilar to spruce, grow s in the Northern States. Its w ood, w hich
splits or breaks easily, is light, m oderately soft, has a coarse, uneven grain, and is
frequently shaky. It holds a nail m uch better than pine, w hich fits it for rougher building
m aterial.

W hite C edar. ð  Abundant in the Atlantic States, supplying a soft, light, fine-grained, and
durable w ood, suited for a variety of purposes w here durability rather than strength is
required. The annual grow th is of m oderate size, m ade up of very sm all w ood-cells,
traversed by exceedingly fine and num erous m edullary rays. It is used in boat - building,
cabinet - w ork, cooperage, cigar - boxes, and shingles.

Red Cedar is a sm all tree of slow  grow th, w idely distributed in various soils, usually rocky,
but reaching its largest size in sw am ps. The w ood is like w hite cedar, but m ore com pact,
even-grained, and durable. It is reddish-brow n in color and extensively used in cabinet-
w ork, because of its strong odor, w hich repels insects. Its durability m akes it valuable for
posts, sills, and other structures in contact w ith or near the ground.

Cypress. ð  This tree of the Southern sw am ps grow s to a great size. It furnishes a m ost
valuable w ood, because of its durability, w hich is claim ed to be superior to that of all other
w oods. It is light brow n in color, and in structure sim ilar to w hite cedar, w ith larger w ood-
cells. Its tim ber is preferable to pine in trim m ing brick houses, and in all parts exposed to
the w eather. In the South its em ploym ent is as general as that of pine in the North.

Redw ood. ð  O f late years the w ood of the giant fir-trees of C alifornia has been introduced
into the chief lum ber m arkets of the country. The w ood-cells are large, the com pact



sum m er grow th constituting about one quarter of the annual increase. The color is a dull
red, the quality very durable, w hile the w ood shrinks perceptibly in the direction of the grain.
In other respects this w ood resem bles pine, and is used for general construction as w ell as
ornam entation.

Palm  G roup.

W hile in m any tropical countries the palm s supply the inhabitants w ith m any necessities, as
building-w oods, starch, sugar, fruits, fibers for ropes and cloth; in tem perate clim ates the
abundance of better m aterial lim its the use of the palm  group.

Palm s. ð  The num erous kinds differ in height, diam eter, and structure. The fibro-vascular
bundles vary in size and num ber, are exceedingly hard, and the surrounding pith either soft
or very hard and solid at the outside and soft w ith few  bundles on the inside. Usually the
w ood cuts easily w hen green, but only w ith the greatest difficulty w hen dry. Besides the use
of the palm etto for w harf-piles, som e of the palm s are com bined in cabinet-w ork, and used
for canes and handles.

Rattan. ð  A long, slender, trailing palm , furnishing a tough, flexible m aterial, w hich enters
largely into the m anufacture of furniture.

Bam boo. ð  A gigantic m em ber of the grass fam ily, grow s in the tropical regions of
Am erica and Asia, and has a lim ited use in cabinet-w ork. Its hollow, jointed stem  adapts it
to m any inferior uses, such as canes and handles, and w hen split and joined in a peculiar
w ay form s the m uch-prized fishing-rods.

O ak G roup.

Birch. ð  Am ong the m any species of birch, the cherry or black birch supplies the best
lum ber. The w ood is heavy and strong, colored brow nish-red, w ith a fine, com pact, and
evenly m arked grain, due to the absence of m any vessels in the annual rings, and has very
sm all but visible m edullary rays. It is used in ship-building, turning, and extensively in cheap
furniture.

W hite O ak is the standard by w hich the strength, durability, hardness, and other qualities of
the various w oods are com pared. It is distributed generally throughout the eastern half of
the United States, grow s to a large size, and furnishes superior tim ber. Large vessels in the
spring grow th occupy from  one third to one half of the narrow  annual rings. The m edullary
rays are large, thick, and exceedingly hard. The w ood is heavy, hard, strong, difficult to split
radially, coarse-grained, and colored a light brow n. It is used in structures requiring great
strength, and especially in ship-building, cooperage, and carriage-m aking.

R ed O ak. ð  A very large forest tree of the United States. It furnishes a heavy, hard, and
strong w ood, w ith a very coarse grain, due to a large num ber of vessels of uniform  size
crow ded into the first half of the annual grow th, and also to the large and thick m edullary



rays. The w ood is reddish brow n, durable, and used extensively for furniture and cabinet-
w ork generally.

Chestnut. ð  A very large forest tree com m on in the Atlantic States, having a characteristic
coarse-grained w ood. The annual grow th is considerable, frequently over half an inch, in
w hich the vessels are num erous, large in the spring w ood, but gradually becom ing sm aller
tow ard the sum m er grow th. The m edullary rays are sm all and indistinct. The w ood is light,
m oderately soft, breaks and splits easily, is rem arkably durable exposed to the w eather
and not in contact w ith the soil. The tree reaches its best condition at about fifty years of
age, after w hich it is very liable to decay in the m iddle of the heart-w ood. It is w ell adapted
for the coarser parts of a building, is used to a sm all extent in cabinet-w ork, and extensively
for out-of-door structures.

Beech. ð  A large forest tree grow ing generally east of the M ississippi, provides a heavy,
hard, and strong w ood. Itr has a fine, even grain, is of a light color, and has large m edullary
rays. It is used to a lim ited extent for furniture? but m ore for im plem ents, especially plane-
stocks.

B lack W alnut is one of our finest and largest tim ber-trees,, grow ing in the central and
eastern portions of the United States. It furnishes long, w ide planks and boards of superior
qualities. The w ood is m oderately heavy and hard, dark, porous, and m arked by a beautiful
grain. It is strong, durable, and not liable to the attacks of insects. The annual rings contain
m any vessels, and the m edullary rays are exceedingly sm all. At one tim e it w as the favorite
w ood, and extensively used for internal decoration and fancy-w ork. It is still largely nsed
com bined w ith veneers from  roots and knurls of European varieties. G un-stocks are alm ost
exclusively m ade of w alnut.

Butternut is a sm all species of w alnut, giving a light and soft w ood, w ith a w ell-m arked
grain. Its lum ber is short in length, not liable to split, noted for its resistance to heat and
m oisture, and the ease w ith w hich it receives paint or polish. It is used in cabinet-w ork.

Hickory is a tree of branching habit, found com m only in the United States. Its w ood is
heavy, tough, very strong, and usually cut into planks. The annual rings are indistinct and
crow ded w ith fine vessels, or m arked by a narrow  zone of larger vessels. The m edullary
rays are very broad, num erous, and distinct. The flexibility and toughness of the w ood
cause it to be extensively used in the construction of im plem ents, tools, carriages, etc.
Difficulty of w orking and liability to the attacks of boring insects prevent its use in building.

Buttouw ood, or sycam ore, is the largest tree, of the oak group in the United States. It
furnishes a heavy, hard, light-brow n w ood, w ith a fine, close grain. It is readily polished,
easily broken, and difficult to w ork. Throughout its annual rings are sm all vessels, very
num erous in the spring grow th. The m edullary rays are num erous and thick, and give to the
radial section a silver grain sim ilar to that of beech but m ore strongly m arked. The great
liability of the w ood to decay, and its tendency to w arp, restrict its use to structures



thoroughly protected from  the atm osphere and m oisture.

Ash. ð  A large tree grow ing in the colder portions of the United States, furnishes a
m oderately heavy, hard, strong, and very elastic w ood. The annual rings are com pact, w ith
large vessels in the spring grow th. The m edullary rays are num erous, sm all, and thin. The
w ood is coarse-grained, light brow n, and extensively used for im plem ents and m achinery,
for furniture and cabinet-w ork. Its liability to decay, and its brittleness w ith age, prevent its
use in heavy w ork.

Apple. ð  The reddish-colored w ood of the fam iliar fruit tree, is m oderately heavy and hard,
has a very com pact and fine grain. The annual rings are narrow  w ith sm all vessels, and the
m edullary rays are very fine and crow ded. The w ood is preferred for tool-handles, turnery,
and sm oking-pipes.

Pear. ð  In structure the w ood of the pear-tree is sim ilar to that of the apple. It becom es
hard and dense w hen dry, and yields readily to edge tools. Its alm ost grainless character
adapts it for a variety of purposes, particularly carving and the coarsest kinds of w ood-
engraving.

W ild C herry. ð  A tree com m on in the United States, furnishes a m oderately heavy, hard,
and durable w ood. The annual rings are w ide and evenly filled w ith sm all vessels. The
m edullary rays are fine, crow ded, and light red in color. The grain is fine and close, and the
w ood easily polished. It is brow nish red in color, and used extensively for cabinetw ork.
After several years the w ood becom es very brittle.

Locust. ð  O ne of the largest forest trees, grow ing generally throughout the United States.
Its hard, yellow ish w ood is com posed of very w ide annual layers, in w hich there are
com paratively few  and large vessels arranged in row s. The m edullary rays are w ell m arked
and num erous. Although it polishes readily, it is used only to a sm all extent in cabinetw ork,
but finds a dem and in exposed structures, w here great durability is necessary, as in ship-
building, supports for buildings, posts, etc. Its hardness, w hich increases after m anufacture,
m akes it a favorite w ith turners.

Sugar-M aple is a tim ber-tree of large size, grow ing in the northern parts of the United
States and in C anada, w hich, besides furnishing a sap rich in sugar, gives a light-colored,
fine-grained, hard, strong, and heavy w ood. Its annual grow th is narrow, w ith sm all vessels
scattered through it. The m edullary rays are sm all and distinct, giving to the radial surface a
w ell-m arked silver grain. In the older trees, w avy or curled grain, or the inflection called
bird's-eye, m ay appear, enhancing the beauty and increasing the value of the w ood. W ere it
not for its w ant of durability, its hardness and handsom e, silky grain w ould m ake it our m ost
valuable w ood. It is used. for. a great variety of purposes ð  building, im plem ents, m achine-
fram es, w ork-benches, furniture, fancy-w ork, and turnery. C urled and bird's-eye m aples are
frequently saw ed into veneers.



M ahogany. ð  A native tree of the W est Indies and C entral Am erica. It is a very large and
m ost valuable tree, furnishing a durable and handsom ely m arked w ood. Its color varies
from  yellow ish to reddish brow n; its hardness from  a m oderately to an exceedingly hard
w ood; and its grain from  straight to the m ost crooked contortions. The annual rings are
large, and contain a few  large, scattered vessels. The m edullary rays are very fine and
crow ded. A peculiarity in the grow th of m ahogany is the alternating obliquity of the fibers of
one annual layer to those adjoining; this is som etim es over ninety degrees betw een fibers
four or five layers apart. The straight-grained varieties have little tendency to w arp, but the
cross-grained ones w arp and tw ist to a rem arkable degree. The w ood is used for m any
purposes ð  m achine-fram es, w ork-benches, all kinds of furniture, cabinet-w ork, interior
finish of dw ellings, and patterns.

Lignum -vitae. ð  A W est India w ood, exceedingly heavy and hard. The annual rings are
alm ost solid, containing a few  sm all and scattered vessels. The m edullary rays are very
num erous, but difficult to m ake out. The w ood is very resinous, hard to split because of the
obliquity of the fibers of the annual layers, and dark brow n in color; it is soapy to the touch;
is used for sm all tools, bow ls, and in turnery; and is w ell adapted for block-pulleys.

Bassw ood is a large tree grow ing generally throughout the Northern United States and
C anada. It furnishes a light, soft w ood, w ith the general appearance of pine. The annual
layers are filled w ith very sm all vessels, the m edullary rays num erous and distinctly seen in
radial sections. Though not strong, the w ood is difficult to split, and has a great tendency to
w arp. It m ay be easily bent, thus adapting it to a variety of uses, especially the curved
panels of carriages and sleighs.

W hitew ood is the w ood of the tulip-tree, a large, straight-stem m ed forest tree, grow ing in
m ost of the United States. The w ood, is light, soft, breaks easily w ithout splintering, does
not split w ith the grain w hen dry, shrinks excessively in drying, and is very liable to w arp and
tw ist. The annual rings are very large, w ith num erous sm all vessels throughout, giving a fine
grain. The m edullary rays are very num erous and distinct. The cheapness, ease w ith w hich
it is w orked, and large size of its boards, cause the w ood to be used in carpentry and
cabinet-w ork in m any places w here pine is better suited.

Rosew ood. ð  The w ood of several foreign trees grow ing in Brazil, C anary Islands, Siam ,
and other places. The annual rings are narrow, alm ost solid w ith resinous m aterials, and
w ith a few  very large, scattered vessels. The m edullary rays are very fine but perceptible
on the sm oothed surface. The w ood is heavy, hard, brittle, takes a high polish, and has a
characteristic odor and taste. The grain is rem arkably handsom e, those kinds w ith
alternating dark-brow n and red m arkings being m ost prized. Besides tool-handles few
things are m ade of the solid w ood; it is saw ed into veneers w hich are extensively used in
cabinet-w ork.

Boxw ood. ð  A tree grow ing in Southern Europe and Asia, furnishes a heavy, hard w ood
w ith a peculiarly even, alm ost structureless grain. The annual rings are very narrow, w ith



m any sm all, scattered vessels. The m edullary rays are very fine and num erous. Boxw ood is
yellow ish in color, and is used for m any purposes ð  in turning, m odel-m aking, and
particularly in w ood-engraving, in w hich it has no equal.

Ebony. ð  A dark, som etim es jet-black w ood, from  several foreign countries, the best
com ing from  the M axiritius. The w ood is heavy, hard, very strong, w ith an alm ost solid
annual grow th, in w hich there are very few  open vessels. The m edullary rays are very fine,
but visible. It has an astringent taste, takes a high polish, and is used for m any sm all
articles, in turnery, and in cabinet-w ork.

Table of W oocU, with their Chief Q ualities com pared by Sim ple Num bers.

W O O D AND IRO N.

Before the great advancem ent in the m anipulation of iron and steel, w ood had a m uch m ore
extended application than exists at the present day. Structures such as buildings, furniture,
and im plem ents, w ere m ade entirely of w ood; the pieces w ere stiffened by w ooden braces
and the joints fastened by w ooden pins. But the superior strength of m etal, and the
convenience w hich attends its use in connection w ith w ood, have-led to great changes in the
m anner of construction and the form  of the w ork. W ooden pins and hand-m ade nails have
given w ay to m achine-cut nails and screw s, and the superior joints obtained by the latter
allow  the w ooden parts to be m ade of different kinds and m uch lighter than before.

In Am erica, w here w ood is plentiful and cheap, dw ellings and buildings generally are m ade
of this m aterial. In portions of the larger cities w here the houses are necessarily high and
crow ded, the danger attending the use of such a readily inflam m able substance as w ood
has led to the adoption of briek and stone for the w alls, and m etal or slate for the roofs.

Lightness of w eight and the natural beauty of its grain w ill alw ays insure the em ploym ent of



w ood in the m anufacture of furniture, and for the trim  and interior decoration of houses. To
secure lightness and elasticity in im plem ents and m achinery, m any parts m ust be
constructed of w ood.

Tem porary structures, such as scaffolding and the false w ork of bridges and trestles, are
built of w ood, and require alm ost as m uch care in their construction as if intended to be
perm anent.

In ship-building, iron and steel have alm ost supplanted the em ploym ent of w ood. Their
superior strength and firm ness at the joints m ake safer and faster vessels.

As a direct result of the progress in the m anufacture of iron and steel, m ost of the w ood-
w orking tools and m achinery have been greatly m odified and im proved. This is best seen
am ong the m easuring, boring, and planing tools, w hich have so changed that greater
accuracy, easier w ork, and better finish are now  w ithin the pow er of every w orkm an.
Am ong the m achines m ay be found appliances for im itating m any of the operations form erly
done by hand, and, w hile this m ay Saem  to be an encroachm ent upon the province of the
w orkm an, it m ust be rem em bered that the proper care and adjustm ent of these m achines,
and the accurate union of the pieces shaped by them , necessitate a thorough know ledge of
the m anipulation of the hand tools.

W O O D-W O RKING  TRADES.

W hile one or tw o m en in a sm all com m unity m ay furnish all the w ood and m etal w ork
needed by it, in large tow ns and cities the great am ount and variety of w ork required
necessitate a division of labor, resulting in num erous trades or crafts. Som e of these are
exclusively w ood-w orking, others m etal - w orking, w hile a few  com bine portions of both.

To follow  or em ploy any one of the trades intelligently and successfully, the underlying
principles governing the use of all sharp tools m ust first be thoroughly understood and
acquired by practice. Upon this know ledge as a basis the num erous details of form s and
joints, of arrangem ent and adaptation of different m aterials, m ust then be accum ulated by
years of w ork and study to produce a m echanic in any one of the various pursuits.

Carpentry. ð  O f all the w ood-w orking trades carpentry is the m ost general. It includes the
cutting and fram ing of large tim bers and rough planks and boards for building houses,
bridges, trestles, piers, ship-fram es, and the like. The form , size, and arrangem ent of the
tim bers necessary to resist the strains are designed by an engineer or architect, but the
details, and especially those of the joints, m ust be determ ined and laid out by the carpenter.
The w oods m ade use of in carpentry are usually pine, hem lock, spruce, oak, and chestnut.
The tools em ployed are the larger hand-saw s, ax, adz, strong chisels, brace and large bits,
ham m er, and m allet; and for m arking, a chalk-line, tape m easure, large steel square, and
carpenter's pencil, together w ith plum b-line or level; as a general thing, these com plete the
outfit.



Joinery differs from  carpentry in that the w ork is sm aller and m ade sm oother; and the
form , size, and joints established by experience and long usage are constructed to give a
finished appearance as w ell as strength. All the com m oner and fancy w oods, together w ith
bone, ivory, and som e of the m etals, are used in the m any branches of joinery. The tools,
besides those of the carpenter, include the finer saw s, chisels, and gouges, the various
form s of planes, sm aller boring-tools, and m easuring-tools, sUch as try-squares, bevels,
gauges, com passes, and finely divided rules.

As necessary adjuncts to joinery w e have turnery and carving, w ith m odified form s of
chisels and gouges for ornam ental w ork; and painting for finishing and preserving w ork.

Som e of the applications of joinery create distinct trades, such as cabinet and furniture
m aking; stair, sash, and door m aking; pattern and m odel m aking; carriage and boat
building, and cooperage ð  all of w hich require special w oods and m odified form s of tools
adapted to the particular and various form s and joints peculiar to each.

In Am erica there are m any m echanics w ell versed in both carpentry and joinery of ordinary
house-building, and w ho are know n by the general nam e of carpenter.

PARASITIC PLANTS.

The form s of plant-life destructive to living trees and lum ber belong to the higher orders of
the group Fungi. These are parasites ð  that is, they do not possess chlorophyl (the green
m atter com m on to the higher orders of plants), and therefore do not assim ilate or digest
food for them selves, but live on the digested and structural m aterial of others. They are
developed from  m inute spores, grow  and decay very rapidly, and contain a large am ount of
nitrogen in their com position.

The structure of these fungi consists of tw o portions ð  a tangle of thread-like filam ents
having som ew hat the appearance of the root-hairs in the higher orders of plants, and w hich
have for their function the absorbing of nutritive m aterial for the fungus; and a denser
portion com posed of straight filam ents, w hich form  on their extrem ities the spore-bearing
cells.

In developing, the fungus starts from  the spore, w hich corresponds to the seed of the
higher orders. This spore sends out a long filam entous tube w hich, as it progresses, gives
off branches, and these in their turn branch until the tangle of filam ents, called the
m ycelium  is form ed. This m ycelium  m ay have long and separated filam ents, as in the
underground portion of m ushroom s, or it m ay have the filam ents m assed together, as seen
in som e polyporous fungi under the bark of trees. W hen the m ycelium  has absorbed
sufficient nourishm ent to produce spores, it sends out the straight branches usually into the
light. The m ycelium  is about the sam e in all the different fungi; the variations in the form  and
color of the spore-bearing portion, and the characteristics of the spores, giving to each kind
its place in classification.



The exact conditions w hich cause the spore to develop a m ycelium  are not know n, but it
m ay be generally stated that it m ust find a resting-place containing nutritive elem ents
peculiarly suited for its grow th, and, as accom panying conditions, w arm th, m oisture,
am m onia, and an absence of strong light.

Som e of the fungi obtain their food from  the contents of the living cells of the plant, so that
the m ycelium  destroys by entering and depleting the sap-w ood of the tree. In others the
m ycelium  secretes a peculiar juice, w hich has the pow er of decom posing the lignin of the
heart-w ood, and converting it back into cellulose, w hich is dissolved and absorbed by the
fungus. The latter destroys by rem oving those elem ents w hich give to w ood its strength,
and causes a condition in the tree or lum ber know n as decay or rot.

In the heart-w ood the vessels and cells facilitate the grow th of the fungus in the direction of
the grain, w hile its progress across the grain is com paratively slow. In passing to adjoining
cells the filam ents of the m ycelium  m ay go through the pores, or by the solvent action of its
secretion m ake openings for itself.

FIG . 17. ð  M ycellium  of fungus piercing w ood-cells. a, filam ents; b, holes form ed by fungus.

The extent to w hich these fungi w ill grow  depends on the supply of food m aterial, so that,
once established in the stem  of a tree, they m ay spread until the entire structure is
consum ed. If their filam ents pass through the soil, like those of som e of the toadstools,
m any trees m ay be affected and destroyed by one fungus. The innum erable m ass of
spores given off by the fungus w ould seem  to predict the entire destruction of tim ber-trees,
but fortunately this is prevented by the difficulty of satisfying the peculiar requirem ents
necessary for the developm ent of the spores.

Am ong the. parasitic fungi those w hich are especially destructive to w ood belong to the
group HYM ENO M YC ETES, or those having naked spores grow ing on exposed surfaces. In the
agarics, or toadstools, these surfaces are thin, flat plates, called gills. In the polypores, or
tree-fungi, the spore surfaces are tubes w hose openings constitute the pores. In M erulius,
or tear-fungus, the spore surfaces are shallow  cavities.

The toadstool (Agaricus rnelleus) is very destructive to m any trees, including the firs, pines,
beech, and oak. Its m ycelium  consists of long, dark filam ents several inches below  the
surface of the ground, that gain access to the w ood by attacking the roots and sending its
filam ents up into the stem . The spore-bearing portion is frequently seen in the autum n at the
base of dead trees; it is yellow ish, and has the gills extending partly dow n the stem , on
w hich is a w ell-m arked ring. Besides scattering its spores, the danger from  this fungus



consists in its pow er to send filam ents through the soil from  one tree to another.

FIG . 18. ð  Toadstool. a, stem ; b, um brella top; c, ring attached to the top before it expands; d, gills; e, filam ents form ing the
m ycelium .

The tree-fungiis (Polyporus annosus) is very destructive to the pines and firs. Its m ycelium
is w hite,-silky, and forces its w ay through the bark of the roots into the living cells, and from
them  into the living cells, and from  them  into the heart-w ood. The spore-bearing portion m ay
appear on the low er part of the trunk or upon the roots underground. The porous surface is
turned upw ard and the spores transported by insects or burrow ing anim als from  root to
root. The Polyporus sulphurus is one of the best know n af the destructive fungi, and
attacks alm ost every kind of tree. Its m ycelium  develops from  spores w hich lodge in the
stum p of broken or saw ed branches, and passes-dow nw ard into the stem  consum ing the
tissue as it goes. Its sporing portion is bright yellow  on the under or porous side and red
above, usually projecting from  the decayed stum p of the branch or in advanced cases from
the side of the stem .

P. pint is sim ilar to the P. sulphurus, and is a w ound-parasite on the pines.

FIG . 19. ð  Polypore grow ing on a living locust-tree.

P. fulvus is also a pine-tree fungus, peculiar in its action, in that it does not dissolve the
lignified parts of the cell, but the thin m em branous substance w hich unites the cells, thus
setting the cells free. P. dryadeus acts in a sim ilar w ay in oak-trees.

M erulius lacrym ans affects pine and spruce tim ber in houses, and especially the ends of
joists and beam s in contact w ith dam p brick or stone w alls. Its m ycelium  penetrates the end
w ood, causing dry rot and form s on the surface of the w ood and adjacent brick-w ork a flat,
m oist m ass w hich develops on its under side shallow  spore cavities. All fungi contain large
quantities of w ater, but the lacrym ans frequently holds an excess w hich exudes in sm all



drops from  its spore surface.

T he Dcedalia is closely related to the Polyporus, and is parasitic on w hite cedar and
cypress.

Am ong the higher form s of fungi the Dem atium  giganteum  is very destructive to oak; noted
cases of its ravages being the destruction of oak piles along the sides of the C anal du M idi,
Toulouse, and the destruction of the Foudroyant, a sixty-gun vessel, in tw o or three years.

The m oist condition of standing tim ber adapts it to the attacks of the fungus m ycelium . In
cut tim ber, w arm th and m oisture, w ith bad ventilation and im perfect seasoning, all favor the
grow th of the fungus. An exam ination of the w ood, as the m ycelium  progresses, show s at
first a darkening, usually of a brow n tint, due to the action of the fungus secretion on the
w ood. Then the w ood becom es yellow ish, w ith black spots surrounded by w hite m asses of
cellulose, derived from  the decom posed lignin of the cell-w alls. This cellulose is slow ly
absorbed by the m ycelium , the w ood assum es a light-brow n color, and is very soft and
brittle. W hen the thin m em brane w hich unites the cells becom es dissolved, then the w ood
loses its form  and breaks dow n into a brow n pow der, leaving a hollow  trunk.

TIM B ER -B O R ER S.

From  the outer bark to the innerm ost heart-w ood, all trees have enem ies, m ore num erous if
not m ore destructive than m an. If w e go to the nearest saw -m ill or w ood-pile, alm ost the
first thing w e notice is the w orm -eaten appearance that so m any tim bers present. If, now,
w e stop and exam ine one of these logs w ith a little care, w e m ay m ake out the directions of
the borings, and probably find the cause of these depredations in the form  of a sm all, w hite-
bodied grub. A little further study of the various w oods in the neighborhood w ill show  us:

1. That borings in the sam e log m ay be m ade by different kinds of grubs.

2. That special kinds of borers infest certain kinds and conditions of w oods.

3. That the softer parts of the tree, such as sap-w ood or w ood in decay, are far m ore
frequently infested than the harder parts.

4. That, on account of the m ore porous structure, the grub is apt to follow  the grain of the
tim ber, rather than pass through a num ber of m ore com pact rings of grow th.

W e have thus far been considering the case of w ood in the green state, but w e m ay find
that these principles of borers m ay be applied as w ell to seasoned w oods, save that this
class is not usually attacked until decay has com m enced. Any m ethod of softening the
w ood, as heat, cold, or m oisture, aids its destruction by insects. The destruction of tim bers
under w ater such as w harf or bridge piers, or ship-bottom s, is hardly a part of the present
them e. It m ay be noted, how ever, that w hat the insect does on land, the m ollusk, boring



sponge, and m arine w orm  accom plish in salt w ater; and that such destruction is apt to be
m ost rapid near the low -w ater m ark.

Thus far w e have seen w here the borings occur; let us now  consider the insect itself, and
its m ethod of w ork.

Probably all the borings w e have so far seen have been the w ork of beetle-grubs. W e m ust
rem em ber that beetles, like butterflies, and like nearly every other insect, m ust pass
through a series of changes or transform ations before they becom e w hat w e regard as
beetles. The egg laid by the adult beetle on the proper food-supply hatches into a m inute
grub. This grub, or larva, sets at once to feeding, grow s continually, and sheds or m olts its
outgrow n skins until it attains a lim it of size. Thence the insect passes into a curious,
m um m y-like pupa stage; and it is from  this dorm ant state of transition that the beetle finally
em erges. Keeping in m ind this life-history, w e m ay see how  from  the egg in som e crevice of
bark the grub has steadily eaten its w ay inw ard to its proper food-supply, w hether in sap-
w ood or heart-w ood, and has there grow n and prospered. As the period of this feeding life
in m any borers extends over years, w e m ay understand how  m uch dam age is apt to be
done. The grub spends its tim e feeding and resting, frequently retracing its w ay to the outer
opening, and enlarging its gallery w henever necessary. A large am ount of the w aste
saw dust, som etim es freshly cut, som etim es glued into pellets by the insect's secretions, is
continually being pushed out of the boring and allow ed to drop to the ground, w hitening the
bark of the tree and readily revealing the insect's w hereabout. W hen about to transform  into
the pupa the grub usually fills up the outer opening w ith chippings, stuck together, in order
to conceal itself from  enem ies, especially from  the sharp-eyed w oodpecker. Som etim es,
instead of this m ethod of protection, the insect w ill inclose itself in a strongly m ade cocoon
of chippings; but in either case the glue-like m atrix is readily dissolved by a secretion of the
escaping insect.

FIG . 20. ð  O ak-pruner.

FIG . 21. ð  Its larva.



FIG . 22. ð  Its pupa.

The w ay in w hich the grub is enabled to bore into the hardest w oods is certainly of singular
interest, and gives another exam ple of the w onderful m uscular developm ent of the insect,
m ore w onderful than the leg-m uscles of the grasshopper or even than the w ing-m uscles of
the hum m ing-bird m oth. If w e take any com m on beetle, w hether perfect or in the grub
stage, and exam ine for a m om ent the m outh parts, w e m ay readily m ake out a pair of
short, thick jaw s, or m andibles, m oving side w ise, rem inding us of the tinsm ith's shears,
protected by flap-like lips, one in front and one behind. It m ay be seen, from  the w ay the
lips are hinged at their bases, that they m ay serve to hold the object to be cut, and that
they are aided in this by a pair of sm all, jointed appendages inserted near the under lip. The
m andibles them selves, if m ore closely exam ined, w ill be seen, like the shears, to press their
cutting edges together as they m eet side by side, but w e m ust note that the cutting edges
are short and curved, som ew hat like the edge of a gouge. The pivot on w hich the jaw s
rotate is located at the extrem e outer m argin of the m outh, and the heavy m uscles w hich
start from  the back of the insect's head are attached solidly to the m ovable jaw  betw een
the pivot and curved, or gouge-like cutting edge, so as to gain an im m ense leverage. The
boring is in reality a process of countersinking, the insect frequently changing from  a right to
left m otion, to one from  left to right, and it is by som e believed that in this change the jaw s
are sharpened. As a rule it m ay be stated that the jaw  of a hardw ood borer has a short,
strong, cutting edge, and that the particles of w ood cut are exceedingly m inute. So nicely
are the cutting pow ers adjusted that instances are recorded of the boring of sheet-iron by
an escaping beetle. A C entral Am erican w ood-beetle (Zopherus), kept alive this w inter in a
glass jar at college, found no difficulty in cutting its w ay out, of an evening, through a
covering of sheet-lead one sixteenth inch thick.



FIG . 23. ð  M outh-parts of Zopherus M exicanus.

EXPLANATIO N O F FIG UR E 23.

1. Dorsal aspect of the head of Zopherus M exicanus: l, labrum  ; p, palpus ; c, clypeus; e,
eye; a, antenna.

2. Inner face of the labrum  : b, fringing bristles ; m , insertion of m uscles; h, deep hinge, w ith
insertion of m uscles joining to clypeus.

3. Ventral aspect of the head: l, labrum ; p, palpus; m d, m andible; li, labium ; m x, m axilla; m t,
m entum  ; a, antenna; th, thorax.

4. Ventral aspect of the left m axilla w ith its palpi: ep, external palpus; ip, internal palpus.

5. Inner face of the labium : b, bristles of tongue-groove ; m , insertion of tongue-m uscles; h,
hinge, connecting the labium  w ith the m entum .

6. Longitudinal-vertical section of the head : th, thorax ; c, clypeus ; l, labrum ; m d, m andible;
li, labium ; m m , m uscles of the m andible; m h, m uscles m oving the head on the thorax; o,



oesophagus.

7. Ventral aspect or the right m andible: e, cutting edge ; cd, double-headed pivot or
condyle; m m , insertion of the m uscles.

8. External lateral aspect of the right m andible : h, the hinge; c, the condyle ; 1, 2, direction
of cutting m ovem ent.

From  the Journal of the New York M icroscopical Society, July, 1888.

O f the com m on borers w e m ay nam e a few  of the m ore im portant. The Buprestids and the
related beetles are w ell recognized as am ong the m ost destructive and m ost num erous; a
num ber of species, represented in Fig. 24 by Buprestis Virginica, living in pine tim bers. The
grub of the handsom e Painted C lytus, so com m on am ong the flow ers of the golden-rod,
infests locust-trees, that of the C lytus speciosa is destructive to m aples. Although the
W eevils are usually spoken of as the fruit and grain destroyers, their reputation seem s
equally bad am ong tim bers. O ne of the m ost com m on of beetles, represented by num bers
of species, w e find them  infesting every kind of tree from  bark to heart-w ood, and
especially destructive to felled tim bers. It is to a species of w eevil w e are indebted for the
w orm -eaten appearance presented by old carved-oak furniture. So often, indeed, are these
borings regarded as an evidence of. the antiquity of furniture, that m any European dealers
have been know n to im itate their presence by a charge of fine bird-shot.

FIG . 24. ð  Buprestid.

FIG . 25. ð  Pine-w eevil.

FIG . 26. ð  C lytus.



The large R oebuck beetle, or Horn-bug (Lucanus dam a, Fig. 28), is fortunately at present
rather uncom m on ; the grub attains the size of a m an's thum b after a six years' life spent in
boring forest trees.

FIG . 27. ð  Saw -beetle.

FIG . 28. ð  Horn-bug.

Another large borer is the com m on brow n Saw -Beetle (Prionus unicolor), nam ed from  its
saw -like feelers. It infests pine-trees, and m ay be taken as the type of the destructive saw -
beetle fam ily.

FIG . 29. ð  carpenter-bee.

Besides the beetles nearly every other order of insects has m em bers m ore or less
destructive as borers. Am ong w asps, for exam ple, w e are surely all fam iliar w ith the large
C arpenter - Bee (Xylocarpa Virginica), so com m on about the posts and railings of our
country porches, w hich bores a gallery for its young large enough to adm it a finger.


