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SUMMARY

This paper is a compilation of information relating to 
the characteristics, distribution, and utilization of 
some Alaska woods. A brief description is given of 
Alaska' s timber resources along with a general dis-
cussion of mechanical properties, pulp and paper-
making characteristics, seasoning data, and preserva-
tive treatment of the various woods. Additional infor-
mation also is presented for the specific species of 
western hemlock, mountain hemlock, Sitka spruce, 
white spruce, Alaska-cedar, western redcedar, lodge-
pole pine, paper birch, black cottonwood, balsam pop-
lar, and quaking aspen. 

Summary tables contain data on strength properties, 
pulp processes and yields, and drying schedules. 

COVER: Sitka spruce and western hemlock frame the
natural beauty of Auke Lake and Mendenhall 
Glacier near Juneau.
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The wise utilization of Alaska's tim- ical Properties of Alaska Woods, by 
ber resources and the development of L, J. Markwardt, U.S. Department
wood-using industries are vital fac- of Agriculture Technical Bulletin 226 . 
tors to the economy of the young State. Results of individual research studies 
To stimulate and encourage such ac- conducted at the Forest Products Lab-
tivities requires specific and reliable oratory provided, primarily, the data 
information on the various properties on pulping and papermaking, preserv-
and characteristics of the predominant ative treatment, and seasoning char-
species growing in Alaska. This re- acteristics, In the Appendix, data 
port, based on previously published relating to the mechanical proper-
material from many sources, was ties of the Alaska species are pre-
compiled to provide a convenient ref- sented in tables 1 through 5, infor-
erence on Alaska woods. The princi- mation on pulping and papermaking is 

mation on the mechanical properties, data on seasoning are given in tables 
was "The Distribution and the Mechan- 11 through 14. 

pal source, especially for the infor- contained in tables 6 through 10, and 

1Maintained at Madison, Wis. , in co-
operation with the University of
Wisconsin.
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Characteristics Of Alaska Woods 

INTRODUCTION



The Alaska forests are of two distinct 
kinds, the coastal forests and the in-
terior forests. Because of its higher
density of stand and its accessibility,
the coastal type, as found in the na-
tional forests, is of the greater com-
mercial importance, and is the prin-
cipal source of material under con-
sideration in this report. 

The Chugach and Tongass National 
Forests are under the administration 
of the Forest Service, U.S. Depart-
ment of Agriculture. Most national-
forest business is handled locally by 
resident officers, The chief admin-
istrative officer is the regional for-
ester who is headquartered at Juneau.

ALASKA FOREST TYPES 

The remaining forest -covered land, 
largely the interior forest, is admin-
istered by the Bureau of Land Man-
agement and the State of Alaska. 

Coastal Forests 

The coastal forests of southern Alaska 
form a part of the coniferous forest 
type that occupies a belt, usually less 
than 50 miles wide, along the shore 
line of the Pacific Northwest from 
southern Oregon to the northern tip 
of Kodiak Island. In Alaska, this 
coastal forest is predominantly a
mixed stand of western hemlock and 
Sitka spruce, with a small percentage 
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of Alaska-cedar, and western redce-
dar in some localities (fig. 1). The 
forest here is almost tropical in den-
sity. The main cover is western hem-
lock with some cedar. This is over-
topped by scattered trees of the more 
light-demanding spruce, while under-
neath is a second story of somewhat 
suppressed saplings of the more 
shade-resistant hemlock and cedar. 
At a still lower level are great clumps 
of blueberry, false azalea, the devils-
club, and other woody shrubs. Fallen 
timber, which decays slowly in this 
region, is abundant, and the ground 
surface is usually coveredwith a car-
pet of moss. The ground surface is
rough, for the top soil is relatively
shallow and bedrock is exposedin
many places. 

The forest occurs as a relatively nar- 
row ribbon or band along the sinuous 
coastline of the mainland and the hun-
dreds of islands, and extends from 
the edge of tidewater to an elevation 
varying from approximately 1 , 000 feet
in the more northerly and westerly 
sections of the region to 2,000 and
3,000 feet in southeastern Alaska. Be-
cause of the mountainous character of 
the country, the entire area of tree 
growth is usually within sight of tide-
water and rarely extends more than 
5 or 6 miles inland, Three-fourths
of the commercial timber by present 
standards is estimated to be within 
2-1/2 miles of the coastline, 



Tongass National Forest 

Includedinthe Tongass National For-
est is 70 percent of the area and most 
of the commercial timberlands of 
southeastern Alaska,, Because of the 
elaborate system of sea channels in 
this area, the timber is more acces-
sible than that in the more northerly 
and westerly sections of coastal 
Alaska.

Of the 16,073,000 acres that make up 
the Tongass National Forest, some 
10 million acres is within the altitu-
dinal limits of tree growth. Approx-
imately 4 million acres carries tim-
ber of present commercial quality; 
another 1 million acres has timber 
of marginal quality; and still another 
1 millionacres has timber of such low 
quality that it is wholly disregarded 

in all timber -management planning, 
The remaining 4 million acres within 
the limits of the timbered zone is bar-
ren rock or is covered with muskeg, 
brush, or icefields. 

As part of the coastal forest area, the 
Tongass Forest consists of a mixture 
of 73 percent hemlock and 21 percent 
spruce with scattered small stands of 
western redcedar and Alaska-cedar,
totaling about 3 percent for each 
species ( 37 ). Mature hemlock trees 
average between 3 and 4 feet in diam-
eter, are usually quite clean boled and
well formed, and are sound until ma-
turity is reached. After maturity, 
dead tops and butt rot develop rapidly. 
Sitka spruce, on the other hand, is a 
larger tree than the hemlock, reaching
at maturity an average diameter of 5
to 6 feet.

Figure 1.--Timbered slopes of South Tongass National Forest containing western hemlock and 
Sitka spruce interspersed with western redcedar. 
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Chugach National Forest

The northern section of the coastal 
forest includes the important timbered 
areas extending from the Prince 
William Sound region to Cook Inlet. 
Practically all of the merchantable 
timber in this sectionis included with-
in the Chugach National Forest. This 
forest also includes a small amount 
of the type of timber found in the in-
terior of Alaska as represented by 
white spruce and Alaska paper birch, 
which reaches tidewater at the head 
of Cook Inlet. The forest is quite sim-
ilar to that of southeastern Alaska, 
except that no redcedar is found, some 
additional species are present, and 
the trees are smaller and on the whole 
contain less clear lumber. 

The principal species in the Chugach 
National Forest occur in the following 
percentages: Western hemlock, 65 
percent; Sitka spruce, 22 percent; 
white spruce, 11 percent; cottonwood, 
1 percent; and Alaska paper birch, 1 
percent ( 37 ). Some mountain hemlock 
also is to be found. The total stand of 
commercial timber on the 4.8 million 
acres of the Chugach Forest is esti-
mated at approximately 6.3 billion 
board feet. 

Interior Forests

The interior forests are the westward 
extension of the subarctic type found 
throughout northern Canada. They are 
found in extensive stands on the low 
valley benchlands and as narrow belts 
of timber along all of the stream 

courses. These forested areas are 
moderately to heavily interspersed 
with wet muskeg areas, lakes and 
ponds of varying sizes. Timberline 
lies generallybetween 1,500 and 2,000 
feet, with occasional instances of 
3,000 feet and many less than 600 feet. 
Extensive stands of spruce timber are 
found north of the Arctic Circle, on 
the south slopes of the Endicott Moun-
tains.

About 35 percent of Interior Alaska's 
total land area is forested. Of the 120 
million acres of forest land, about 40 
million acres, or 33 percent of the 
forested area and 12 percent of the 
total land area, might be classed as 
commercial forest land. This com-
mercial forest land supports an esti-
mated 32 billion cubic feet of timber, 
including 180 billionboard feet of saw-
timber, with an estimated annual net 
growth of about 4 billion board feet. 
About 95 percent of the commercial 
forest land is in public ownership. 

Three forest species dominate the in-
terior stands; white spruce ( Picea 
glauca ) , aspen ( Populus tremuloides ), 
and paperbirch ( Betula papyrifera ), 
and its Alaska varieties. The spruce-
birch forest is found throughout the 
interior and is believed to be the cli-
max type on the well-drained soils of 
the lower benchlands and valley bot-
toms. Immature birch is often found 
in pure stands but upon nearing matu-
rity there is usually an advent of white 
spruce (fig. 2). Pure spruce stands, 
however, are found throughout Alaska 
and are found at the limits of tree 
growth in latitude , longitude , and alti- 
tude.
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be so excessively expensive as to pro-
hibit normal development *
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Figure 2. --Paper birch with some white spruce
understory typical of Alaska's interior forests.

Over extensive areas, the spruce will 
probably average6 to 8 inches in di-
ameter (at breast height). Many large 
areas, however, have spruce averag-
ing 12 to 16 inches with 24 to 32 inches 
not uncommon. Average height of the 
spruce to a 6-inch top is 40 feet over 
much of Interior Alaska, with the bet-
ter stands attaining 70 to 75 feet. The 
spruce has a rapid taper, is usually 
limby nearly to the ground, is rela-
tively free of fungus and disease and 
produces little clear lumber. White 
spruce, although producing low grades 
of lumber, is the most important com-
mercial species in the interior, pri-
marily because it is growing where 
needed for consumption. This is highly 
important in a land with few transpor-
tation routes and high freight costs, 
for importing lumber products would 

The birch in mixed stands is usually 
small (5 to 7 inches in diameter), of
poor form, and highly defective. In 
the better, more nearly pure stands, 
the birch averages 10 to 13 inches in 
diameter, is columnar in form and 
may average 50 feet to a 6-inch top. 
Immature birch is usually healthy, 
but it quickly deteriorates upon reach-
ing maturity. The birch of Alaska, 
though little used to date, has a high 
potential export value both as veneer 
stock and as lumber, flooring, pan-
eling, trim, and other allied uses. 

Black cottonwood and balsam poplar 
are found along stream banks and on 
bottom lands subject to flooding. The 
cottonwood is mostly commonly found 
south of the Alaska Range and the pop-
lar in the Yukon Valley, but admix-
tures are frequent. These trees vary 
greatly in size, but at maturity may 
average 30 to 40 inches in diameter, 
with heights to an 8-inch top of 80 feet. 
Little commercialuse has been made 
of these species to date. The related 
aspen is found throughout the interior. 

It is a typical cover crop after a fire. 
Itmatures rapidly, attains sizes of 7 
to 9 inches in diameter and has at 
present but a limited utilization. 

Black spruce and tamarack are found 
on the cold, poorly drained muskeg 
areas. Both species average 3 to 5 
inches in diameter and seldom exceed 
6 to 8 inches. Neither species is used 
extensively and is of comparatively 
little importance. 
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PULP AND PAPERMAKING CHARACTERISTICS

At present, the two pulp mills in 
Alaska, ( 38 ) both locatedinthe south-
eastern coastal areas, produce sulfite 
dissolving pulp from the two major 
wood species in the coastal forests-- 
western hemlock and sitka spruce. In 
additionto the hemlock and spruce in 
the coastal forests, however, several 
minor species, mountain hemlock, 
western redcedar , Alaska-cedar , 
lodgepole pine, and black cottonwood, 
are suitable for pulp and paper. The 
interior forests, generally referred 

2
to as the spruce-birch forests, are 
made up mainly of white spruce, paper 
birch and its varieties, balsam poplar, 
and quaking aspen. All of these species 
produce good pulp and are potentially 
capable of supporting a pulping opera -
tion (fig. 3). 

Most of the literature on the pulpwoods 
common to Alaska concerns work done 
on like species grown in Oregon, 
Washington, other northern States, 
and Canada. 

Underlined numbers in parentheses 
refer to references listed at the end 
of this paper. 

2
The timber quality of Alaska' s hem-
lock-spruce forests i s generally con-
sidered poorer than the forests of

Figure 3.--Western hemlock and Sitka spruce logs produce alpha-cellulose dissolving pulp in 
Alaska pulp mills. 
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Oregon and Washington, because trees cedar, Alaska-cedar,
tend to be shorter and produce lower lock, and lodge pole pine. The only 
grade logs best used for pulpwood. softwood of pulpwoodquality in the in-
On the other hand, both commercial terior forests is 

mountain hem- 

the white spruce. 
practice and experimental work have 

spruce, when processed for pulp, are 
equivalent to the same species grown 
in Oregon and Washington ( 35 ). 

Practical experience and experimen-
tation have proved that mixed species 
can produce good pulp whether the 
mixture is exclusively of softwoods 
or hardwoods, or in combination-a
fact that should be kept in mind when 
considering the availability of raw 
material for pulp and paper produc-
tion. Cooking hardwoods with soft-
woods is not an uncommonpractice. 
The properties of the finished paper 
can often be controlled by the quantity 
of any one species in the mixture. 

The pulp industry has at least one 
competitive advantage in that it can 
use logging, sawmill, andveneer mill 
residues as sources of raw material. 
Studies ( 26 , 33 ) have shown that pulps 
produced from sawmill chips when 
free from mechanical, thermal, bio-
logical damage anddeterioration are 
generally consideredas good or better 
than pulp made from round logs. 

shown that western hemlock and Sitka In general, western softwoods have 
good fiber length (table 6), which con-
tribute s to good pulp strength, partic-
ularly tearing resistance, but makes 
papers somewhat more bulky and po-
rous, which may or may not be an ad-
vantage, depending on the grade of 
paper and its use. There is a tend-
ency for western softwoods to be more 
resistant to refining treatments and 
to fibrillate more than pulps from 
other regions. With proper refining, 
these pulps are known for their ex-
cellent strength (35). 

Wood Pulp from Hardwood Species 

In the coastal regions, black cotton-
wood is suitable for pulpwood, while 
available from the interior forests are 
paper birch and its varieties, quaking 
aspen, and balsam poplar. 

Hardwoods have shorter fibers than 
softwoods. They differ chemically 
from softwoods (table 7) by higher 
pentosans and other hemicelluloses, 
frequently lower lignin contents, and 
often high alpha cellulose contents. 
The extractives contain more gums 

Wood Pulp from Softwood Species and waxes, whereas the extractives 
from softwoods contain more oleores-
ins and terpenes ( 35 ). 

The softwoods of the coastal regions 
that are suitable for pulping include 
western hemlock, Sitka spruce, and Hardwoods are generally considered 
minor species, such as western red- more dense than softwoods, but this 
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is not true of all hardwood pulpwoods, 
especially the poplars ( Populus spp.). 

Hardwoods canbe handledin mixtures 
and in mixtures with softwoods, but 
facilities for separate handling are de-
sirable to permit optimum processing 
conditions to obtain uniformity of prod-
uct. Separate handling, however, is 
not oftenpossible in present day mill 
practice ( 35 ). 

Hardwoods are pulped by traditional 
pulping processes, but are more ver-
satile than most softwoods in that the 
semichemical and the chemimechani- 
cal processes, such as chemiground-
wood and cold soda, produce good pulps 
from many species. These pulps are 
generally suitable for a wide variety 
of products from bright papers to 
various types of boards. 

SEASONING CHARACTERISTICS 

The seasoning information in this re-
port is based on a general knowledge 
of the seasoning of wood, together 
with available data on Alaska woods 
and more extensive data on the same 
or very closely related woods grown 
in the other states. Generally, the 
seasoning characteristics of any wood 
do not vary with geographical location, 
Major differences are related to dif-
ferences in the quality of the growing 
site, particularly soil moisture. The 
extreme range of climate in Alaska, 
however, will affect the rate of air 
drying. Extremely low temperature 
or very high humidity tends todecrease 
the drying rate. 

Since drying is an operation that should 
be started as soon as possible after 
sawing and often requires greater-
than-average care to produce best re-
sults, some suggestions on drying 
procedures and kiln schedules are in-
cluded in this report. 

Lumber can be dried to a low final 
moisture content by kiln drying direct-
ly from the saw or by air drying, fol-
lowed by kiln drying or drying in a 
heated room. Thorough air drying 
will make the lumber dry enough for 
shipment or for exterior uses but not 
dry enough for use in heated buildings. 
For faster and better quality drying, 
a dry kiln should be used. By close 
control of drying conditions, shrink-
age defects canbe prevented and dry-
ing stresses relieved so the lumber 
will not warp when resawed or ma-
chined to smaller sizes or irregular 
shapes. The Dry Kiln Operator's 
Manual ( 32 ) contains generalinforma-
tion on shrinkage and, other properties
of wood related to drying. 

To facilitate seasoning, the material 
generally should be sawed into lum-
ber or flitches slightly thicker than 
the size that will be used for the end 
purpose, because there is considera-
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Figure 4. --Essential features in piling Alaska woods for rapid and uniform air drying, 

bly less danger of developing checks 
and honeycomb in thin stock than in 
thick stock. Very thin stock, how-
ever, must be piled with stickers 
closely spaced and the pile weighted 
down to control warping. 

Air Drying 

Air drying is a comparatively simple 
process, but careful attention should 
be paid to the details of piling to ob-
tain fastest drying and avoid damage 
to the lumber. Essential features of 
handpiling lumber for rapid and uni-
form air seasoning are illustrated in 
figure 4. The pile foundation should 
be well constructed and sufficiently 
high to keep the lumber well off the 
ground. The stickers should be made 
of dry material and perfectly alined 
above the foundation supports in tiers 
that pitch forward at the same angle 

as the front of the pile. 

Only a portion of each year is consid-
ered to be an active drying period. The 
character of the weather conditions 
during this period is considerably less 
favorable for drying in Alaska than in 
the other States, and the length much 
shorter. Thus, to take best advantage 
of the goodweather, considerable at-
tention should be given to laying out 
the air -drying yard with ample lateral 
space between piles and rows of piles, 
and with the alleys or roadways and 
lateralspaces at right angles to each 
other and in good alinement across the 
whole yard ( 30 ). 

A considerable difference in air -dry-
ing rates exists between Interior 
Alaska and the coastal region. While 
the active drying period in the coastal 
region extends from about the first of 
May to the end of August, the relative 
humidity and equilibrium moisture con-
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tent of wood are SO high that very wet 
1-inch lumber of the coastal species 
may not dry to 25 percent moisture 
contentor less in one drying seasono

Piling the lumber openly and as far a-
way from or above the water as possi-
ble should be helpful, The lumber will 
not dry much between the first of Oc-
tober and May 1 , In the interior, the 
active drying period is from about Kiln drying, a complex process that 
June 1 to August 30, but moderate requires considerable skill and equip-
drying will occur between May 1 and ment, is thoroughly explained in the 
October 1 The humidity is lower and Dry Kiln operator' s Manual ( 32 ). For 
the drying faster in this region, so convenience, an abbreviated set of 
that 1-inch lumber of species growing kiln schedules and an index of suggest-
there probably will dry to 25 percent ed schedules for Alaska woods are 
moisture content or less in one ac- given in tables 11, 12, and 13. Table 
tive season. Weathertight covers are 14 illustrates how the separate dry-
desirable on top of each pile or a shed bulb temperature and wet-bulb de-
roof may be installed over the entire pression schedules are assembled 
drying area. with a few examples for some of the 

more common Alaska woods. Since 
In areas where relative humidity is these schedules are not based on ex-
high, it may be advantageous to use perience withthe species as they are 
the method known as end racking for grown in Alaska, the kiln operator 
rapid surface drying of the boards. A should proceedwith caution, The dry-
sturdy ridge-pole type of support is bulb temperature schedules are ex-
used, The boards are leaned on edge pected to be reasonably satisfactory, 
against the ridge pole, crossing each but the operator may wish to adjust 
other at the top. The lower end of the the stage at which he makes the first 
boards should be supported at least 6 change in wet-bulb depression in ac-
inches above the ground by hewed cordance withthe greenmoisture con-
poles, timbers, or boards on blocks. tent of the wood. This first change 
Lumber that is likely to warp should should be made when about one-third
be taken from such end racks and flat of the total moisture content of the 
piled before warping starts, wood has been dried out. Thus, for 

woods that have a green moisture con-
At mills where forklift trucks are tent of 100 percent or over, the F wet-
available for handling the lumber, bulb depression schedules would be 
sticker guides shouldbe used to build used, For those that have a green
the packages at ground level, Sturdy moisture content of 60 to 70 percent, 
pile supports shouldbe used under all the C schedules would be used, Kiln 
tiers of stickers, Bolsters between schedules for some of the woods are 
packages should be perfectly alined recommended by the Canadian Forest 
above the stickers. For such package Products Laboratories ( 18 ). 

handling, the piles a r e usually built
with no slope o r pitch, but it is ad-
vantageous to use panel roofs on top
of the top packages in the pile ( 30 ). 
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The final moisture content to which 
wood is dried depends upon the tem-
perature and the humidity of the air to 
which it will be exposed during fabri- Living trees contain tremendous 
cation and use. Wood will lose mois- 
ture to, or take up moisture from, 
the surrounding air until its moisture 
content reaches equilibrium. Charts fore the wood is cut to final size or 
showing the relationship between tem-
perature, relative humidity, and e- removal of the water, chemical changes 
quilibrium moisture content (E.M.C.) 
are contained in the Dry Kiln Opera-
tor's Manual ( 32 ). Lumber for manu- can attack the wood, or shrinkage 
facture into furniture and flooring for can cause such defects as checking and 
most parts of the United States is gen-
erally dried to an average moisture sometimes occur in the drying of 
content between 6 and 8 percent. In Alaska woods are described below. 
Alaska these values probably should 
be 5 to 6 percent, provided the inte-
riors are considerably sheltered from 
high-humidity summer air. This is be- Extractives in wood undergo chemical 
cause heating coldwinter air to 65°F. 
or higher greatly reduces relative discolorations--or chemical stains, 
humidity and E.M.C. Where average as they are generally called. If pitch 
outdoor temperatureis around 30°F., fails to harden or set during drying, 
the interior E.M.C. is lowered to 
about 5 percent even though outdoor products to which sealers, varnishes, 
relative humidity may be 95 percent. 
Where the outdoor temperature is 
0°F. and relative humidity 7 5 percent 
or lower, the interior E.M.C. goes Brown stain is a chemical stain that 
down to 2 percent. occurs in many softwoods, particular-

ly western hemlock. Its color varies
from light to very dark brown. While

all of the water must be removed be- 

manufactured into a product. During 

can cause undesirable changes in col- 
o r , insects or stain and decay funti 

In areas where there is considerable 
exposure to such humid conditions, 
the higher average of 8 percent may cutting the logs into lumber as soon 
be advisable. How to determine the as possible after the tree is felled; 
moisture content of wood by the oven- (2) drying the lumber without delay; 
drying method or by electrical mois- and (3) using an initial dry-bulb temp- 
ture meter and to test the wood for peraqture that does not exceed 130°F., 
presence of residual drying stresses with a relative humidity as low as the 
or casehardening are described in the 
Dry Kiln Operators's Manual. 
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surface and end checking, and a wet- 
stock will tolerate without excessive 

can be reduced considerably by (1) 
does not impair strength. The stain 
it affects appearance of the wood, it 

trouble may result, particularly with 

and paints are applied. 

changes during drying that may cause 

warping. A number of defects that can 

used to its greatest advantage, almostr 
amounts of water. If wood is to be 

Drying Character is t ics  



bulb temperature that does not exceed 
120° F. throughout the drying. 

Sticker marking is discoloration that 
may occur on and beneath the surface 
of the board under the sticker or ap- and these temperatures should be 
pear as narrow, dark streaks on the 
surface at the edges of thesticker, if collapse occurs. 
Sometimes it can be removed by sur-
facing or sanding. No means of pre- Splitting and checking are lengthwise 
venting the discoloration is known, separations of the wood. End checks 
but certain seasoning procedures will generally
lessen it. These include the use of end-grain surfaces. They also occur 
dry, narrow stickers or of grooved inthe initial stage of drying, and can 
stickers to reduce the contact area, berninimieed by using a higher rela-
and starting the drying of the green tive humidity. End splits usually re-
lumber as soon as possible. sult from the extension of end checks. 

Blue stain and incipient decay caused A boxed-heart split results when the 
by fungi have sometimes been prob- pith falls entirely withinthe four faces 
lems in bulk shipment of green lum- of a piece of wood anywherein its 
ber or during air seasoning in warm length and the difference between tan-
climates elsewhere in the United gential and radialshrinkage of the 
States. If they develop in Alaskan wood surrounding the pith causes such 
operations, relatively cheap, highly severe stresses in the faces that the 
effective chemicals are available for wood is split. It is virtually impos-
their control. Two such chemicals sible to prevent this condition. 
are sodium pentachlorophenate and a 
combinationof borax and sodium pen- Ring failure occurs parallel to the 
tachlorophenate. If stain or decay annual ring either within the ring or 
organisms have infected green wood between rings. In appearance it is 
during storage or air drying, the tem- similar to shake, which takes place 
peratures normally used at the start in standing trees or in trees when they 
of kiln drying are usually high enough are felled. Ring failure can be kept 
to stop their growth. A temperature to a minimum by end coating stock and 
of 110° F. stops the growth of these by using higher initialrelative humid-
organisms and 150° F. will kill major ities and low dry-bulb temperature 
wood-destroying fungi in green wood schedules. 
in 75 minutes. 

it often shows up as grooves or cor- 
rugations on the wood surfaces. This 
defect is generally associated with 
excessively high dry-bulb tempera- 
tures in the early stages of drying, 

lowered on subsequent kiln charges 

occur in the wood rays on. 

Honeycomb is aninternal void caused 
by tensile failure across the grain, 
and it usually occurs in the wood rays , 
It is produced by the use of excessive-
ly high temperatures for too long a 

Collapse is a severe distortion or flat-
tening of wood cells. A slight amount 
of this defect may be difficult, if not 
impossible, todetect. When severe, 
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time while free water is still present 
in the cell cavities. Honeycombing 
can be held to a minimum by avoiding 
excessively high dry-bulb tempera- 
tures until all the free water has been 
evaporated from the piece. 

Warping is the distortion in shape and 
form caused by differences in radial, 
tangential, and longitudinal shrinkage 
of wood as it dries. Warping is also 
aggravated by irregular or distorted 
grain and the presence of abnormal 
types of wood. Various types of warp 
are cup, bow, crook, and twist. Cup 
is a distortion of a board in which 
there is a deviation flatwise from a 
straight line across the width of the 
board. It is caused by greater shrink-
age parallel to than across the annual 
rings. A flat-sawed board cut near 
the barktends to cup less than a sim-
ilar board cut near the pith. The thin-
ner the lumber, the greater is its 
tendency to cup. The best method to 
control cup is by good piling or stack-
ing practices. 

Bow is a deviation flatwise from a 
straight line drawn from end to end 
of a board. This characteristic is
associated with longitudinal shrink- 
age in wood adjacent to the pith of the 
tree, compression or tension wood 
that occurs inleaning trees, and cross 
grain in wood. It can be controlled 
by the same procedures used to di-
mini sh cupping. 

Crook is a deviation edgewise from a 
straight line drawn from end to end of 
aboard. The causes of crook are the 
same as those for bow. It is more 
difficult to prevent than cup or bow. 

Twist is the turning or winding of the 
edges of a board so that the four cor-
ners of any face are no longer in the 
same plane, It occurs in wood con-
taining spiral, wavy, diagonal, dis-
torted, or interlocked grain. Lumber 
containing these grain characteristics 
can sometimes be dried reasonably 
flat by using proper piling procedures. 
Checked knots are often considered 
defects. The checks appear on the 
end grain of knots in the wood rays, 
They are the result of differences in 
shrinkage parallel to and across the 
annual rings within the knots. They 
occur in the initial stages of drying 
and are aggravated by using too low a 
relative humidity. Knot checking can 
be controlledby using higher relative 
humidities and by drying to a higher 
moisture content, but is almost im-
possible to prevent. 

Encased knots invariably loosen dur- 
ing drying. This is due to the fact 
that they are not grown to the sur-
rounding wood, but are held in place 
only by bark and pitch. They shrink 
considerably in both directions of the 
face of the lumber, whereas the board 
shrinks considerably inwidthbut very 
little in length. Consequently, the 
dried knot is smaller than the knot-
hole, and frequently falls out of the 
lumber during handling and machin-
ing. Nothing can be done, however, 
to prevent the loosening of dead knots 
during drying 

Casehardening is the inevitable re-
sult of the drying stresses associated 
with shrinkage--the stresses persist-
ing when the wood is uniformly dry. 
Whether or not it is considered to be 
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a defect depends on the final use of the 
dried material. Casehardened lum-
ber may cup or distort if resawed or 
machined unevenly. Ripsawing may 
result in crook. Casehardening can 
be relieved in a compartment -type dry 
kiln by a conditioning treatment. 

All of the spruces, pines, Douglas-
fir, andwestern larch have resin ca-
nals or pockets. As these woods dry, 
some of the volatile substances in the 
pitch evaporate, causing it to harden 
somewhat. If the pitch is not hardened 
sufficiently, it will ooze or bleed to 
the surface of the wood during use. 
Pitch can be thoroughly set by using 
a temperature of 160° F. or higher. 

Some species of wood contain zones of 
unusually high moisture content, 

commonly called water pockets. This 
water moves out very slowly during 
the drying process, Woods such as 
western hemlock and true firs fre-
quently contain water pockets. 

Lumber manufacturers and kiln oper-
ators must be especially alert to over-
come the following drying defects, 

Alaska -cedar- -failure to set re-
sin.

Western redcedar --collapse and 
honeycomb, particularly in 
sinker stock. 

Western hemlock--water pockets; 
chemical stain. 

Aspen--collapse in "fwet wood;" 
water pocket. 

Paper birch--end checks, brown-
ish chemical stain. 

TREATING WITH PRESERVATIVES

Until the establishment of a commer- ern and mountain hemlock, Sitka 
cial wood preserving plant in Whitti- spruce, Alaska-cedar, white spruce,
er, Alaska, in 1961, treated prod- paperbirches, and cottonwood to ob-
ucts, such as crosst ies, poles, pil- tain preservative retentions and pene-
ing, and construction timbers, were trat ions approaching those of mini-
mostly of Douglas-fir and western mum requirements of recognized
hemlock produced in Oregon and standards for ties, poles, piling, and 
Washington. There has therefore construction timbers. As in the case
been limited commercial experience of similar species, incising may be
in the treatment of Alaska woods. necessary to meet preservative pene-
This limited experience, along with tration requirements, particularly 
that in treating similar o r related with ties and sawed timbers with
species from the States far ther south, heartwood faces. Western redcedar
indicates that it should be possible, is very resistant to penetration and is
with careful conditioning and treat- seldom treated except in the round
ment of such Alaska species as west- form for which incising is required.
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Graham and Miller ( 13 ) have reported 
on the importance of seasoning of 
round western hemlock and indicate 
drying to anaverage moisture content 
below 30 percent to obtain adequate re-
tentions and penetrations. Conners 
and Bramhall ( 8 ) have shown erratic 
penetrations following conditioning by 
Boultonizing of round green western 
hemlock poles and the need for long 
pressure periods, also the tendency 
of the wood to collapse under a pres-
sure of 150 pounds per square inch. 

A study at the Forest Products Labo-
ratory on the pressure treatment of 
kiln-dried western hemlock 2- by 6-
inch lumber showed higher retentions 
and more uniform penetration of pre-
servative than that obtained in Pacific 
Coast type Douglas-fir treated in the 
same charge. In treating pieces 3.5 
by 4.5 by 48 inches cut from air -sea-
soned ties with a preservative oil, 
Graham ( 12 ) reported deep penetra-
tions in unincised western hemlock 

DESCRIPTION

A general description of the charac-
teristics, properties, uses, and range 
(fig. 5) of several of the Alaska spe-
cies is presented. In referring to the 

properties, a graduated set of de-
scriptive terms, each corresponding 
to a certain numerical range of the 
property under consideration, is used 
to permit a more accurate evaluation 
of the property, and to afford a uni-

various physical and mechanical 

with high retentions of 20 to 30 pounds 
per cubic foot but incising necessary 
with lower retentions; irregular pene-
tration in incised and unincised moun-
tain hemlock; and penetration in Sitka 
spruce limitedmostly to summerwood 
bands with improvement in penetra-
tion and retention on incised materi-
al. Although the preservative pene-
trations are not known, cottonwood 
treated with 8 pounds and western 
hemlock with 6.75 pounds of creo-
sote-coal tar solution per cubic foot 
have shown an average life of 37 years 
and 30 years in the Northern Pacific 
Railroad test tracks in Montana, and 
birch ties treated with 7 pounds of 
creosote petroleum solution have 
shown an average life of 50 years ( 11 ). 

Limited evidence has indicated un-
treated ties in Alaska to perform a-
bout as follows: Mountain hemlock, 
11 to 12 years; Douglas-fir, 10 to 11 
years; western hemlock, 9 to 10 
years; Sitka spruce and white spruce,
6 to 7 years. 

OF SPECIES

form basis of comparison between 
species, These terms are used in 
connection with the following prop,-
erties: Weight, strength in bending 
and compression, stiffness, hard-
ness, shock resistance, and shrink -
age, Descriptive terms are also 
given for ease of kiln drying, ability 
to stay in place, workability, nail-
holding ability, ease of gluing, and 
resistance to decay, although for 
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densis (L.) Carr.), but differs from 
it in appearance, ingrowth character-
istics, and to a lesser extent, in its 
mechanical properties. The general 
color of the wood is a pale reddish 
brown, with the sapwood very similar 
and generally not easily distinguish-
able from the heartwood when dry. 
The summerwood bands, although 
marked, do not contrast decidedly 
with the lighter-colored springwood. 
The contrast is less pronounced than 
in Douglas-fir and southern pine, but 
more so than in Sitka spruce and 
northern white pine. The grain is 
quite distinctive, and it is highly re-
garded for interior finish and decora-
tion. The wood has a moderately fine 
and moderately even texture and is 
normally nonresinous, a factor of 
importance for certain kinds of 
boxes. It has a sour odor when green, 
but is odorless and tasteless when 
dry. Theannual growth rings are u-
sually comparatively uniform in 
width. Western hemlock from Alaska, 
however, appears to have a somewhat 
slower average growth than that from 
Washington and Oregon, and to the ex-
tent that this is true the Alaska-grown
material should exhibit a more even 
texture.

these properties sufficiently complete 
information is not available on most
species to permit as accurate a clas-
sification as is desired. 

The complete set of terms for the a-
bove properties, applicable to all 
species, is presented in table 1. An
examination of this table will give a 
background for appraising the rela-
tionship of each term to that of the 
others. The index figures in column 
1 of table 1 are suggested as a number-
ical scale for expressing the degree to 
which a species possesses each of the 
various properties, and thus might be 
employedin lieu of the corresponding 
descriptive term. In the species de-
scriptions which follow, however, 
only the descriptive terms are used. 
The classification limits given in ta-
ble l apply to specific gravity only, 
although other classification limits 
have been set up and used for shrink-
age and the mechanical properties. 

WESTERN HEMLOCK ( Tsuga 

heterophylla (Raf . ) Sarg.)

Western hemlock is also known as
west coast hemlock and Pacific hem-
lock.

General Description

Western hemlock is related botani-
cally to eastern hemlock ( Tsuga cana-

Distribution and Growth

Western hemlock grows in the Pacific 
Coast region of North America from 
southern Alaska to northern Califor-
nia and western Montana. In Alaska 
the stands of mature trees of about 
200 to 250 years in age range from 
2 to 4 feet in diameter and are about 
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150 feet inheight. The tree has a long 
slender bole, and a short narrow 
crown. The trees are clear of limbs 
well to the top. Theyarecommonly 
sound when young, but when mature 
and overmature at diameters of 3 to 
3-1/2 feet, heart rot is very preva-
lent; many of these old overmature 
trees are so defective as to be classed 
as unmerchantable. The stands vary 
from almost pure to admixtures of 
Sitka spruce, western redcedar, 
and Alaska -cedar. Western hemlock 
is the most prevalent species in the 
mature and overmature forests of 
southeast Alaska (fig. 6). It repro-
duces prolifically, grows well on a 
variety of soils, and is very tolerant 
of shade. In Alaska, hemlock trees 
on the poorest sites and occuring as 
scattered trees in pure spruce stands 
frequently have deeply fluted lower 
trunks. The lumber from these fluted 

trunks often contains many large bark 
pockets and decay spots. In the com-
mercial forests as a whole, however, 
fluting is not considered an important 
factor.

Properties

The wood of western hemlock is mod-
erately light in weight, moderately 
weak in bending and compression, 
moderately stiff, moderately hard, 
moderately low in shock resistance, 
and has a moderately large shrink-
age. Although not so strong as Doug-
las-fir, westernhemlock can be used 
for many of the purposes for which 
Douglas-fir is employed. Western 
hemlockis estimated to rank as mod-
erate in ease of kiln drying, moderate 
in ability to stay in place, moderate 
innail-holding ability, and is less in-
clined to split in nailing than is Doug-
las-fir. It is very easy to glue, and 
very low in resistance to decay, being 
comparable with spruce in most situ-
ations * Western hemlock take s paint 
satisfactorily, and in this respect is 
about equal to eastern hemlock and 
the spruces. 

Figure 6. --Mature stand of western hemlock 
and Sitka spruce. 

M 122 751 

Moderate in workability, western 
hemlockworks readily in all hand and 
machine operations and has little dull-
ing effect on cutting edges, The rela-
tive softness of the springwood re-
quires the use of sharp tools for clean 
cutting, and in end-grain working, for 
example scribing and mortising, the 
material must be properly supported 
at the tool exit to obviate chipping out.
There is a tendency to chipbruising in 
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The various kinds of papers made 
from these pulps are listed in table 8. 

planing and for the best finish, the 
waste removal system must be effi-
cient and the cutters should be honed 
free from wire edge. 

Pulping and Papermaking

Western hemlock, which accounts for 
about73 percent of the softwood spe-
cies growing in the coastal forests, is 
one of the best pulpwoods for overall 
quality; it is nonresinous, and has 
good density and fiber length. The 
woodcanbe pulped by almost any pro-
cess, and it produces good yields of 
chemical pulp. Typical values for 
fiber length, density, and yields of 
chemical pulps appear in table 6. 

When pulped by the sulfite or kraft 
processeso western hemlock reduces 
readily and gives normal yields . The 
pulps are dark and slightly red in col-
or, but offer no resistance to bleach-
ing, The pulps have good strength, 
particularly tearing resistance, and 
are wellbalanced as to burst and tear 
( 35 ). This species is one of the prin-
cipal pulpwoods for the production of 
dissolving pulp in Alaska. 

For groundwood pulp, western hem-
lock reduces readily to yields of about 
87 percent and requires about 10 to 15 
percentmore power than spruce, The 
pulp has fair color and is of standard 
strength. The groundwood pulps, 
however, tend to discolor easily in 
contact with iron because of the pre-
sence of tannins ( 36 ), but they are 
readily bleached for use in papers re-
quiring brighter pulps, 

Seasoning

Western hemlock is generally not a 
difficult wood to dry, except greater 
care and longer times are required 
for sinker stock. Little information 
is available on drying the related spe-
cies, mountain hemlock, but the bet-
ter quality material from lower ele-
vations may dry about the same as 
this species. These woods probably 
would air dry faster than the cedars 
in good air drying locations during 
the active air -drying period. 

Recommended kiln drying schedules 
use initial dry-bulb temperatures of 
150° and 160° F. and wet-bulb depres-
tions of 7° to 10° F. The Canadian 
Laboratories recommend about the 
same temperatures and wet-bulb de-
pressions, except a 17° F. depres-
sion is recommended for 4/4 and 5/4 
box and commons. No special sched-
ules are suggested for sinker stock, 
but best results should be obtained by 
sorting it out and either air-drying
first or kiln drying separately on the 
same schedule as recommended for 
regular stock. Even if such methods 
are used, water pockets may result 
in wet spots, remaining in the lumber 
if final drying is not continued long 
enough. Estimated drying time can 
vary from 2 to 10 days, depending 
upon the thickness and final moisture 
content sought. 

Western hemlock is subject to occa-
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sional brown stain. Care should be 
taken to start kiln drying within 3 days 
of sawing or to pile the material for 
rapid air drying if kiln drying is not 
immediately available. 

Principal Uses

The most important uses ofwestern 
hemlock include lumber for general 
construction, railway ties (treated), 
pulp for paper and paperboard, dis-
solving pulp for the manufacture of 
such products as rayon, enameled 
furniture, broom handles, poles and 
cross arms (treated), marine piling 
(treated), interior finish, boxes and 
crates, kitchen cabinets, and flooring 
and ceiling (decking), Veneer cut 
from western hemlock logs is also 
used to make plywood. 

MOUNTAIN HEMLOCK ( Tsuga 

mertensiana (Bong.) C a r r . )

Mountain hemlock is also known as 
black hemlock. 

General Description 

Mountain hemlock is a near relative 
of western hemlock ( Tsuga hetero-
phylla (Raf.) Sarg.), and is some-
what similar in appearance, but the 
tree is smaller and the trunk has more 
taper and is less clear of branches and 
knots. The heartwood is a pale red-

dish brown, the sapwood is moder-
ately thin. The summerwood is quite 
pronounced, and is distinguishable 
from the lighter appearing spring-
wood. The wood has a moderately 
fine andmoderately eventexture. The 
mountain hemlock from Alaska tested 
at the Forest Products Laboratory 
averaged 29 growth rings per inch, 

Distribution and Growth

Mountain hemlock grows in the moun-
tains of the Pacific coast region of 
North America from southern Alaska 
to the high Sierras of California, ex-
tending as far eastward as Idaho and 
Montana. It is mainly a timber-line
tree, but in Alaska it also grows near 
the sea level on rocky sites. Moun-
tain hemlock at its best occasionally 
reaches a height of 100 to 125 feet and 
a diameter of 30 to 40 inches. Such 
trees, however, are uncommon. At 
the other extreme, it sprawls among 
the rocks to but a few feet in height on 
bleak windswept crests. 

Propert ies

Mountain hemlock is one of the few 
species in which shrinkage and the
principal strength properties all 
closely and uniformly correspond to 
what would be expected for its density. 
Most species have at least one prop-
erty which differs from the general 
law. The wood of mountain hemlock 
is slightly above the median of the dif- 
ferent species, and may be classed as 
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moderate in  i t s  properties. Hence it
is moderately heavy, moderately
strong in bending and compression,
moderately s t i f f , moderately hard,
moderately high in shock resistance,
and has a moderately large shrink-
age. The heartwood of mountain hem-
lock, however, is low in decay resist-
ance.

Experience with mountain hemlock is
very limited, but a few samples were
machined satisfactorily and finished
smoothly. The wood is quite similar
to western hemlock in its character-
ist ics, but is somewhat more dense.
In recent years, with the expansion
of logging operations, more of this
wood is reaching the market. It is
usually marketed with western hem-
lock and is used for the same pur-
poses.

Pulping and Papermaking

Moderately fine and even textured, 
mountain hemlock has good fiber 
length and density. The lignin content 
is within the range of most softwood 
pulpwoods, but it is comparatively 
low in cellulose content. 

Experimental work has shown that 
mountain hemlock pulps readily by the 
sulfite process, but is lower than 
westernhemlock in bursting strength 
and tearing resistance, When pulped 
by the kraft process, the wood re-
duces readily, providing a pulp with 
excellent bursting and tensile 
strength, and fairly good tearing re-
sistance (25). 

Seasoning

Because of the similarity of the two 
species, the information relating to 
the seasoning of western hemlock is 
also applicable to mountain hemlock. 

SITKA SPRUCE ( Picea sitchensis

(Bong.) Carr . )

Sitka spruce is also known as tideland 
spruce, coast spruce, and yellow 
spruce.

General Description

Commercially Sitka spruce is one of 
the more important species in Alaska. 
While related botanically to the white 
spruce, it is much larger in size. The 
heartwoodis light reddish brown, the 
sapwood nearly white. The wood is 
classified as nonporous and has a
fine, moderately uneven texture. The 
tree, except in overmaturity, is of 
moderately rapid growth in Alaska. 
The test material from Girdwood av-
eraged 23 rings per inch, and the 
large trees from near Ketchikan av-
eraged 17. 

Distribution and Growth 

Sitka spruce is found along the Pa-
cific coast region from Alaska to 
northern California, extending in-
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land about 50 miles. It is reported 
to occur from sea level to as high 
as 5,000 feet, but grows mainly 
at altitudes of less than 1,500 feet. 
It forms pure forests, but also oc-
curs in mixed stands. In the usual 
mixed forest the faster-growing and 
more light demanding spruces are 
larger in diameter than the western 
hemlock with which they are asso-
ciated and exceed them in height. 

The tree is ordinarily 80 to 125 feet 
high and from 3-1/2 to 6 feet in di-
ameter. In the Tongass National 
Forestthe average mature tree is a-
bout 160 feet high and 5 feet in diam-
eter, but trees with a height of 200 
feet and a diameter of 7 feet are com-
mon. The trees from which test ma-
terial from the Tongass National For-
est were selected ranged from 4-1/2
to 5-3/4 feet in diameter at the stump, 
with an average of 5 feet, and from 
147 to 228 feet in height, with an av-
erage of 197 feet. The oldest tree 
was 757 years of age; the youngest 
248. The trees selected for test 
from the Chugach National Forest 
were much smaller, averaging 17 
inches in diameter, 80 feet in height, 
and 203 years of age. 

ately light in weight, moderately 
weak in bending and compression, 
moderately stiff, moderately soft, and 
moderately low in shock resistance. 
It does not splinter or shatter easily 
on impact. It has a moderately large 
shrinkage and is easy to kiln dry. It 
may be classed as good in ability to 
stay in place, easy to work, very easy 
to glue, and very low in resistance to 
decay. It takes nails without splitting 
and holds them well, takes paints and 
enamels well and is practically taste -
less and odorless. It is a nonporous 
wood and has a fine, moderately even 
texture.

Because of the great size of the tree 
and its clear trunk, it produces a 
large proportion of clear timber (figs. 
7 and 8). Knots, when present, are 
usually sound. The wood contains 
small resin ducts, the direction of 
which on a flat-sawed surface indi-
cates the direction of the grain, and 
is a useful guide in inspection for such 
uses as airplanes and ladders where 
strength is the controlling require-
ment.

Figure 7.--Felling Sitka spruce using, spring-
board to get above swell. 
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Sitka spruce is commonly sound and 
straight grained, but on exposed sites 
is subject to spiral grain. The most 
common defect of overmature trees 
is butt rot. 

Properties

The wood of Sitka spruce is moder-
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Figure 8.--Rafting Sitka spruce logs at an Alaska sawmill. 

Sitka spruce, in common with other 
softwood species, frequently contains 
compression wood. Compression 
wood is characterized by high density, 
wide rings, and a large percentage of 
summerwood. Although such mate- 
rial, because of its density and large 
amount of summer wood, superficially 
presents certain external character-
istics of the strongest and most de-
sirable material, it is, nevertheless, 
unreliable as to strength and has an 
appreciable longitudinal shrinkage 
which causes it to warp and twist 
badly, particularly when present with 
normal wood. Fortunately, compres- 
sion wood is not excessive in amount, 
is easily recognized, and, because of 
its warping tendencies, is likely to be 
culled before it reaches the finished 
product.

Sitka spruce is seldom used for or-
dinary plywood, but sliced veneers 
have been employed in special lami-
nates for aircraft. Usually very 

straight grained, the wood works 
easily in all hand and machine opera-
tions with little dulling effect on cut-
ting edges. A clean finish is obtained 
in machining, provided that sharp 
tools are used and normal care is 
taken to prevent grain raising. 

Pulping and Papermaking

Sitka spruce, which comprises about 
21 percent of the hemlock-spruce
southeastern coastal forests and also 
occurs in pure stands ( 37 ), is an ex-
cellent pulpwood with exceptionally 
long fibers and good density. It can 
be pulped by almost any process and 
produces good yields of pulp. The 
chemical pulps are coarser and of 
lower quality thanthose from western 
hemlock or white spruce and about 
10 percent lower in strength. It prob-
ably has about the highest pulp color 
of any of the common pulpwoods and 
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is used extensively for sulfite and 
mechanical pulping. Sitka spruce is 
the principal source of dissolving pulp 
in Alaska, Sitka spruce and western 
hemlock, also suitable for dissolving 
pulp, are processed together with 
spruce comprising the greater portion 
of the mixture. 

The groundwood pulp of Sitka spruce 
has the highest strength of those from 
common pulpwoods , while the strength 
of the chemical pulps is the lowest, 

The various kinds of papers made from 
these pulps are listed in table 8. 

Seasonine

Sitka spruce is easy to dry and 1-inch 
stockpossibly could be air dried in the 
coastal region during a good summer 
season. The high quality stock merits 
thegreater care of kiln drying, how-
ever. Upper grade material responds 
well to kiln schedules starting with 
150° to 160° F. dry-bulb temperature 
and 5° to 10° F. wet-bulb depres-
sions. A lower temperature schedule 
that starts at 130° F. with a 10° F. 
wet-bulb depression is recommended 
for 4/4 lower grade material. For 
aircraft material requiring the great-
est strength, lower temperatures are 
required throughout the run. 

Kiln drying times vary from 48 hours 
to 10 days. 

A small amount of Sitka spruce has 
spiralgrain, and some has compres-

sion wood. Both of these will lead to 
warping during drying or when dried 
stock is resawed. Bothcanbe recog-
nized and sorted out when the spruce 
is to be used for particular products. 

The difficulty encountered from stain 
and mold in shipping green spruce by 
water through hot, humid zones may 
be overcome by air seasoning for 
from 30 to 60 days before shipment or 
by dipping the green lumber in a toxic 
antistain chemical. 

Principal U s e s

Because of its high strength to weight 
ratio, Sitka spruce is used specially 
for airplane and glider construction, 
oars, ladders and scaffolding, and the 
building of boats, particularly racing 
sculls. It is one of the best pulpwoods 
in Alaska, It is also employed for 
sounding boards in pianos, organ 
pipes, food containers, shelving, 
kitchen furnishings, and general con-
struction.

WHITE SPRUCE ( Picea 

glauca (Moench) Voss)

White spruce is also known as skunk 
spruce, eastern spruce, Canadian 
spruce, and Black Hills spruce. 

General Description

White spruce is a softwood species 
that has long been in popular favor and 
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use. It is related botanically to sev-
eral other species, the more impor-
tant of which are Sitka spruce, red 
spruce, and Engelmann spruce. Of 
these, red, Sitka, and white spruce 
are very similar in their mechanical 
properties and may be used on a like 
basis in airplane construction. 

The heartwood and the sapwoodare 
practically white; consequently they 
are not readily distinguishable when 
dry, The wood in common with that 
of other coniferous species is classi-
fied as nonporous, It has a fine, 
moderately uneven texture, and can 
be machined and worked easily. In 
Alaska, the tree is of relatively slow 
growth; the test material obtained 
from near Matanuska averaged 22 
rings per inch. 

Distribution and Growth 

White spruce grows over a wide area 
extending from Labrador to Hudson 
Bay and to northwest Alaska, extend-
ing southwardto the Great Lakes re-
gion and the States adjoining Canada 
to the east (fig. 9). 

In Alaska, white spruce is typically 
a tree of the interior, rather than of 
the coastal region, although it extends 
to tidewater in a few places, It is 
foundinforests of the woodland type, 
principally along the valley floors of 
the great rivers. 

White spruce is rarely more than 60 
to 70 feet in height, and 2 feet in di-
ameter. The trees selected for test 
from near Matanuska averaged 56 feet 
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Figure 9.- -White  spruce s tand, pr incipal ly
found in interior forests. 

in height and 97 years of age, the age 
ranging from 83 to 113 years. The 
diameter at the stump was 12 to 15 
inches.

P rope r t i e s

The wood of white spruce is moder-
ately light in weight, weak in bending 
and compression, moderately limber, 
moderately soft, moderately low in 
shock resistance, and has moderately 
large shrinkage. It is ranked as easy 
to kiln dry, good in ability to stay in 
place, low in nail-holding ability, and 
very easy to glue. It gives good ser-
vice in ordinary construction, al-
thoughitis classed as very low in de-
cay resistance. The wood is easy to 
work in all hand and machine opera-
tions and has little dulling effect on 

FPL 1 25



cutting edges. A clean finish can 
generally be obtained if sharp tools
a r e used, but knots a r e apt to give
trouble ,

When white spruce is seasoned, it is 
almost tasteless and odorless, making
it especially well suited for food con-
tainers. It takes paint and varnish
well and can be easily stained. The 
wood is readily sliced t o  a  smooth
silky finish, which is advantageous
for the manufacture of veneers and
plywood. It has a long slender, col-
or less fiber that is especially desi ra-
ble i n making pulp and paper.

Pulping and Papermaking

White spruce is a common forest t ree
ininter ior Alaska. It is the only soft-
wood of pulpwood quality in the interi-
o r forest areas ( 37 ) and is usually
found with paper b i r c h o r in pure
stands. White spruce is the foremost
pulpwood in Canada and can be pulped
by any process to produce pulps of
good strength for a wide variety of
papers,

Pulps from white spruce are of high
quality and brightness. Groundwood
pulp yields excellent bright-colored
pulps for many uses.

When pulped by the sulfite process,
the wood reduces readily; the pulp is
strong and of fine texture, although
occasionally it may be somewhat
pitchy. It bleaches easily to white for
use in high-grade printing paper. 

White spruce is easily pulped by the
kraft process to produce normal
yields of pulp, which a re strong and
fine textured.

Various kinds of papers made from
these pulps a r e listed in table 8.

Seasoning

White spruce is generally easy to dry
and can be air seasoned to some ex-
tent in the interior region where it
grows. Kiln schedules are slightly
milder than those for Sitka spruce. 
Kiln drying times vary from 60 hours
to 6 days.

Stock containing spiral grain o r com-
pression wood is subject to twisting,
crooking, and bowing. This wood also 
can be expected to cup more than Sitka
spruce during drying because of the
high degree of growth-ring curvature
found in smaller trees.

Principal Use s

Because of its resilience, white
spruce is a favored wood for ladder 
stock, scaffolding planks, paddles and
oars, and similar uses. It has good
resonance properties, a desirable
feature for sounding boards inmusical
instruments. Other uses include
pulp, shop fittings, agricultural im-
plements, kitchen cabinets, light and
medium construction, food containers
and boxes, cooperage, and shelving. 
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ALASKA-CEDAR ( Chamaecyparis 

nootkatensis (D. Don. ) Spach) 

80 feet and a diameter of 2 to 3 feet. 
Trees4 to 5 feet in diameter and 100 
feet high are common. Trees 15 to 
20 inches in diameter are generally 
200 to 300 years old. 

Alaska-cedar is also known as yel- 
low-cedar, Sitka cypress, yellow cy- Alaska-cedar grows in southeastern 

Alaska in combination with western press, Nootka false-cypress, Alaska 
cypress, and Alaska yellow-cedar. redcedar, in pure stands, and as 

scattered trees in the spruce-hem- 
lockforests. The best trees are found 
in the spruce-hemlock forests, and 
are logged in connectionwith saw tim- 
ber and piling operations. To obtain 

General Description

Alaska-cedar is a little-known soft- any considerable quantity, however, 
wood which is closely related botani- it is necessary to log the cedar stands 
cally to southernwhite cedar and Port- which are usually in patches of one- 
Orford cedar. The heartwood is a half million feet o r less. These
bright clear yellow; the sapwood is patches a r e most frequently found on

larly when green, and forms but a from tidewater so that the cost of log- 

wood contains a natural volatile oil, Alaska-cedar lumber is very resis- 

seems to add a slight gloss to a newly a r e inclined to be defective, many 
cut smooth side-grain surface. It has containing as much as 25 to 30 per- 
a fine, eventexture, and is relatively cent rot at the center.
straight-grained. The virgin t r e e s
are of slow growth, as shown by the
average of 23 rings pe r inch for the
specimens tested f rom Alaska.

noticeably lighter in color, particu- s teep slopes some distance inland 

comparatively narrow band. The ging is consequently high. While 

which gives it a distinctive odor and tant to decay, the overmature trees

P r o p e r t i e s

The wood of Alaska-cedar is mod- 
Distribution and Growth erately heavy in weight, moderate- 

ly weak in bending and compression, 
moderately stiff, moderately hard, 

Alaska-cedar grows in the Pacific moderately high in shock resistance, 
coast region of North America from and has a small shrinkage. On the 
southeastern Alaska southward to basis of approximate classifications 
a northern Oregon. It is widely dis- Alaska-cedar is estimated to rank as 
tributed in southeastern Alaska and very easy to kiln dry, good in ability 
reaches the best development at ele- to stay in place, very easy to work, 
vations between 500 and 1,200 feet. low in nail-holding ability, easy to 
It generally reaches a height of about glue, and very high in resistance to 
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decay, The heartwood of Alaska-
cedar appears to have moderate ca-
pacity for resisting decay when serv-
ing in contact with the ground, but 
its decay resistance in above-ground
situations is indicated to be high. 
Thus the heartwoodmight be expected 
to be less durable than that of western 
redcedar or redwood in ground con-
tact, but comparable in length of ser-
vice given above ground,, Alaska-
cedar is resistant to acids, is highly 
resistant to teredo attack in seawater, 
and only moderately resistant to ter-
mites or other insects, 

Alaska-cedar and Port-Orford-cedar
differ from western redcedar and 
most other species in that the spring- 
wood is firmer and consequently they 
have a much more uniformtexture 
whichmakes them admirably adapted 
for such purposes as carving, ve-
neers, high-class joinery, and where 
smooth wear is desirable. It works 
readily by hand and machine tools, 
has a very slight dulling effect on 
their cutting edges and usually fin-
ishes excellently. Where the grain is 
wavy, there is a slight tendency to 
pick up in planing and moulding. 

Alaska-cedar is reputedlocally not to 
hold paint well, particularly on boat 
hulls but experiments on dry sam-
ples at the Forest Products Labora-
tory have not shown any unusual dif -
ficulty. Like other species, it would 
not be expected to take' paint satis-
factorily if not well dried, and it is 
possible that any difficulty encoun-
tered may be due to this cause. 

The static and impact bending speci-
mens of Alaska-cedar exhibited dur-
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ing test an evidence of toughness not 
usually found in a softwood species of 
its density, Some of the 2- by 2- by
30-inchbending specimens when green 
deflected 6 inches without complete 
failure, the compression tending to 
distribute itself as in some of the 
hardwoods, rather than sharply lo-
calizing as is more characteristic of 
the softwoods, This indicates that 
Alaska-cedar may be adapted to uses 
where bending to form is required, 
and its properties are otherwise suit-
able, but additional tests would be 
necessary to determine whether or 
not this is a species characteristic, 
or merely of occasional occurrence. 
The behavior observed is contrary to 
reports that Alaska-cedar is inclined 
to be brash, 

Pulping and Papermaking 

Alaska-cedar can be pulped, although 
this is not considered as one of its 
primary uses. It has good density and 
in this respect is like mountain hem-
lock, but it has shorter fibers. The 
pulping qualities of this cedar, how-
ever, would be expected to differ from 
those of western redcedar because of 
the shorter fibers and the much higher 
density, The distinctive sulfur-yellow
color of the heartwoodmay have some 
effect on the bleachability of pulp made 
from Alaska-cedar,

Seasoning

Alaska-cedar seasons readily, It air 
dries slowly in the coastal region, but 
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can be dried more rapidly in the in-
land areas during the summer, Kiln 
drying schedules given in table 11 for 
4/4 and 8/4 upper grade stockhave 
starting temperatures of 160° and 
150° F., respectively. The Canadian 
Laboratories recommend for 4/4 and 
5/4 stock a schedule starting at 170° 
F. with a 7° F. wet-bulb depression. 
For wide 2-inch material, Canada 
recommends a milder schedule start-
ing at 130° F. with a 2° F. wet-bulb
depression. Estimated drying time 
in a modern forced-air circulation 
kiln varies from about 72 hours for 
4/4 stock to 168 for 8/4. 

Alaska-cedar may develop some 
longitudinal shrinkage because of 
streaks of compression wood, High 
temperature schedules and an inten-
sive conditioning treatment would be 
somewhat helpful in relieving the re-
sultant longitudinal stresses when the 
material that contains compression 
wood is dried. Such stresses usually 
are not fully relieved, however, and
Alaska-cedar with pronounced com-
pression wood streaks should not be 
ripped into long narrow cuttings. 
This wood also may be subject to 
pitch exudation in use unless the pitch 
is set by kiln drying with a final tem-
perature of 160° F. or higher. 

Principal Uses 

Its very low shrinkage factor, com-
bined with its high durability in situ-
ations favoring decay, makes Alaska -
cedar valuable for window frames and 
exterior doors, the better class of 

boat construction, and other similar 
uses, It is used also for poles, piles, 
interior finishing in houses, cabinet 
work, patterns, and furniture, 

WESTERN REDCEDAR 

( Thuja plicata Donn) 

Western redcedar is also known as 
canoe cedar, arborvitae, shingle-
wood, giant-cedar, Pacific redcedar, 
and giant arborvitae. 

General Description 

Western redcedar is a moderately 
slow-growing, long-lived tree that is 
closely related to the well-known
northern white-cedar ( Thuja occiden- 
talis L.). The heartwood is a reddish 
brown; the narrow sapwood is white. 
The reddish color of the heartwood is 
thought to be due partly to certain ex-
tractives , which appear to be respon-
sible for the high resistance of the 
wood to decay, The wood has a dis-
tinctive odor characteristic of the ce- 
dars, The narrow summerwood bands 
are distinctly darker and harder than 
the adjacent springwood, The wood 
has a fine, moderately even texture. 

Distribution and Growth 

Western redcedar grows principally 
in a belt along the western coast of 
North America, extending from the 
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southern half of southeastern Alaska 
to northern California, In Alaska it 
reaches its best development below 
an elevation of 500 feet. 

Western redcedar has a character-
istic buttressed base, tapering trunk, 
and conical crown; it sometimes 
grows in small pure stands but gener-
ally inmixture with other species, by 
which it is frequently overtopped. The 
tree is capable of enduring shade but 
under such conditions the rate of 

imate classification, western redce- 
dar is estimated to rank as moderate 
in ease of kiln drying, good in ability 
to stay in place, very easy to work, 
very low in nail-holding ability, mod-
erate in ease of gluing, and takes 
stains and paints satisfactorily. It is 
very high in decay resistance when 
used in contact with the soil or in 
other situations favoring decay. In 
decay resistance, the heartwood 
ranks with that of redwood and old-
growth baldcypress. In resistance 

growth is reduced. Large trees in toinsect attack, the seasoned timber 
southeastern Alaska are from 100 to 
130 feet high and 3 to 6 feet in diam-
eter, The mature trees are limby, 
heavily tapered, and are subject to 
severe heart rot, but trees of pole 
size are well formed and sound, In 
Alaska, the best trees are those oc-
curring as scattered individuals or in 
small groups in stands of hemlock and 
spruce. The trees of the pure cedar 
type of forest average somewhat 
poorer in quality but are sufficiently 
good to be classed as merchantable. 
The open stands of cedar and other 
species found so commonly on the 
swamp soils are uniformly poor in 

is not immune from damage by furni-
ture beetles. The wood is resistant 
to but not immune from termiteat-
tack.

The, wood of western redcedar works 
easily in all hand and machine opera-
tions and has little dulling effect on 
tools. A goodfinishis generally ob-
tainable, provided that sharp cutters 
are used, It is somewhat brittle and 
may splinter to a certain extent when 
worked on end grain, as in mortising, 
and end moulding. In planing and 
moulding, particularly of fast-grown
material, dulled or thickened cutters 

quality and are not considered mer- tend to compress the soft springwood, 
chantable, the trees being short, which later expands and produces 
limby, and defective. ridged surfaces . Western redcedar 

belongs to the class of timbers that is 
subject to chip-bruising under certain 

Properties machining conditions. This difficulty 
can generally be overcome by im-
proving the efficiency of the waste-

The wood of western redcedar is light removal system and by having the 
in weight, weak in bending and com- cutters free of all wire-edge.
pression, moderately limber, mod-
erately soft, low in shock resistance, The wood has acidic properties and 
and has a very small shrinkage, It tends to accelerate the corrosion of 
is straight grained and splits readily metals in contact with it. In contact 
and uniformly. On a basis of approx- with unprotected iron, the wood de- 
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velops a black stain and the iron cor-
rodes. Suitable precautions should 
be taken, either by applying protec-
tive coatings to the metals in contact 
with the wood, or by selecting metals 
that are relatively resistant to corro-
sion.

Pulping and Papermaking 

It generally contributes to good fiber 
bonding, close structure, smooth-.
ness, and opacity of papers. For 
those requiring exceptional smooth-
ness, large amounts of cedar should 
be considered ( 27 ). 

Western redcedar is not suitable for 
the generally acceptable grades of 
groundwood pulp because of its poor 
color,

Western redcedar, a minor softwood 
species, is usually scattered in Seasoning
groups in the hemlock-spruce coastal 
forests. It has stringy bark that 
causes removal problems. Compared The seasoning properties of western 
towesternhemlock and Sitka spruce, redcedar vary with its initial mois-
it has low density, average fiber ture content and weight. Light wood 
length, and high water exractives of low moisture content (below 90 per-
(table 7). The lignin content, 29 to cent) dries easily with little defect 
32 percent, is high compared to 26 to hazard. Very heavy, high-moisture
30 percent found in most softwoods. content sinker stock from the butts of 
These wood properties adversely af- large trees is slow to dry, and subject 
fect pulp yield and color. The high to collapse and honeycombing. Such 
extractives may cause corrosion wood probably should be air dried to 
problems ( 44 ), so the pulp is usually 50 percent moisture content or leas 
cooked with other woods to prevent before: being kiln dried. Moderately 
corrosion from becoming a problem, heavy material, which may contain 

small streaks of very wet wood, can 
Western redcedar is pulped mainly by be kiln dried from the green condition 
the kraft process, since it is not only using moderate kiln schedules. Air 
difficult to reduce by the sulfite pro- drying is generally slow in the coastal 
cess, but it also results in dark-col- region, but when it is practiced, the 
ored shivey pulps that are difficult to very best drying site should be used, 
bleach. Kraft pulps develop the high-
est bursting strength of the Pacific Recommended kiln drying schedules 
coast species ( 10 ). for upper grade light stock start at 

140° F. with 5° to 10° F, wet-bulb
The exceptional uniformity in overall depressions. Lower grade, knotty 
fiber size of this cedar and the fine- stock uses a larger initial wet-bulb
ness of its fibers result in good sheet depression and finishes with a lower 
formation where the pulp is usedin final dry-bulb temperature. Recom-
paper machine furnishes for printing mended kiln schedules for somewhat 
and other high-grade papers (table 8). heavier stock start at 120° F, with 
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5° to 7° F. wet-bulb depressions. 

The Canadian Laboratories recom-
mend higher starting temperatures 
and considerably larger wet-bulb de- 
pressions for lightweight western red-
cedar, Commercial time schedules 
used in Washington and Oregon have 
large depressions at the moderate 
temperatures of the recommended 
schedules.

Kiln drying time can vary from 50 
hours for light 4/4 stock to 22 days 
for heavy 5/4 siding stock. 

Principal Uses 

Because it retains its. size and shape 
exceptionally well after being proper- 
ly seasoned, western redcedar is 
much favored in canoe and boat con-
struction. Its durability has made it 
the most widely used wood in America 
as shingles for roofing. It is also 
used for telegraph and telephone 
poles, fence posts, light construction, 
pulp, clothes closets and chests, and 
conduit s . 

LODGEPOLE PINE ( Pinus 

contorta Dougl.) 

Lodgepole pine is also called black 
pine, scrub pine, shore pine, coast 
pine, and tamarack pine. 
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General Description 

Lodgepole pine, Alaska's only pine, 
is a low, scrubby tree with a trunk 
that becomes gnarled with age. Be- 
cause of its size, it does not produce 
much high-grade lumber, but it yields 
a good grade of small, t ight- knot ted
stock, somewhat similar in quality to 
that of Engelmann spruce or jack 
pine, The heartwood of lodgepole pine 
varies in color from a light yellow to 
a yellow brown. The narrow sapwood 
is nearly white. The wood is general-
ly straight grained with narrow growth 
rings in which the darker bands of 
summerwood are distinct. 

Lodgepole pine contains resin ducts 
which may be fairly numerous, but are 
not distinctly visible without a lens. 
These ducts are oftenindicated by ex-
udations of resin. On the surface 
under the bark or on split tangential 
surfaces numerous slight indentations 
maybe seen which give the surface a 
dimpled appearance, 

Distribution and Growth 

Lodgepole pine extends through the 
Rocky Mountain and Pacific Coast re- 
gions from Alberta to Yukon, and 
south through southeastern Alaska, 
British Columbia, andwestern United 
States. The tree varies considerably 
in size in different districts. The 
dwarfed coastal type, ranging from 
6 to 20 inches in diameter and 20 to
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40 feet in height, is common in open 
muskegs of peat moss and on benches 
near lakes. The tree is able to sur-
vive for long periods where it is 
crowded or shaded, then recover and 
make increased growth if conditions 
are improved. 

Lodgepole pine is susceptible to se-
vere insect attackand to damage from 
fungi and mistletoe. Trees killed by 
fires or insects generally decay very 
slowly as long as they remain stand-
ing# but often check so badly that 
merchantable lumber cannot be sawed 
from them, Dead trees may remain 
standing for 20 or 30 gears. 

Properties

In strength properties, lodgepole pine 
rates asweakinbending and compres-
sion, moderately stiff, moderately 
soft, andmoderately low in shock re-
sistance. It is not considered durable 
when used under conditions favorable 
to decay, but can be satisfactorily 
treated with a preservative by proper 
methods, although the heartwood is 
difficult to penetrate. In ability to hold 
paint, the wood ranks below the white 
pines but above southern pine and 
Douglas-fir. Small sound knots are 
characteristic of the lumber. 

Lodgepole pine is moderately light in 
weight and fairly easy to work with 
machine and hand tools, but re sin ex-
udation may sometimes be trouble-

some. Clear material has little dull-
ing effect and that caused by the knots 
is notunduly severe, as they are usu-
ally sound. It finishes cleanly, takes 
nails satisfactorily, and can be readi-
ly glued. Lodgepole seasons easily 
and uniformly and has moderately 
large shrinkage compared with the 
majority of softwoods. 

Pulping and Papermaking 

Tests on lodgepole pine ( 24 ) grown in 
the Rocky Mountain regions indicate 
that it has excellent papermaking 
properties. Wood from these regions 
contains comparatively little pitch and 
can be pulped readily by the sulfite or 
sulfate processes. Sulfite pulp is 
easily bleached, strong, and of excel-
lent color, suitable for the manufac-
ture of such papers as newsprint, 
book, and high-grade printing (table 
8). The sulfate pulp is strong and es-
pecially suitable for wrapping and bag 
papers and container boards. 

The wood with comparatively little 
pitch can also be ground readily by 
the mechanical process to yield a pulp 
of satisfactory color and strength, but 
the power required is about 20 percent 
more than for white spruce--a wood 
long used for groundwood pulp. When 
pulped by the sulfate process, which 
can be applied satisfactorily to woods 
containing considerable pitch, lodge- 
pole pine produces a very strong, 
dark-colored pulp suitable for making 
high-grade kraft wrapping papers and 
f iberboard.
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Seasoning used in increasing amounts for siding, 
finish, and flooring, especially where 
the lumber of other species is not 
readily available, Straight-grained lodgepole pine from 

the interior areas should season very 
readily during the active drying pe-
riods, Material from scrubby trees 
along the coast and from interior trees 
containing much spiral grain would Marsh. and varieties) 
not be expected to dry straight. ,With 
such a species as lodgepole, complete 
seasoning before use is essential to Paper birch is also known as Alaska 
eliminate pieces that are likely to paper birch, Alaska birch, white 
warp excessively. birch, canoe birch, Alaska white 

birch, silver birch, Kenai paper 
The kiln drying schedules for lodge- birch, black birch, and red birch, 
pole pine start at 140° F. for upper 
grade stock, and at 120° F, for low 
grade material, The wood has small General Description 
knots and a high luster, so that it 
makes an excellent paneling, Some 
manufacturers of 1 -inch paneling use Paper birch is one of the few hardwood 
a maximum dry-bulb temperature of species found in Alaska, and has the 
145° F. to prevent the resinaround densest wood of the Alaska tree spe-
the knots from flowing out and turning cies. The heartwood is light reddish 
dark on the surface. Kiln drying time brown; the moderately wide sapwood 
for 1-inch stock varies from3 to 5 is practically white, The wood has a 
days. The time for thicker stock fine even texture, and finishes well, 
would be somewhat longer, depending The trees are of relatively slow 
upon the width and degree of dryness growth; the material from 10 trees of 
required. one site near Whitney averaged 29 rings 

per inch. The birch trees of Alaska 
have a distinctive, smooth, thin, 

PAPER BIRCH ( Betula papyrifera 

Principal Uses 

Lodgepole pine is used principally for 
lumber, railroadties, mine timbers, 
and poles. Less important uses in-
clude pulpwood, posts, and fuelwood. 
The ties and poles are nearly always The general range of paper birch is 
treated with a preservative to in- widespread across North America 
crease their life. The lumber is used from western Alaska east to Labora- 
mostly for local rough construction and dor and Newfoundland. Western paper 
occasionally for boxes. It is also birch ( Betula papyrifera, var. com - 
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creamy white, slightly red, or brown 
bark that peels off in papery strips. 

Distribution and Growth 



mutata ) is found along the mainland 
coastal river drainages and lakes in 
the northern part of southeast Alaska 
and is separated from other Alaska 
tree birches that grow in the interior 
( 37 ). Alaska paper birch ( B. papy-
rifera, var. humilis ) occurs mainly 
inthe interior forests and south to the 
Pacific coast. Kenai birch ( B. papy-
rifera, var. kenaica ) grows inthe in-
terior and southern Alaska, except in 
the southeast portion. 

The most extensive birch forests in 
Alaska are those of the upper Cook In-
let region. The paper birch-white
spruce type is the typical forest of this 
region. It occupies the rolling bench-
land above the bottoms and extends up 
the lower slopes of the foothills to an 
elevationof about 800 feet. Here the 
paper birch is associated with white 
spruce and aspen. Trees 80 to 100 
years old on the more favorable sites 
attain a height of 60 to 70 feet and a 
diameter of 12 to 14 inches, although 
the average diameter breast high is 
from 8 to 10 inches. Occasionally a 
diameter of 24 inches is reached (fig. 
10).

In trees over 8 inches diameter breast 
high, the heartwood for varying dis-
tances from the pith is commonly 
stained, and frequently advance 
stages of decay are present. 

Properties

The wood of paper birch is moderately 
heavy, moderately strong in bending 
and compression, stiff, moderately 
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Figure 10.- -Paper birch is a predominant spe-
cies in interior forests. 

hard, high in shock resistance, and 
has a very large shrinkage. Observa-
tions on the material tested for 
strengthindicate that paper birch may 
be ranked as moderate in ease of kiln 
drying, good in ability to stay in 
place, high in nail-holding ability, 
difficult to glue, and low in resistance 
to decay. Like the other species of 
birch, it is diffuse-porous in struc-
ture. It has a fine, even texture, and 
takes finishes and stains satisfactor-
ily, The wood works easily and the 
uniformity of grain is a distinct ad-
vantage in the manufacture of veneers 
and plywoods. 

Pulping and Papermaking 

Paper birch and its varieties growing 
in Alaska forests have suitable char-
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acteristics for pulping and paper-
making. Paper birch has short fi-
bers, typical of hardwoods, and good 
density (table 6) thus producing more 
pulp per cord of wood than spruce. It 
can be pulped by any process and var-
ious types of papers can be made from 
it (table 8). It reduces easily in sul-
fite pulping and produces normal 
yields of pulp of rather poor color but 
which are easily bleached. The 
strength is considered almost equal 
to that of hemlock sulfite pulp and
about 75 percent as strong in burst 
and 90 percent in tear as spruce sul-
fite ( 35 ). The use of green wood may 
cause papermaking troubles because 
of excessive wax, but this difficulty is 
usually eliminated by using seasoned 
wood ( 17 ). 

When pulped by the kraft process, the 
wood reduces readily, producing pu lps 
of high yield and with strength about 
75 percent of that from spruce ( 17).
It seems to have the best overall 
strength properties in the hardwood 
group.

Paper birch, when pulped by the soda 
process, reduces with some difficul-
ty. The yield is normal and the pulp 
is fairly easy to bleach ( 17 ), 

Neutral sulfite semichemical pulp 
from birch is particularly bright and 
strong. It has use as a partial sub-
stitute for chemical pulps in a num-
ber of papers, including newsprint and 
other groundwood-sulfite papers. 
Newsprint paper has been success-
fully made at the Forest Products Lab-
oratory using 20 to 60 percent birch 
neutral sulfite semichemical pulp to-

FPL 1 36 

gether with varying amounts of spruce 
and birch groundwoods. This pulp 
may also be used in corrugating and 
coarse wrapping paper furnishes ( 35 ), 
and it has been found to produce litho-
graphic paper of good quality. 

Groundwood pulp from paper birch is 
short fibered and lacks the strength of 
spruce, but even so, it can be used as 
filler stockin the manufacture of book 
and newsprint papers. It is absorb-
ent, a quality requiredin paper towel-
ing, and light colored, showing a tinge 
of pink ( 17 ). 

Chemigroundwood pulp from birch is 
moderately low in strength and is u-
sually used in mixtures with softwood 
groundwood and sulfite pulps for 
newsprint paper. 

Pulped by the cold soda process, birch 
is comparatively low in strength, but 
has its use in mixtures for furnishes 
for boxboards and book and newsprint 
papers.

Paper birch is used in mixtures with 
other hardwoods for pulping, but mix-
tures may require longer cooking 
times. Birch and spruce may be 
cooked together in sulfite cooking. 

Seasoning

The varieties of paper birch growing 
in Alaska all should be relatively easy 
to air dry or kiln dry. Air drying of 
1-inch material to 25 percent mois-
ture content or less should be accom-
plished in one summer season. Rec-



ommended kiln drying schedules be-
gin with dry-bulb temperatures of 
130° to 140° F. and wet-bulb depres-
sions of 5° to 7° F. Somewhat more 
severe wet-bulb depressions can be 
used when drying squares. Kiln dry-
ing times in modern forced circulation 
kilns vary from 3 to 10 days, depend-
ing on thickness. 

In material cut from small trees or 
from near the pith of larger trees, 
some cupping may be expected, and 
longitudinal warp may result from 
tension wood in some trees. End 
checking is somewhat of a problem and 
thick lumber or large squares prob-
ably should be end coated. Birch 
shows a tendency to brown slightly 
when dried at high temperatures, and 
manufacturers of spools and some 
other products prefer the whitest 
stockproduced by air drying prior to 
kiln drying or low temperature kiln 
drying.

Principal Uses 

Near cities of Interior Alaska, paper 
birch has been an important source of 
fuel. The wood has been used locally 
for mine props also. It is satisfactory 
for pulp, furniture, cabinetmaking, 
veneer and plywood, handles, boxes 
and crates, clothes pins, spools, and 
bobbins. Paper birch is also used for 
turned and carved articles, tooth-
picks, and toys. The bark was used 
by northern Indians for canoes and 
various small articles. 

BLACK COTTONWOOD ( Populus 

trichocarpa Torr. & Gray) 

Black .cottonwood is also known as 
California poplar, cottonwood, bal-
sam cottonwood, and western balsam 
poplar.

General Description 

Black cottonwood is a lightweight 
hardwood (broadleaved) species of the 
Pacific Northwest, which is closely 
related to the aspens and poplars. 
The wood is grayish white to light 
brown. It is diffuse porous, and has 
a fine, even texture. It is generally 
straight grained, although cross grain 
is not uncommon. The annual rings 
are scarcely noticeable. The sapwood 
is wide and not clearly defined, but 
merges gradually into the heartwood. 
It has a characteristic sour odor when 
moist but is odorless when seasoned. 
Blackcottonwoodis a tree of normally 
rapid growth, but in maturity and 
overmaturity the rate of growth is 
much slower. 

Distribution and Growth 

Black cottonwood occurs from south-
ern Alaska to California and extends 
inland into western Montana. It grows 
best at lower levels on river bottoms 
and sandbars. In Alaska it occurs in 
quantity only on the valley floors of a 
few large mainland streams, princi-
pally the Chilkat, Stikine, and Taku 
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taken in selecting a suitable priming 
paint.
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Figure 11.- -Black cottonwood standaveraging

90 feet in height and 33 inches in diameter.

rivers. It is the largest broadleaf 
tree in Alaska, reaching 125 feet in 
height and 3 to 5 feet in diameter (fig. 
11). Though black-heart and black 
knots are common in mature trees, 
extensive areas of immature trees of 
excellent quality are found. 

P r o p e r t i e s

Black cottonwood is light in weight, 
weak in bending and compression, 
moderately limber, soft, moderately 
low in shockresistance, and has a 
moderately large shrinkage. It is es-
timated to rank as moderate in ease 
of kiln drying, poor in ability to stay 
in place, easy to glue, and very low 
in resistance to decay. Cottonwood 
is rather difficult to work with tools 
without producing chipped or fuzzy 
grain. It is low in nail-holding abili-
ty, but does not split easily in nailing. 
The wood has a good reputation for 
holding paint, although care must be 

Pulping and Papermaking 

The fiber length of black cottonwood 
is good for hardwoods, and the den-
sity, about 20 pounds per cubic foot, 
is slightly lower than for aspen ( P. 
tremuloides ), which is 23 pounds per 
cubic foot. 

Blackcottonwood reduces fairly read-
ily when processed mechanically. The 
groundwood pulp has excellent color 
with strength about equal to that of 
groundwood from western hemlock 
( 25 ) . 

This species pulps easily by the sul-
fite process, producing a high yield of 
low strength pulp ( 17 ). It reduces 
readily by the soda process too. 

When pulped by the kraft process, 
black cottonwood produces compara-
tively high yields of pulp with adequate 
strength. In a recent study ( 10 ), 
black cottonwood bleached kraft pulp 
was used successfully in furnishes for 
high-quality printing papers. Fur-
nishes for mimeograph papers con-
tained 55 percent of the pulp, and for 
offset book papers, 40 percent. West-
ern hemlock or western redcedar 
bleached kraft pulps were used with 
the cottonwood in some of these fur-
nishes.

Black cottonwood would be expected 
to pulp satisfactorily by the neutral 
sulfite semichemical and by chemi-
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mechanical processes, such as cold 
soda and chemigroundwood. 

The various kinds of papers made 
from these pulps are listed in table 80 

Seasoning

Cottonwood, aspen, and balsam poplar 
are relatively easy to dry and require 
about the same drying conditions. 
Recommendations are given for cot-
tonwood, and the manufacturer can 
use somewhat more severe conditions 
for aspen as his experience develops. 
One-inch lumber of all species should 
air dry to 25 percent moisture content 
or less in one summer season in inte-
rior locations. Kiln drying schedules 
start at 130° to 140° F. dry-bulb tem-
perature with 7° to 10° F. wet-bulb
depressions.

Aspen or cottonwood that contains wet 
streaks near the sapwood-heartwood
line is subject to collapse and should 
be air dried to 25 percent moisture 
content or less before kiln drying if 
the wood is to be used for an exacting 
purpose, such as core stock. The 
water pockets may end up as wet spots 
in the finished lumber if the final dry-
ing is not continued long enough. 

Cottonwood that contains interlocked 
grain or tension wood shows a tend-
ency to crook or bow upon ripping or 
resawing, andit may warp excessive-
ly during kiln drying, Close sticker 
spacing is desirable for such stock, 
andit maybe necessary to air dry the 
wood before kiln drying if the warping 
is severe. 
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Principal Uses 

Cottonwood is used largely for lum-
ber, veneer, pulpwood, excelsior, 
and fuel. The lumber and veneer go 
mostly into boxes and crates. The 
light weight of the wood and its ability 
to take nails without splitting, com-
bined with a good color for stenciling, 
andlackof odor, make it suitable for 
a wide variety of containers. In Alas-
ka, the small supply of black cotton-
wood provides a possible source of 
pulpwood for the manufacture of 
paper.

BALSAM POPLAR ( Populus 

balsamifera L.) 

Balsam poplar is also known as taca-
mahac poplar, cottonwood, hackma-
tack, and tacamahac. 

General Description 

Balsam poplar is a hardwood species 
of light weight, which is closely re-
lated botanically to the aspens and 
cottonwoods. It should not be con-
fused with yellow-poplar ( Lirioden-
dron tulipifera L.), to which it bears 
no botanical relation. 

The heartwood of balsam poplar is a 
light brown; the moderately thick sap-
wood nearly white. The wood is dif- 
fuse porous, and consequently has a 
fine, even texture. The tree is nor-
mally of rapid growth; the trees col-



lected for  tes t  f rom Girdwood, Alas-
ka, averaged 14 rings per inch.

When cut into lumber, balsam poplar
is frequently sold i n mixture with as-
pen and cottonwood under the name
"cottonwood. When cut for pulp-
wood, it is commonly included with
aspen and both a r e classed as "pop-
lar.

Distribution and Growth 

Balsam poplar grows principally in
Alaska and Canada, Its range extends
f rom Alaska to Hudson Bay and New-
foundland and southward to the north-
e r n United States along the Canadian
border from Maine to Oregon, It is
distinctly a northern t r e e and parts
of its range a r e characterized by a
short growing season and long severe
winters; conditions too severe for the
existence of most other trees. It is
confined mainly to alluvial bottom-
lands and to the borders of s t reams
and swamps i n moist, sandy, and
gravelly soils. Seeds a r e abundant
a nd  a r e  scat tered widely by the wind.
The t r e e s secured for  test  from Gird-
wood averaged 88 feet in height and
ranged from 78 to 98 feet. They av-
eraged 23 inches in diameter and 162
years of age (fig. 12).

Properties

The wood of balsam poplar is light in
weight, exceedingly weak in bending
and compression, limber, soft, low
i n shock resistance, and has a moder-
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Figure 12.--Mature stand of balsam poplar 
ranging from 170 to 235 years of age. 

ately small shrinkage. It is consider-
ed to rank as moderate in ease of kiln
drying, poor in ability to stay in
place, easy to work, easy to glue, and
very low in resistance to decay. The
wood shows little tendency to split in
nailing, but is very low in nail -holding
ability. Balsam poplar is reported to 
require considerable ca re in season-
ing to overcome a tendency to twist
and warp. The wood has excellent
pulping qualities and is  well suited for
papermaking, both by the sulfite and
soda processes.

Pulping and Papermaking

Balsam poplar, along with quaking
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aspen, is found in small numbers 
mainly in the interior forests. Bal-
sam poplar has slightly shorter fibers 
than the aspen. The lower density of 
balsam poplar results in slightly low-
er yields of sulfite and kraft pulps 
than those made from aspen (table 6), 
but the yields of soda pulp are about 
the same. 

Balsam poplar reduces with excep-
tional ease by the sulfite process , and 
the pulps are of excellent color, and 
they bleach very easily for use in 
printing papers. The woodpulps sat-
isfactorily by the neutral sulfite semi-
chemical process, and would be ex-
pected to be suitable for chemime-
chanical pulping. 

This species is also easily made into 
groundwood pulp, but the pulp does not 
respondto bleaching as easily as does 
that from aspens. The various kinds 
of papers made from these pulps are 
listed in table 8. 

Seasoning

Balsam poplar can be seasoned in ac-
cordance with the recommendations 
given for cottonwood. 

Pr incipal  Uses 

Balsam poplar is used principally for 
box and crate lumber and for pulpwood 
in the manufacture of paper. Some of 
the high-grade logs are cut into veneer 
from which various kinds of fruit bas-
kets are made. A small amount of 

balsam poplar is also used for making 
excelsior.

QUAKING ASPEN ( Populus 

tremuloides Michx.) 

Quaking aspenis also known as quak-
ing asp, aspen, golden aspen, moun-
tain aspen, trembling aspen, Vancou-
ver aspen, poplar, trembling poplar, 
popple, and alamo blanco. 

General  Descr ipt ion 

Quaking aspen is a small tree with a 
conspicuous whitish, smooth bark, 
straight trunk, and leaves with such 
long, slender leaf stalks that the least 
wind causes the foliage to turn and 
tremble. The heartwood of the as-
pens is grayish white to light grayish 
brown. The slightly lighter colored 
sapwoodvaries in thickness and gen-
erally merges gradually into the 
heartwood without being conspicuous. 
The wood is generally straight 
grained, and the texture is fine and 
uniform, Aspen has a characteristic 
disagreeable odor when moist. This 
odor disappears in seasoned material 
which does not impart odor or flavor 
to foodstuffs. 

Distr ibut ion and Growth 

Quaking aspen is the most widely dis-
tributed species in North America, 
ranginginthe West from the northern 
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limit of trees in northwestern Alaska 
and the Yukon south to the northern 
end of southeastern Alaska British 
Columbia; southern high mountains of 
western United States from Washing-
ton to southern California, Arizona, 
and New Mexico. 

A small tree, quaking aspen averages 
8 to 12 inches in diameter and 50 to 60 
feet in height, but occasionally attains 
a diameter of 24 inches and a height 
of 90 feet. The trees are fast growing 
but short lived, 60 to 80 years, and 
highly susceptible to decay, They 
must have sunlight to live and are 
often suppressed and killed by slower-
growing but longer-lived species. 
The tree reproduces both by seed and 
by root sprouts. It usually occurs as 
a temporary type following a fire, and 
is often associated with white birch 
and white spruce in Alaska (fig. 13). 

Figure 13.--Quaking aspen is one of the more a-
bundant species found in the interior forests. 
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Properties

The wood of quaking aspen is light in 
weight, weak, soft, moderately lim-
ber, moderately low in resistance to 
shock, and has a moderately large 
shrinkage. It has the reputation of 
being somewhat difficult to season 
without warping , but can be dried suc-
cessfully by modern methods. The 
woodcan be easily glued with a vari-
ety of glues and under a wide range of 
gluing conditions. Aspen ranks low 
in nail-holding ability but has little 
tendency to split in nailing. When 
seasoned properly, it works well with 
both hand and machine tools and has 
only a slight dulling effect on their 
cutting edges. It finishes cleanly in 
most operations, but sharp, thin-
edged tools are required. A tendency 
for woolly surfaces to be produced in 
planing and for the wood to crumble in 
end-grain cutting was observed with 
aspenwhen dulled cutters were used. 
The wood takes paints satisfactorily, 
providing care is taken in selecting a 
suitable priming paint. 

Pulping and Papermaking. 

Quaking aspenis quite versatile in the 
kinds of pulp it will produce, since it 
can be pulped by six different methods 
(table 8). 

In sulfite pulping, aspen reduces 
readily, the pulp has high yield, hy-
drates rapidly, and has excellent col-
or, except for small black specks that 
disappear on bleaching. The pulp is 
easily bleached, resulting in strength 



of about 50 percent that of spruce 
pulps. The opacity or bulk character-
istics are lower than those of aspen 
soda pulp. It is used in small amounts 
for newsprint, various printing pa-
pers, and tissues ( 17).

The soda pulp from aspen is weak, 
bleaches easily, andimparts opacity, 
bulk, softness, and absorbency when 
used in papers. It is principally used 
withbleached sulfite pulp in book pa-
per furnishes, and some is used for 
facial tis sues . 

In kraft pulping, the wood reduces 
readily, produces good yields of pulp, 
hydrates easily, and is about 65 per-
cent as strong as kraft pulp of spruce, 

Aspen neutral sulfite semichemical 
pulps are bright and strong. Corru-
gating boardmedium has good resist-
ance to crush, and the pulp is used ex-
tensively for container boards, A 
bleached grade is used in book papers 
and food boards, and should be suita- 
ble for glassine. The pulp is readily 
bleached by chlorine or sodium per-
oxide.

Cold soda pulps, which are relatively 
strong and possess comparatively high 
resistance to crush, are suitable for 
use in furnishes for corrugating medi-
um. When bleached, the pulp loses 
some of its original opacity ( 6 ), but 
has possible use as part of the furnish 
for newsprint and lower-grade book 
papers .

Aspen reduces readily in groundwood 
pulping; the strength is somewhat 
lower than that of spruce groundwood 
pulp. It has good color and bleaches 
readily for use in bookpapersand 

tissues. The unbleached pulp can be 
used in newsprint paper because of 
its bright color and for heavy struc-
tural boards, Aspen can be included 
in hardwood mixtures and with cer-
tain softwoods for pulping. 

Seasoning

Aspen can be seasoned in accordance 
with the recommendations given for 
cottonwood. As his experience de-
velops, the manufacturer can use 
somewhat more severe kiln conditions 
for aspen. 

Pr incipal  Uses 

Aspen is used principally for pulp-
wood, lumber, excelsior, and 
matches. The wood is generally 
pulped by the soda process and the 
pulp used in the manufacture of book 
andmagazine paper. The lumber goes 
principally into boxes and crates , in -
cluding small boxes for shipping 
foods, for which the light color and 
light weight of aspen and its freedom 
from taste and odor make it a very 
satisfactory wood. For the manu-
facture of high-grade excelsior, as-
pen has long been one of the preferred 
woods on account of its light weight 
and color and the toughness and re-
silience of the thin strands, Aspen 
logs in limited quantities are cut into 
veneer by the rotary process and used 
in the manufacture of matches. In 
Canada, a considerable amount of as-
pen is cut for lumber, especially in 
localities where other species are not 
plentiful.
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MECHANICAL PROPERTIES 

Nature of Studies 

A study was made by the Forest Ser-
vice on the mechanical properties of 
Alaska woods that included standard 
tests on small, clear specimens of 
eight species, comprising paper 
birch, Alaska-cedar, western red-
cedar, mountain hemlock, western 
hemlock, balsam poplar, Sitka 
spruce, and white spruce. 

In considering the mechanical proper-
ties of woods grown in Alaska in con-
nection with utilization requirements, 
two questions that arise are (1) What 
are the strength properties of the 
species found in Alaska? and (2) How 
do the properties of Alaska-grown
timber compare withthose of the same 
and other species grown elsewhere? 

Figure 14.--Ful l -s izedlodgepole  pine pole  un-
der  load at  Forest  Products  Laboratory.  
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The results of the strength studies to-
gether with other data available fur-
nish a basis for obtaining definite 
answers to these pertinent questions 
(fig. 14). 

Standard Tests of Small, 

Clear Specimens 

Selection of Material 

The material used for determining the 
average properties of a wood from any 
one locality consisted of logs 5 feet or 
9 feet in lengthtaken from each of five 
or more representative trees, the 
upper part of the section usually being 
16 feet above the stump. The Alaska 
species for test in the form of small, 
clear specimens were obtained from 
eight locations all of which were less 
than 400 feet above sea level. 

The material collectedin the Chugach 
National Forest near the Alaska rail-
road was transported by train to 
Seward, Alaska, and then by steam-
ship to Seattle, Wash. The logs from 
the Tongass National Forest were 
rafted to Ketchikan, Alaska, for boat 
shipment to Seattle. The tests were 
made at the Forest Products Labora-
tory, Madison, Wis. 

Character of Tests 

The standard tests, such as were 
made on small, clear specimens of 
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Alaska woods as well as for similar 
studies of other species, serve as a 
basis for comparing and substituting 
species, promoting the use of unknown 
and little-used woods, aiding in the 
determination of safe working stres-
ses for design, determining the influ-
ence on strength of such factors as lo-
cality of growth, position in tree, rate 
of growth, and seasoning, grouping of 
species into utility classes for indi-
vidual uses, such as boxes and lad-
ders, developing specific gravity-
strength laws, comparing virgin-
growth and second-growthtimber, de-
termining the effect of growth condi-
tions an properties, and studying the 
variability of wood. 

The tests were made inaccordance 
with Specification D-143 of the Amer- 
ican Society for Testing and Materi-
als. The tests included both green and 
air-dried material. The air season-
ing was accomplished by open piling 
the stock in a covered shed, open at 
the sides to permit circulation. The 
specimens were 2 by 2 inches in cross 
section, except the specimens used for 
radial and tangential shrinkage, which 
were based on width measurements 
of pieces 1 inch thick, 4 inches wide, 
and 1 inch along the grain. Bending 
specimens were 30 inches long; others 
were shorter, depending on the kind 
of test (fig. 15). The results obtained 
on Alaska woods are consequently di- 
rectly comparable with those of tests 
reported in Wood Handbook ( 41 ). 

Explanation of Tables 2, 3, and 4 

Table 2 presents the average test re-
sults of the Alaska woods for each lo-
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Figure 15.--Small ,  c lear  specimenundergoing 
s tandard s ta t ic  bending tes t .  

cality from which specimens were ob -
tained. In a few cases this permits 
comparing mate rial from two sections 
of Alaska. Table 3 presents similar 
data on some of the same species 
grown in other parts of the United 
States, and thus, in conjunction with 
table 2, affords a basis for comparing 
the strength of Alaska-grown wood 
with that of the same species from 
other regions. 

Table 4 presents the average results 
of all comparable tests made by the 
Forest Products Laboratory on woods 
that grow in Alaska, and in addition, 
other data on well-known species. 
Previous studies by the Laboratory 
have shown that the average results 
for material from alllocalities tested 
is abetter criterion of the properties 
of material from any untested site 
than are the results of tests from 
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seemingly similar sites, as appraised 
by the usually recorded characteris-
tics, Table 4 represents the best es- 
timate of the true average for each of 
the species, and accordingly affords 
the best basis for comparing the vari-
ous species. 

The first line of figures for each spe-
cies in tables 2, 3, and 4 are the re-
sults of tests on green material; those 
in the second line are from tests of 
seasoned material adjusted to an av-
erage air-dry condition of 12 percent 
moisture .

Precautions to be Observed 

in the Use of Data 

The test results obtained in studying 
the properties of clear wood are de-
pendent on the size and form of test 
specimens, the rate of loading, and 
other factors entering into methods 
of testing, and in seasoned material 
on the moisture content. Care should 
accordingly be used in attempting to 
compare the data with that from other 
sources in which a different test pro-
cedure has been used. 

The dataintables 2, 3, and 4 are pri-
marily for the comparison of species 
in the form of clear lumber. 

Variation in Strength of Wood 

Variability is a characteristic of all 
materials, although there may be wide 
differences in its magnitude. The 

living tree is subjected to numerous 
influences that have a bearing on the 
wood produced, and it is not sur-
prising as a result that even the clear 
wood is often regarded as a variable 
product. The influences acting on the 
tree include the amount of sunlight, 
type of soil, temperature, rainfall, 
heredity, and the like. Fortunately, 
the variations in the properties of 
wood usually bear a relation to the 
specific gravity or density, and in 
some cases to physical characteris -
tics, such as proportion of summer-
wood or rate of growth, so that in 
cases of importance, selection meth-
ods can be used to secure wood of de-
sired properties to meet any given 
requirements. Accordingly, the vari-
ability which is usually thought of as a 
liability may actually become an as-
set, particularly inasmuch as a range 
in properties permits adaptation to a 
range of uses. 

Basic  Stresses  

Basic stresses recommended by the 
American Society for Testing and Ma-
terials for clear lumber of the more 
common domestic structural species 
are presented in table 5 ( 1 ). These
are applicable to long-time loadings 
and since factors of safety are in-
cluded in their derivation, they re- 
quire only application of the grade 
strength ratio to become working 
stresses for design, 

The strength ratio of a grade repre-
sents the remaining strength after 
making allowance for the maximum 
effect of the permitted knots, cross 
grain, shakes, and the like on a green 
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piece. Thus, a strength ratio of 75 
percent applies to a grade in which the 
maximum reduction in strength from 
that of green, clear wood is 25 per-
cent.

Working stresses for any grade of 
structural lumber are found by multi-
plying the strength ratio by the basic 
stress. Basic stress is a generalized 
working strength value for the clear 
wood of a species. It contains all of 
the factors appropriate to the nature 
of structural lumber and the condi-
tions under which it is used, except 
for those characteristics which are 
accounted for in the strength ratio. 

General Discussion and Deductions 

The sampling and testing of Alaska 
woods has not been extensive enough 
to afford as complete an appraisal of 
the properties and range of properties 
as might be desired, because appre-
ciable differences in properties may 
occur even in adjacent localities. In 
planning the study, however, it was 
necessary to keep the work within cer-
tain definite limitations, similar to 
those used in the general study of the 
properties of woods grown in other 
parts of the United States. It is felt 
that properly interpreted, the results 
are a valuable means of appraising the 
properties and establishing design 
values .

Tables 2 and 3 show a fairly close 
agreement in strengthvalues obtained 
for certain species in Alaska with 
those for lots of the same species 
from other regions. Considering the 

aggregate of six of the most important 
strength properties, this similarity is 
evident in the western hemlock from 
Cordova, Alaska, compared with that 
from Washington and that from Or-
egon; in balsam poplar from Gird-
wood, Alaska, compared with the 
shipment from Bennington County, 
Vt . ; and in Sitka spruce from Gird-
wood and Ketchikan, Alaska, com-
pared with the two shipments from 
Oregon.

Of the various species tested, only 
western redcedar shows a difference 
as great as 10 percent in average 
properties in favor of any shipment 
from other parts of the United States 
In this case the material from Snoho-
mish County, Wash., was about 10 
percent higher in the average of sev-
eral properties than that from Ketch-
ikan, Alaska. At the same time the 
Alaska western redcedar  averaged 
higher by about 7 percent than did that 
from Missoula County, Mont. These 
differences may be due to change in 
sampling, or at most, can be regard-
ed as applicable to the particular and 
immediate sites from which the sam-
ples were taken. They should not 
necessar i ly  be interpreted,  however ,  
as representing the relative strengths 
of this species in these respective 
general geographic regions . 

On the other hand, in six cases the 
averages of the Alaska material, by 
localities, are 10 percent or more 
higher in the principal strength prop-
erties than certain individual ship-
ments from other regions of the United 
States. These cases are found in 
Alaska-cedar ,  mountain hemlock,  
western hemlock, and Sitka spruce. 
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In considering the causes of variations 
inproperties of wood, it may first be 
observed that there are many factors 
affecting tree growth. Immediate site 
factors, such as soil, soil moisture, 
and competition for light and food, 
are subject to large variations within 
small areas, and are further subject to 
large variations within the life of the 
tree. Their effect, withinthe normal 
range of a species, is seemingly of 
greater importance than geographical 
location, as is shown by significant 
differences in strength properties of 
samples of a species from adjacent 
areas and from the inner and outer 
portions of the same tree and simi-
larity in strength of samples from 
widely separated regions. 
A specific example is noted in Sitka 
spruce. Tests show differences be-
tween averages of samples from two 
localities in Oregon of 12 percentin 
specific gravity and 20 percent or 
more inmodulus of rupture, which is 
severaltimes the probable difference 
that would be expected considering all 
Sitka spruce as belonging to the same 
population. In contrast, the average 
for samples of Sitka spruce from near 
Ketchikan, Alaska, tested in a green 
condition, was identical in specific 
gravity with that of one of these groups 
of samples from near Portland, 
Oreg. , and was within a few percent 
in modulus of rupture. These and 
similar observations lead to the gen-
eral conclusion that, in the absence 
of specific data concerning any given 
lot of material, the general average 
of all material for the species is a 
more reliable estimate of the strength 
properties than data on samples from 
adjacent localities or from sites that 
appeartobethe same. This does not 

mean, however, that there may not be 
differences apparent in the grade and 
quality of wood from different stands, 
such as prevalence of defects, sea-
soning characteristics, and the like, 
sufficient in importance to justify 
marketing preferences . 

The whole problem of the effect of 
region, site, and conditions of stand 
on wood properties is an exceedingly 
complicated one, and sufficient data 
are not available nor has sufficient 
study been made to attempt a final 
appraisal. The data show quite con-
clusively that the mechanical prop-
erties of woods from the coastal for-
ests of Alaska are fully the equal of 
those of the same species grown else-
where. Moreover, the growth con-
ditions appear to be favorable to the 
production of timber of good strength 
properties . 

The average strength values for the 
species given in table 4, which are 
based on all comparable tests made at 
the Forest Products Laboratory, are 
accordingly recommended as a basis 
for species comparison. They may 
likewise be usedinwood design where 
the properties of clear materialare 
required or as a basis for arriving 
at safe working stresses for struc-
tural timbers. Comparisons with 
other species not listed in table 4 may 
be made by reference to Wood Hand-
book ( 41 ). 

Taken as a whole, the information 
presented in tables 2, 3, and 4 shows 
that the different Alaska species have 
a large range in properties and are 
available to fill many diverse demands 
in addition to the pulp and paper possi-
bilities, which offer the most signifi-
cant outlet for Alaska woods. 
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APPENDIX

Table 1.--Comparative terms used in describing wood properties 

Index : Specific gravity or weight : Descriptive terms for--
figure :---------------------- --------------------------------: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

:Classification limits:  Descriptive terms:Strength in bending: Stiffness
: (specific gravity) : : and compression : 

------ : - - - - - - - - - - - - - - - - - - - - - - - : - - - - - - - - - - - - - - - - : - - - - - - - - - - - - - - - - - : - - - - - - - - - - - - - - - - -

1 . . . . . : Below 0.20...........:Extremely light. . :Extremely weak . . . . . :Extremely limber
2 . . . . . : From 0.20 to 0.25 . . . . : Exceedingly light :Exceedingly weak. . . : Exceedingly limber 
3 . . . . . : From 0.25 to 0.30 . . . . : Very light . . . . . . . . :Very weak . . . . . . . . . . :Very limber 
4 . . . . . : From 0.30 to 0.36 . . . . : Light. . . . . . . . . . . . : Weak. . . . . . . . . . . . . . . :Limber
5 . . . . . : From 0.36 to 0.42 . . . . : Moderately l i g h t . :Moderately weak . . . . : Moderately limber 
6 . . . . . : From 0.42 to 0.50 . . . . : Moderately heavy.:Moderately strong . . : Moderately stiff 
7 . . . . . : From 0.50 to 0.60 . . . . : Heavy. . . . . . . . . . . . : Strong. . . . . . . . . . . . . : Stiff
8 . . . . . : From 0.60 to 0.72 . . . . : Very heavy. . . . . . . :Very strong . . . . . . . . : Very stiff
9 . . . . . : From 0.72 to 0.86 . . . . :Exceedingly heavy: Exceedingly strong . : Exceedingly stiff

10. . . . . : Above 0.86. . . . . . . . . . . : Extremely heavy..: Extremely strong...: Extremely stiff 

1 . . . . . . . . . . . : Extremely soft . . . . . . . . . . . . . . : Extremely low . . . . . . . . . . . . . : Extremely small 
2 . . . . . . . . . . . :Exceedingly soft . . . . . . . . . . . . . : Exceedingly low. . . . . . . . . . . : Exceedingly small 

4 . . . . . . . . . . . :Soft. . . . . . . . . . . . . . . . . . . . . . . : Low. . . . . . . . . . . . . . . . . . . . . . . : Small
5 . . . . . . . . . . . :Moderately soft . . . . . . . . . . . . : Moderately low . . . . . . . . . . . . :Moderately small
6 . . . . . . . . . . . :Moderately hard . . . . . . . . . . . . : Moderately high. . . . . . . . . . . :Moderately large
7 . . . . . . . . . . . :Hard. . . . . . . . . . . . . . . . . . . . . . . : High. . . . . . . . . . . . . . . . . . . . . . :Large

9 . . . . . . . . . . . :Exceedingly hard . . . . . . . . . . . : Exceedingly high . . . . . . . . . . : Exceedingly large
10. . . . . . . . . . . :Extremelyhard . . . . . . . . . . . . . : Extremely high . . . . . . . . . . . . :Extremely large 

3 . . . . . . . . . . . :Very soft . . . . . . . . . . . . . . . . . . : Very low . . . . . . . . . . . . . . . . . . : Very small 

8 . . . . . . . . . . . :Very hard . . . . . . . . . . . . . . . . . . : Very high . . . . . . . . . . . . . . . . . : Very large 

2....: Very easy . . . . . :Very good .:Very easy. . . . . :Very high.. . :  Very easy.. . . . :  Very high 
4. . . . : Easy. . . . . . . . . . : Good. . . . . . : Easy. . . . . . . . . . : H i g h . . . . . . . . :E a s y . . . . . . . . . . : High
6. . . . : Moderate. . . . . . : Moderate. . :
8. . . . : Difficult. . . . . : Poor. . . . . . : D i f f i c u l t. . . . . : L o w . . . . . . . . . :D i f f i c u l t . . . . . : Low

10. . . . : Very difficult: Very poor . : Very diff icult:  Very low.. . . :  Very difficult:Very low 
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:

Moderate. . . . . . : Moderate. . . . :Moderate . . . . . . :Moderate


























