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INTRODUCTION

_ White fir lumber, & relatively new wood f rom western United States,
1s now found quite generally in eastern and middle-western markeis.
Iis introduction into these markets has been in the form of common

! Acknowledgment is made of assislanee reveived from muny members of Lhe Foresl Service, especinlly
1o E. M. Davis, Forest Produets Laboratory, for the detuiled information on eharmeleristic defeels of white
fit, und to M. 1. Bradner, Forest. Region 1, for the Informatlon on white fIr from Idwho. Further nckpowl-
edgment iz mude 16 the Mountaln Pine Sales Association for conlributed photographs,

f Tha Forest Produets Laboratory {s meinteined by the U.8. Duparunent of Ageienlture at. Madisan,
Wis,, in cooperation with the University of Wisconsing the Californin Forest Experiment Siation at Berke-
ley, Calif., in eooperativn with ths Univarsity of Californis,
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boards and dimension. A number of questions immediately arise
with the entrance of a little-known wood into the lwuber markets.
Tae consumer c(;iuite naturally wants to know how the new wood com-
pares with woods with which he is familiar. White fir is no exception
to the rule, and there is a demand for information on the properties,
the adaptability, and the suitability of the wood for various uses,
especialgf small-house construction.

The purpose of this bulletin is to furnish detailed information on
the properties and characteristics of the wood of white fir, for the
assistence of consumers and manufacturers in determining the suite-
bility of this wood for specific uses.

The name “white fir’” is applied to lumber of several species of true
firs®  About seven eighths of the lumber marketed as white fir, how-
ever, comes from two species, and all but & small percentsge of the
total is produced in Californis and Iduho. These two spacies are
lowland white fir (Abies grandis), cut chiefly in the “Iniand Empire” *
and redwood region of California, and white fir (A. concolor) cut
mainly In the Sierras of Californiz. This bulletin deals primarily
with the properies and uses of wood of these two species. :

The confusior caused by the nse of the name *“white fir” for other
true firs cannot be eliminated entirely, for it is not always possible
to segregate by species cumbined data on the true firs. The following
nomencﬁlture is used 1n the text of this bulletin to eliminate insofur
as possible the confusion of species names:

True firs: The free or lumber of all Ables species collectively.

Western true firs: The tree or lumber of all Abdes specics growing in the western
United States considered collectively.

Eastern true firs: The tree or lumber of all Abies species growing in the castern
United States; namely, baleamn fir end southern balsam fir.

Commercizl white fir: Collective naine for the lumber of a group which may
include any of the commercial species of western true firs.

White fir; The tree, timber, or lumber of white fir {Abies conesior) and lowland
white fir (A. grandis) considered logether,

White fir (Abies concolor): The tree or Jumber of the species white fir {1, con-
color) Dy itsclf.

Lowland white fir: The tree or lumber of the species lowland white fir (L1,
grandis} by itsclf,

The figures in this bulletin showing mechanical and other properties
of wood are based on material carefully identified as to species and
the names are those used by the Forest Service® for the trees from
which material wsas cut.

SILYICULTURAL IMPORTANCE
LUMBER CUT

The Bureau of the Census (27} reports the 1929 lumber cut of western
true firs as 307,000,000 board feet. This inciudes the cut of five
species—white fir (Abies concolor), lowland white fir, silver fir, Cali-

# The true firs balong to the getus Abier s contrasted with Douglas 0r, which is oot g iy aod belongs to
the gonus Prend The names of the true rs are; Soutiern balsam fir, balsam fir, Alpine
O, eorkburk fir, lowiand white fir, white fir, sil ver fir, noble 8z, Californin red fir, aod hristiscons Or. .

¢ Northwestery Montuos, Idube north of the Salinon River, Washlngton esst of the Cascarie Monoining,
and the norilesstern tip of Oregon. )

- The psmies employed by the Ferest Servica (2/)9 for luimber and for trees from which it |s cut are used
throughont this buliatin.

& Itulic outnbers in parentheses refer to Literalure Cited, p. 76,
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fornia red fir, and alpine fir, and is slightly more than 1 percent of
the total softwood lumber cut. The annual limber cut of the
western true firs has remained ap-
proximately constant since 1992, vess
averaging about 314,000,000 board /905
feet (fig. 1). About two thirds of
the lumber cut of the western true
firs comes from California, about
one fourth [rom Idaho, and the
small remainder is principally from
Washington, Oregon, and New
Mexico (fig. 2, A).
"~ Table 1 shows by Statcs the
total, average, and percentage cut
of the western true firs for the
rears 1927, 1928, and 1926,

hese values differ from those in
figure 2, which is based on & 5-
Year average. Figure 2 shows
that the cut of the true firs by
States is not in proportion to the
stand, consequently it is to be - FR—
expected thet the Staies other 0o zoo 300 ao0
than California and Idaho will MILLIGN BOARD FEET
eventually produce an increased FiGuRE |.—The cut of western trua firs by yesrs.
percentage of true fir lumber ang it includes some species not generally soid as

white fir.  No dnta by specles sre aveilahl: but

the percentage of cut and stand i b estimated that over 65 percent of the out s
will "be more neaﬂy equahzed. \«:(i)ili’;e \ﬁrx © fir {sibiex concolory and lowize

TARLE 1.—Average and percentage cul by States of the western irue firs, 1987-29

Fer- Per-

Aversge Average
out, 192729 cut, 1427-%9

Board qfed Boagrd feet
42, 15, 813, 000

L . 373, 0

Colorade. ... ._.........0. . Washington oo 22, 800,000

Idaho. . . .- E X Wyoming. 55,060

Montrnn, . - 34,000 .

New hlaxi - l . Total .| 203,021,000

T Liss than .1 pereent.

About 80 percent of all the true fir lumber cut in Californis is white
fir (4bies concolor). About ¢ percent is lowland white fir and about 1
percent is California red fir. “The lumber from Idaho sold as white
fir is & mixture of several speeies, lowland white fir predominating.
Oceasionally a small amount of alpine fir is included.

WHITE FIR FORESTS

The stand of western true firs (p. 2) in 1931 is approximately as
shown in table 2. The botanical ranges of white fir (Abies concolor)
and lowland white fir are shown in figure 3. The limifs of the ranges
shown on the map in figure 8 represent the entire known spread of
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each species irrespective of whether or not it gccurs in commercial
size or commercial quantities. Probably less than half of the total
stend is considered as commercial by lumbermen at the present time,
the limiting factors being east of accessibility and percentage of more
velueble species in mixture with the western true firs. In the range of
white fir (4. concolor), few stands bave been exploited where the pro-
portion of pines was less than 50 pereent.

TABLE 2.—Estimated virgin stand of weslern true firs by species

[Ravised estimates made by the Focest Servios, 1931]

Approxi-

Commen pame Botanical name

White fir Abies coneotor o
} 11,20

346, 340

A, grandiy

L8, 674

{C alifornin (2_‘.3, 300

{regon

Silver fir and ooble fic........ W ashington. .. ..

.Y | -

Alpioe fir e A, lagiararpa J

Todul. .. PO . . ——-

! Includel with lowland white fir. $ Tneludes white fir {Abies concolor).,
t [nelnded with alpine fie, 4 Included with noble sod silver fr.
2 Inetades eorkbark fir. & Incitdes alpine fir and red fir,

In parts of its wide range in Californis, white fir (Abies concolor) is
assoclated in the forest with sugar pine, ponderosa pine, incense
cedar, red fir, Douglas fir, and Jeffrey pine (fig. 4). Proportions of
each species per acre and size of timber In a mixed stand of the sugar
pine-white fir type are given in table 3. Qccasionally in this type of
stand white fir (4. concolor) trees measure 6 feet or mora in diameter
(fig. 4, (") and 200 feet in total height. In nerthesstern Californis and
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south-central Oregon, the forest is largely pure pondercsa pine and
ponderosa pine-white fir. In this area, as a whole, the virgin timber
stends of the types now considered merchantable will average about
20 percent white fir (4. coneolor), 7 percent Douglas fir and incense
cedar, and 73 percent ponderosa pine and suger pine. The jargest
white fir (4. concolor) trees in northesstern California are rarely over
40 inches In diameter or greater than eight 16-foot logs in merchant-
able heights. The bulii of the timber now logged from- this area

ATHERS —1 % NEW MERICO AND
ARIZONG~ 40

BASED ON 5-VEAR AviRAGE (1929 -29) BASED G 1927 ESTIMATE OF
OF 3/3,187,000 30ARD FEEY 108.529,006,000 80ARED FEET
LECEND
PRINCIPALLY WHITE FIF
0 PAMICIPRLLY TRUE FIRS OTHER THAN WHITE FiR
FIGURE 2. -The anpuai lainber cut and the spw-timber stpnd of western Lrae firs: A, Cul of trie western
fies by States: &3, stand of true western firs by States.

varies between 16 and 36 inches in digmeter and averages nbout seven
16-foot logs to a thousand feet, net seale.

TaBLE 3-—Average number af trees of each species by size growps, volume per acre,
and mazimunt size of trees in q stand of the sugar pine-white fir (Abies comcolor)
type on the western slope of the Sierrn Nevada Ronge

Mauaximum size of

|
f ‘Prees por nere ot A digmeler, ¢
tree In SLART

! breast helght of— Vatune per aere

2 inches D
4 and over | Percend- [Drinmerer
z;:,éﬁ;st ;iéngi;gf dinmeter | sue of brosst
trenst kol al high
hipt

Nymber | Number |Board feet] fPeveent Inckey | Nuwmbe
Ineense codar.. oo o ... .. 34 28 . &, (36 1.2 #4 3
Sugar plne..________ . 3. 2.51 2,54 0, 474 4.4 80
Pandeross pine ... . ... . ] 1. 45 1. 30 11, 0H i 7 74
While Ir,{sibies concolor). . ... 4 £33 150 X, 585 BT 85 '

' The everape white fr {Adier concofor) 105 produced 344 board feet, aet log scile, by the Seribner dezumal

C rifla or 364 hoard feet, mross lop scalp,
gross oy seale, 275 to each 1,000 bounrd feet.

6 the net sente the lops nverared 2.0 to ench LO00 huerd feet;

Being quite tolerant of shade, the branches of white fir persist on
the lower part of the trunk until maturity, resulting in a much smaller
percentage of select grades than is commonly obtained from the pines.
In addition many of the logs that would qualify for this grade on the
basis of size and clearness contain so much decay that they are left in
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the woeds. In the pines, 2 and 3 grade 1 logs are fairly frequent in
mature trees, but it is exceptional to find 2 clear logs 1n a white fir
tree. In a typical stand in Tuolumne County, Calif., only 9 percent
of all white fir (Abies concolor) logs brought to thie mill could be
classified as grade 1. Of the remainder, 52 percent were grade 2

LEGEND
LOWLAND WHITE FIR (Bbies grondis)
I WHITE FIR (Abies corcolor)

Froung 3.—Disiribution of white fr (Abiez roncolor) aod lewland white fir in the Uniled States (80},

logs of the small-knotted common type and 39 percent were grade 3
ol the large-knotted common type. .

Lowland white fir {p. 2) is second of the westorn true firs in amount
of lumber cut. About one twelfth of the stand and one fourth of the
cut of the true firs arc of this species. The botanical range includes
southern British Columbia, western Montana, Idaho, Oregon, Wash-
ington, and northwestern California (27). The species seldom occurs
in pure stands with the exception of small aress.

In the Inland Empire the lowlend white fir tree on the best sites
attains a diameter of 3 feet and a maximum height of about 140 fees.
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FIGURE 4.—d4, Mixed su%ur pine, ponderosa pine, and white fir virgin forest on the Sierra Nevada Range. The darker, rough-barked tree near the man in the {ore;g-jound is a white fir
érzéebiég gtmclt;ulori').d'Thetl‘eghter-colored tree with smooth bark is ponderosa pine. B, Mature and overmature white fir (4. concolor) left on logged area. C, A white fir (4. concolor)
inches in diameter,

N
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The average mature trees to be found on any site are usually not over
18 inches m diameter and 80 feet in height (5). In California it is
associated chiefly with redwood and Douglas fir. It forms only
about 3 percent of the stand. Here on the better sites, it ETOWS some-
what taller then white fir {Abies concolor), but seldom sttains s diam-
eter greater than4 feet. Itis less tolerant of shade, has more clear
length, and is less defective than white fir (4. concolor) of California

EFFECT OF WHITE FIR ON FOREST MANAGEMENT

The lumber user, for whom this bulletin has been primerily pre-
pared, is not particularly interested in the forest-management
problems of the silvieulturist and the lumberman. Furthermore,
within the wide rangs of the western true firs (p. 2) the numerous
variations in silvicultural and lumbering problems arising from the
many local varintions in climatic, stand, and topographic conditions
and lumber-marketing considerations cannot adgquateiy be covered
In anything less than a separate bulletin. However, & brief discussion
of some of the more important aspects of timberland management in
the region where most of the white fir lumber is produced will give
the consumer an enlightening perspective of the unsuspecting pert
he plays in the sphere of western forestry when he buys white fir
bonrds or dimension from his Jocal retail dealer.

At present, most of the private timberland operators in the West
have not made any consistent attempts to operate on & sustained-
yield basis. Their cutting systems are usually based exclusively on
two factors, namely, comparative lumber values by species, and defect,
that is, the cull materialin the trees. The species showing the highest
average values are cubt heavily, usually to very small tree-diameter
bmits. Only badly defective trees are left standing. Species of
low average value are cut lightly or not at ail. A few operators have
recently modified their cutting practices to some extent with the idea
of leaving a better reserve of growing stock, but by and large, the
current profit margin derived from deducting average woods-run
costs from average mill-mun species value determines the cutting and
utilization rules to be followed by the woods crews.

When the average selling value of white fir lumber is below the
average production cost, &s it has been in the past, cutting principles
based on lumber values and defect neturally lead to forest deteriora-
tion in stands containing a large propoction of white fir. With trees
of the more valuable species above 12 to 18 inches in diameter prac-
ticelly all removed, the second cut must necessarily be confined to
the less valuable white fir. If the white fir were inherently resistant
to decay and tree-killing insects and were preponderantly sound and
thrifty in the mature classes, the result would not be so serious, but
unfortungtely the situation is not so favorable, directly the reverse,
in fact, in the pine-white fir (Abies concolor) types of the Sierra
Nevada.

Al things considered, ihe evidence is convincing that the older white
fir trees not removed with the first cut from the virgin forest will be
practically & total loss before the second cutting tekes place. But
this is by no means the really sertous result of such practice. Deca-
dent and diseased trees occupy root space and use soil moisture just
as truly as sound trees, regardiess of the fact that they are contribus-
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ing nothing to the net increment of merchantable wood, Thus they
continue to returd the growth of surrounding young trees and detract
further from the potentisl yield of the site. Badly diseased irees
are also an added menace as prolific centers of infection.

Arother undesirable consequence following the removal of only the
pines in & mixed pine-white fir stand is the effect on the composition of
future yields. White fir is usually a more prolific seeder than its
associated species, the seedlings are more tolerant of shede, and it is
persistent. From these factors it follows that s preponderance of
white fir left on & cut-over sves now will most likely result in pre-
ponderance of white fir in succeeding generations.

White fir lumber undorbtedly will bring- greater returns in the
future than it brings at present, but it is ha.r(ﬁy conceivable that it will
ever be as valuable to the commonweslth as pine Iumber, considered
from the standpoint of uses as we are able to visualize them at present.
If the greatest value is to be realized from future forest cvaps, there-
fore, the plan of management should incorporate whatever measures
appear to offer the greatest likelihood of increasing, or st least of
holding even the present proportion of more valuable species in the
virgin stand.

The guestion now arises—Why has the selling price of white fir
lumber, in normal times, been below the cost of production? This
1s a fair question because white fir Jumber Is intrinsically worth enough
more than the price usually received.for it to wipe oub the operating
deficit and thus allow the species at least to pay its way.

A complex of factors leading to over production of competing species
and consequent demoralization of selling prices, combined with con-
siderable prejudice tracesble to unsound manufacturing and mer-
chandising practices have made the price of ‘white fir fumber what it
15, rather than any inherent inferiority of the wood itself. White
fir 1s now giving and has given satisfactory service wherever it has
been properly munufactured, thoroughly seasoned, and intelligently
used. Trouble has followed when it has been nailed in place in & green
or half-dried condition, when it has been used in situations favorable
for the development of wood-rotting fungi, when the wrong grades,
types, and sizes of material have been substituted for the classes of
stock that should have been used and when careless workmanship
has resulted in the failures inevitably following a disregard of sound
fabricating and construction principles.

Just as white fir occupics an important place in the general scheme
of forest management wherever it occurs in appreciable quantities,
so likewise should it occupy a position of importance in fulfilling
many reguirements of wood users. It is hoped this bulletin wiil
help prevent in the future many of the abuses to which white fir has
‘been subjected by describing its qualifications for particular purposes,
and by explaining its peculiaritics and limitations so that the consumer
may know when and how it should not be used as well as when and
how 1t should be used.

From the standpoint of sound forest management in the true fir
types, it is highly important that the evils lying at the root of the
existing prejudice against white fir lumber in many quarters be
speedily corrected. ’
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MERCHANIDISING PRACTICES
DISTRIBUTION OF LUMRBER CUT

The Mississippt Valley States are the largest consumers of white
fir lumber (p. 2) and take about one third of the annual eut. Cali-
fornia consumes about one fourth of the total annual cut and abeut
seven eighths of the cut consumed in Californta is home grown. The
Inland Empire produced about one fourth ol the total annual cut but
uses less than any consuming region except the Pacific Northwest.
Over one half of the white fir 1s shipped to distant marltets {(table 4).

TanLe 4.—Distribution of the lumber cu! of the western true firs ' by regions

Shlpped from— Can-
sumptlon

of the

lotal
Place of uze Whash- | Roeky Total | produe-
Catlifor- | Inland | ington | Monn- tion lor

nia Empire aod tiin the
Qregon | States United

Stntes

M baard | M board | AF bt | AF bourd | M borrd
vel :

feed feet feel Pereent

L Tt RN 1y, 374 36 81,714 27,9
Other Stotex wust of Rocky Mountalng. ... i, HG 735 10, Goe 3.4
Rocky Mountain States. . . - &, M T §7, 177 8.1y
Proiria SIRYES . een e s 14, 875 L) 27, 030 .3
Alississippl Volley Slale 5, tHki 40, 343 10, 217 R ]
Atlantie const 15, 1K) 24, 5l 46, BiT 10.0

V3.t R [ (U, 203, 021 100.0

1 While fir, lowland white fir, silver fir, California red fie, and nipine fir, eollectively reported by Lhe
Bureau of Lhe Census uoder the name “white fir.”

PERCENTAGE OF THE CUT GOING INTO VARIOUS LUMBER ITEMS

White fir has gained its greatest popularity as construction materinal
for small buildings, particularly as framing. For this reasen, over
one half of the total white fir production in California is now made
into small dimension, chiefly of the 2- by 4-inch and 2- by 6-inch sizes.

Most of the select grades in white fir are usually square-edged stock
although various patterns, such as ceiling, siding, and baseboard are
also made in the select grades. Heavy construction timbers are
manufactured frequently to fill specinl orders, There has been little
attempt made so fur to supply the general marlket for large sizes as
n regular mill practice. Ties are procuced regularly for use in
logging railronds.

Table 5 shows the approximate distribution in the various lumber
items of white fir marketed from California iz 1931. Ties, timbers,
:m(% other material used in. the manufacturers’ own operations are not
included.
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TasLe 5—Percenlage of while fir Sfram. Califernie going inlo various classes of
sawmill products

Item and grade

Select Square edli{ed and putt.ems,.sueh as basehoards, siding, eeiling, nnd flooring | Pereent
of I aod betber grade

Fad

o
ereniren bl

E

No. 2 nad batter 134 and 134 inches. .

. - 5
Dimension *.... [ 220 3 209 butter miscelltneons. ..

{Nn. 2 and beller 1%e end 154 inches

e
&

Jun
Bz o
oo |l o

Nuo. 4 common....
Mo, 5enmmon. .,
Box haraher and bo:

No. § and hotter commen?_
Common

Timbers...._...| End dimensions of nli sizes. Blostly loss than 24 fect in longtis .. _____

! "Ties, timbers, and lumber used by gporniors are nol ineluded.
? Largest singia flem in small dimension s tho nomingl 2- Ly +inch size.
3 Includes shiplup, Longue and groove, fooring, and roofing,

SIZES IN WHICH COMMORNLY MARKETED

Most of the nominal 2-inch white fir dimension shipped to the East-
ern States is surfaced to 1%; inches in thickness. American lumber

FiGure 5.—A mediumsized mill operating {n g‘xi?i?d pine and white fir {Abies concolor) type in centiral
nitfornis,

standards thickness of 1% inches may be obtained at 2 somewhat
higher price but the bulk of all shipments is of the substandard size.
This practice originally became established in the manufacture of
pine dimension for box lumber, For surfaced 1%-inch dry dimension,
green planks must be cut 1% inches thick, which means greater waste
i later made into box shooks or sold as 6/4 box lumber. At the time
of sawing (fig. 5) it is difficult to foretell whether a box demand or &
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dimension demand will prevail later in the season, therefore the mill
man cuts this stock so that it may serve s dusl purpose.

An opposite departure from American lumber standards is the
extra-standard white fir dimension marketed in the San Jeaquin
Valley of California by six nearby mills. This is surfaced to 1% inches
and 1% inches in thickness. This oversized stock, known localiy as
“Valiey dimension’, is produced specifically to compete with naturally
stronger woods,

MOISTURE CONTENT OF LUMBER AS MARKETED

The marketing of white fir in a half-dried condition is responsible
more than any other thing for the current prejudice against white fir,
The Iumber manufacturers can remove a large part of this prejudice
through proper sessoning. If they sell only good and dry white fir
lumber, there is no apparent reason why & larger demand will not be
forthcoming.

It has been common practice at some mills to machine and ship
white fir for local use at a moisture content of more than 25 pereent of
the weight of the dry wood. Much of such material is not green in
the sense that all of the moisture is present that was in the log when
the tree was cut, which may have been from 109 to 200 percent, bué
it is practically equivalent to green lumber from the shrinkage
standpoint {p. 12}, and will be unsatisfactory if built into construction
without further seasening. Much partially seasoned white fiv lumber,
that is, lumber having an average moisture content of about 18 per-
cent, has also been marketed. As a rule, luraber for enstern shipment
has been more thoroughly sepsoned than lumber sold locally because
railroad freight charges on lumber are based on weight and therefore
the longer the haul the more profitable it is to season the lumber
thoroughly before shipment. . If the lumber is shipped directly after
removal from the green chain, the enfire cost of extras handling and
seasoning is saved, which means an apprecisble reduction in total
operating expemse, buf since unseasoned white fir lumber, or any
unseasoned lumber for that matter, is unsuaited for most of the uses
to which the species is best adapted, such praciice results in dissatis-
faction on the part of the consumer and ultimately loss to the manu-
facturer. On the other hand, well-seasonsd white fir is obtainable
from relisble mills and relisble lumber dealers when well-seasoned
fumber is specified.

HOW TO DISTINGUISH WHITE FIR FROM OTHER WOODS

The exceptionally fiat, whife color of the spring wood makes it
easy to distinguish white fir lumber (p. 2) from that of all but a few
woods. Douglas fir, the pines, cednrs, eypress, and redwood are all
readily distinguished from white fir by color differences, The other |
true firs, hemlocks, and spruces, however, are light-colored woods
which are not so easily distinguished from white fir. As a matter of fact,
there is no known method of positively distinguishing the wood of
white fir {rom that of the cther true firs even with the aid of & nidero-
scope. The wood of white fir can be positively distinguished from
the spruces by the resin ducts in the latter. Resin ducts are normally
absent in white fir, The hemleeks are distinguished from white fir
by their darker color. Individusal isolated specimens, however, are
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diflicult to identify on the basis of color alone, and positive identifica-
tion can only be made by structural differences visible under the
microscope.” Where white fir and western hemlock lumber are
mixed, as they often are, it is compearatively easy to distinguish
white fir by the flat, white color of spring wood which contrasts with
the darker color and silky sheen of the western hemlock. In addition
the summer wood imparts a bluish-purple tinge fo white fir and
occasional trees yield ?umber of a decided grayish hue. Although
such material is quite unlilte the general run of white fir in appearance
it is, so far asis %nowu, i no way infericr for general use.

DESCRIPTIVE PROPERTIES OF WHITE FIR
STRUCTURE. COLOR, AND ODOE OF WOOD

The snnual rings of white fir (p. 2) sve distines, consisting of
wide bands of spring wood and narrow bands of summer wood (pﬁ 1)
The spring wood merges gradually with the summer wood. The
result 1s & distinet though not pronounced figure that is similar to the
figure of the spruces and the hemlocks. The figure is enhanced with
netural finishes.  Ifs attractiveness as compared with other species is
2 matter of personal preference. The figure is not so pronounced as
that of Douglas fir but is more pronounced than that of the white
pines.

White fir is a streight-grained, fine-textured wood. While it is
described us straight grained, if, Iike many other species, contsins
some cross-grained material. The cross grain may have developed
in the trees or in manufacturing. The amount of cross grain in
white fir will prebably not differ greatly from that in the principal
softwoods,

The wood cells of white fir are fairly uniform in size. The summer-
wood cells are thicker walled than the spring wood but summer-wood
cells are comparatively few in number. The wood is therefore
described as fine textured. )

The heartwcod and sapwood contain less color than any other
of our commercial softwoods, and are therefore not distinguishable.
What color exists in the lumber of both white fir (Abies concolor) and
lowland white fir is.due to & slight reddish-brown tinge in the summer
wood {9), the spring wood of both species being flat white. Thereis a
decided preference for light-colored or white wood in & nuiaber of
uses, especially containers. This preference makes the whiteness of
white fir an ssset.

The lumber of white fir has a slightly disagreeable odor when green.
When seassoned the wood is without distindiive odor. The odorof
green wood feiled $o return when the wood was soaked in triels made
at the Forest Products Laboratory. These trials are substantiated
by tests made by the University of California (25) and by the {act
that white-fir Doxes have been used with entire satisfaction for
shipping butter. )

HEARTWOOD CONTENT

The decey resistence of both the heartwood and sapwood of white
fir is low; conseﬂiient‘ly the parcentege of heartwood m white fir has
no particular utility value. :

T Whers the necessity for such positlve identiflcution oxists sarnples may be subusitled for identiflcation
to the Forest Products Laboratory.
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ANNUAL GROWTH RINGS

White fir grows relatively fast. - The annual growth rings in the
lumber are therefore wider than those in most of the commercial
softwoods. The rings average about 12 to the inch. The select
grades average about 17 rings to the inch and common grades about
11. The width of the annual growth ring materially affects the
figure of the wood but otherwise has no great practical signifinance
in white fir Jumber because of the fairly uniform texture within each
annusal ring.

WEIGHT OF THE W00

White fir is one of the lightweight softwoods. In a thoroughly
pir-dry condition of 12-percent moisture content white fir (Abies con-
color) weighs 26 pounds and lowlard white fir, 28 pounds per cubic
foot. One thousand board feet of nominal l-inch white fir (A. con-

. color) at 12-percent moisture con-
LORCLERE PRE 3 tent suriaced to twenty-five thirty-
o ! seconds inch will weigh about 1,550
wesTEn thmen pounds in 4-inch widths or 1,600
BUCE LS Fiit fonr rree) ) pGundS it 10-inch Widths; ].OWhl.nd
WEFTERN WEHLOEH ] whita fir In Corresponding Widtlhs
EASTEAN HEMLOCH will weigh about 100 pounds mare
g : per thousand bourd foet thaa white
. concolor), e actual weig
e oo ( of white fir lumber as shipped will
snver s vary from the foregoing weights
WESTER WIITE BinE from about 4 percent lower to 10
WHITE Figis percent hicher, depending upon the
s . degree of seasoning. Othor items
5= of white fir will vary in weight be-
e wcacens oorsrone comrenr cause of degree of seasoming and
trounos) hecause the relation of actual to
Figuke 6.—The weighi of airdry white fir nominal dimension is different.
(fhiies pouioqor) vompared with the weight of - 1405 of pattern stock will weigh less
than square-edged stock because
of the materia) that has been removed. A comparison of the weight of
the wood of white fir (4. concoler) and lowland white fir with a number
of the important commercial softwoods is made in figure 6. The
comparison is made for air-dry wood of 12 percent moisture content.

There is little difference between the weight of white fir lumber and
that of the other western true firs (p. 2). About the maximum
difference to be expected in & thousand board feet of 1-inch dressed
lumber at 12-perecent moisture content of any of these species is 100
pounds. Douglas fir (coast type) lumber when thoroughly air-dried
will weigh from 400 to 500 pounds more per 1,000 board feet than
white-fir lumber. Sugar pine, on the other hand, will ‘weigh from 50
to 200 pounds less.

The light weight of white fir is one of the properties largely account-
able for the genaral use of the wood. It reduces cost of transporting
the lumber to markets, reduces handling costs, and is a desired prop-
erty in boxes and other containers,

SHRINKAGE

White fir shrinks less than most of the other important softwoods.
The average shrinkage from a green to an oven-dry condition is about
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the same as that of pondeross pine snd eastern hemiock, lowland
white fir having a larger and white fir (Abies concolor) having o slightly
smaller shrinkage than these two species. The other western true
firs, with the exception of alpine and corkbark fir, have a higher
shrinkage than white fir as do the other species that are sold in mix-
ture with white fir.

A comparison of the shrinkage of white fir (4. concolor) with the
shrinkage of other softwoods is shown in figure 7. The compsarison
is based on the total shrinkage from a green to an oven-dry condition.

Small change in dimension from swelling and shrinking is & prop-
arty desired in practically all uses, even 1n such uses as subfloors,

SHLVER FIR

WESTERN LARCH

SHORTLEAF FINE

LOSLOLLY P E
EASTERN JPRUCE
NOBLE FIR

LONGLEAF PINE

LoULLAS FIR

WESTERN WEMLOCH

WESTERN WHITE PINE

CALIFORNIA RED FIR
i OWELAND WHITE FIR E O e T o T i
EASTERN HEMLOCK

PANDEROSA PINE

WHITE FIRE cam‘o!or_—*

SUCAR PINE : 1

o 20 49 160 80 00 1z 40
SHRINKAGE (POINTS)

Fravne 7.—The shrickage of white ir (Abies concolor) compared with other species. White M (A, con-
cofor) is taken as 100 points.

sheathing, or concreie forms. In the more exacting uses, sueh as
window sash, doors, and interior trim, small shrinkage is of prime

importance. The comparison of the shrinkage of white fir (Abies
concolor) and lowland white fir with that of other woods indicates
that their shrinkage is small enough to meet the requirements of both
rough and of many exacting uses.

he average shrinkage to be expected in white fir lumber between
any given moisture conditions can be obteined from figure 8. For
example, fo determine the average change in dimension of 1 by 8
inch flat-grained white fir subflooring between 6 and 12 percent
moisture, a horizontal line through 6-percent moisture meets the
curve representing flat grain at 5.4 percent; a similar line threugh 12
percent meets the same curve at 3.7 percent. The difference between
the two values is 1.7 percent. The difference multiplied by 7%, the
actual width of nominal 8-inch bourds, gives tiie amount each board
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will shrink, which is abouf one eighth of an inch, The eurves of
figure 8 are based on measyrements made on short sections of boards
selected from the commercial run of white fir lumber af a mill in the
Inlend Empire. A convenient rule-of-thumb for determining dimen-
sion change in percentage is to multiply the moisture change in per-
centage by one sixth for edge-grained and by one fourth for flat-
%rained lureber for the change in dimension of an 8-inch flat-grained

oard. This corresponding to 8 6-percent change in moisture con-
tent would be 6 X ¥ or 1.5 percent of 8 inches, or about one eighth of
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PiGURE §,-~Bhrinkage of dal- nod elpe-prained white fir. Based on tests of i-inch beards selected from
entnereind run of lumber, ‘The chiark moy be used to determine the ehange in dimension ihat wi) take
pince with ehumpes in moisture content of woed.

an inch. In an S-inch, edge-grained board the change would be
6§X % or 1 percent, or about one twelfth of an inch.

When the muarketing practices ure considered, it is not diffienlt {o
understand why the moderately small shrinkage of the white fir has
not created a more favorable impression. The marketing of wet
or insufficiently dried wood has more than offset any advantages the
species have as a result of their inherently small shrinkage. White
fir lumber murketed at more than 25-percent moisture content, if
usged in the interior of buildings, will probebly dry to 6 percent in
moisture content when the buildings are heated. The shrinkage in
an 8-inch flat-grained board under sueh conditions is shown by figure
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8 to be about one third of an inch, which is too large a shrinkage for
most uses. So long as any large proportion of white fir lumber is
marketed before it is adequately seasoned the wood will not acquire
the reputation for small or moderately small shrinkage to which'it is
entitled.

CHARACTERISTIC DEFECTS

The cheracteristic defects ¢f a species not, only affect the appear-
ance but also determine the suitability of the lumber for specific uses,
A detailed tally was made of all defects In 20,000 board feet of
1- by 8-inch white fir (p. 2) boards. One half of the material wag
studied at 2 snills in the Inland Empire and one half &t 1 mill in
California.

There was n marked difference in the character of the defects
between the white fir Jumber from the Inland Empire and that from
California. Part of this difference was because the grades are riog
identical (p. 41) and part because of species differences. The defects
found in the lumber of the two sections are therefore presented
separateiy. Table 6 tabulates the occurrence of the principal defects
found in the various grades in the two regions.

TaBLE 6.—Occurrence of defects in 1white fir lumber us shipped from California and
the Inland Empive

Drerrrenci of defocts expressed ns perceninge of ]! boards
shdjed

Califorpin 1 Iulomndd Empire ?

Caond [No. 2 andj No.d Dand Noo i nmlI Nn. 4
Retter Betler |Common| Derrer Detter | Canmeon

Knnis . e cmm e 41 92 3 i
Checks... ... . . 16 4
Warmhnics. . ¥ a
Stalp... ... . P L 4 i &
Torn groin. . ... i i {2)
Ihurk streaks . e E a2 el
Splits, | . R T
Shake.
Wane
Dewny. _.
Pith..
Llodus. .,
Skips. .. .0 oo L [
Burn.o. ool . o Q]

! Tiased on 1,40 bnard feet principaliy of white fir Cabicy roneofor),
! Insed nn B, 400 hoeard feot prineipally of low!land white fr.
¥ Phis defert did notb nifecl the grade nnd therefore was Rot recorded,

Defects are of three genersl types: natural, seasoning, and manu-
facturing. Naturel defects develop in the growing tree. Seasoning
and mamifacturing defects develop during logging, milling, or storage.
The natural defeets are distinctly characteristic of species, Senson-
ing and manufacturing defects, on the other hand, are primarily
indicative of methods used in manufacture but do show certain
species tendencies. Thus the amount of checking found in the lumber
is dependent largely upon the seasoning mebhogs used but a species
with o large difference between radial and tangential shrinkage will
checlk more than one with more uniforin shrinkage.

21564%—g—r2
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NATURAL DEFECTS
ENOTB

The knots of white fir as compared with those of other softwoods
are ‘n general intermediate in size and number, In the mill run of
white fgn_r, the knots averaged slightly over one half inch in diameter
and there were about 1,200 to a thousand boari feet. The knots
averaged about the same size as thoge in western hemlogk, were
smuller than those in enstern hemlock, and larger than those in
Douglas fir (coast type). A large proportion of the knots in white
fir were black. They were exceptionally free from decay, but =
higher percentage were loose, broken, or checked than in any of the
other snecies studied.

The dificrence in the size and number of the knots in white fir from
California and the Inland Empire is shown in detail in table 7.
White fir luraber in the Inland Empire contained more than twice as
many knots as the white fir lumber of California. The knots in the
white fir of the Inland Empire were, however, much smaller.

Tanue 7.—Size and number of knols in white fir fumber !

K nots fier Percent-

thensand nge af n.Il
Pinee of growth Gradle et dvarags | boards
Litl]

iy the
mensure deteet

Nuwher
89

Cnlifornin

Inlnel Empire Nn. 3 and Better ..
No. 4 Common. ... ..

1 fnend an 20,000 bourd feet siidied by the Forest Produets Laborniory.

T DEFECTS

White fir is nonresinous ¥ and normaily contains no piteh pockets,
pitch streaks, or pitch in any form. .The absence of these defects is
a decided advantage where lumber is to be painted or where odor,
taste, or exudations are objectionable.

EHAKE

About 1 board in every 33 of the white fir studied contained shake.
Of the 14 commercinl soltwoonds included in the study, 4 showed less
and 9 showed more shake than white fir. Ponderosa pine had about
one third as much shake and shortleaf pine about twice as much as
white fir.  Though the amount of shake in white fir was small, when
it did occur it wns of a severe type. There was no great difference
between the shake found in white fir lumber from the Inland Empire

and that from California.
DARK BTREAKE

Darle stresks are peculinr to the western trne firs (p. 2} and
western hemlock. They consist of dark brown or black scars result-

o Qeeaslonnlly ne oresidt of injury o ires resin dnets and ek pockets are furmed,  They ure rure and
Inetifur s Ll ise of the woot] [ eopeerned, wre of ua proctical Tinportonee,
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ing {rom the attack of the fir bark beetle. In cdge-grained boards
the scars appear as thin streaks or seams ranging from a few inches
to several feet in length. In flat-grained boards they appear as small,
black bark pockets (pl. 2, 4). The streaks are so narrow in edge-
grained boards that they are not considered defects in any lumber
grades. In the common lumber neither the streaks nor the bark
pockets are considered defects. From one third to one half of the
white fir lumber studied in the Inland Empire, depending on grade,
had dark strenks. In white fir from California dark streaks occurred
in only 3 to 10 percent of the lumber. The frequency of the oceur-
rence of dark streaks js therefore a rough indicntion of the region
from which the material was cut.

DECAY

In the study of the defects in 1-inch boards decay was found more
frequently in white fir than in most woods. Ahout 1 piece in 11
contained decay us compured with about 1 piece in 10 of western
white pine and 1 picce in 24 of Douglas fir {(coast type). No decay,
however, was found in the select grades.  Practically il of the decay
found in_the better common grades of white fir from both Californin
and the Inland Empire was inciplent. Advanced decay was present
in from 4 to 5 percent of the lumber of the third grade in each region.
Pieces having either advanced or incipient decay should not be used
where strength is an important requirement.

WORMIOLES

The wormholes in white fir were principally pinholes. In the white
fir from the Inland BEmpire 1 to 6 percent of the pieces studied had
wormholes and in that from California 7 to 9 percent. Except in
certain uses of C and better grade, the wormholes are of Jittle im-
portance. The effect of wormholes upon strength is negligible except
1n very small pieces,

PITH

Pith is & defect of miner importance and occurs only occastonally
in lumber of any species. The select grades of white fir showed no
pith and it was present in only from 1 to 8 percent of the lumber of
the commeon grades,

CROSS GRAIN

The grading rules do not elass cross grain as a defect in the yard
lumber of any softwood species. No mention is muade of it in the
grading rules for white fir. Cross grain, however, is a serious defect
because of its injurious effect upon the strength.  1%is also responsible
for much of the warping of the twisting type.

COMPRESBION WQOD

Compression wood (18) is abnormal wood (pl. 2, B). Itis generally
somewhat darker than the normal wood and is characterized by a
lack of strong contrast between summer wood and spring wood. ~ It
shrinks longitudinally much more than normal wood and therefore is
objectionable in lumber because the longitudinal shrinkage causes
lumber to warp and in extreme cases to rupture. In service, compres-
sion wood is often responsible for open jolnts.
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A study of the occurrence of compression wood in white fir showed
that about one fourth of the lumber contained varying umounts of
compression wood. About three fourths of this compression wood
was of such & type that it would not seriously injure the serviceability
of the lumber. Although the lumber grader takes no account of
compression wood, the twisting and cross breaks resulting from it
cause the worst nf it to be eliminated at the mill or the lumber con-
taining it to be dropped into the lowest grades that go into less
exacting uses.

Observations were also made on the compression wood in ponderosa
pine, sugsr pine, and western white pine. In two of these species
compression wood occurred with about the same frequency as it did
in white fir and in all three species the type of compression wood that
causes cross breaks was more prevalent than it was in white fir.
The problem of compression wood is, therefore, uot peculiar to white
fir, but is commen to most of the commereial softwoeds.

SEASBONING DEFECTS

White fir has acquired a worse reputation for seasoning defects
than it deserves. This reputation is based on behavior of partially
seasoned lumber in service. The partially seasoned lumber exposed
to the sun and wind in service dries too rapidly, and, only one side
being exposed, dries unevenly. The checking and splitting that result
are consequently much worse than would occur in the seasoning pile.

About one third of the thoroughly seasoned white fir lumber studied
was checked, about one fifth contained splits, and about ome six-
teenth wus stained. All but 3 of the 14 softwood species studied
showed less checking and splitting than white fir. Abeut one half of
the species studied showed more staining. .

The more general use of dry kilns and the improvement of season-
ing practices and drying schedules will reduce the number and serious-
ness of the seasoning defects, especinlly in white fir.

THECKS

White fir has & tendency to check. The tendency is partly because
of the large difference between the radial {edge grain) and the tangen-
tial (flat grain} shrinkage. In both white fir (dbies conecolor) and low-
land white fir the tangential shrinkage is more than twice the radial
shrinkage. Practically all the commmercially important softwood spe-
cies were studied and few had as many checks as white fir end in
addition the checks in white fir were somewhat worse. The per-
centage of the pieces of white fir having checks and the types of checks
are shown in table 8.  The white fir from the Inland Empire had con-
siderably more checks than that from California. The difference,
however, was not important, for it was duc principally to the greater
number of end checks in the Inland Empire material. The lumnber
from the two regions did not differ greatly in the types of checks thuat
sericusly affect the serviceability,




PROPERTIES AND USES OF WHITE FIR

TasLe 8.—Perceniage of pieces of while fir having checks !

H i
Fl
H

. M- - i
Sall 1ogn il 1 LerRE 2 ‘PMhirouph

Plaee of growtl snvinee surface " N
e | surfice = | checks | cherks
checks ehegks chreks

No. 2and better
Ng. 3 Common___ .
{D and better

7 nnd better ...
Culifornin { 3

Ioland Empire. . _HNa. 3 and hetter - }

No.d Common., ........

' Based an 20,000 hourd feet studied by e Forest Products Labortlory.
SPLITS

V¥hite fir had more splits than most woods studied. The white
fir from Californie had less and shorter splits than that from the
Inland Empire. The percentage of splits found in the different
grades of the white fir from the two regions is shown in table 9.

Tanue &.—Perceniage of pieces having split in while fir 1
7 » 7

Place of grawth Grode i E::I;l;‘l}iltl ‘“s":fi'i"_'"" [;;i’l’f i.-\l!ly;ws
4 . H

No, 2 and botter. o
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{D nnd better. .

Cand betler. ... .. _.
Cadlforoie, ... ..., . .. ...

No. 3 and befler_

Inlund Enpire
Na. 4 Catnmon

Rl =1 Y LR

! Busad on 26,000 bourd feot staddied by the Forest Prodnets Labaratary.
STAIN

The supwood of white fir lumber, although it can be readily stained
under laboratory conditions, remains exceptionally free {rom stain
discolorations in the seasoning pile and in use even where moisture
conditions are highly favorable for the growth of staining fungi.
The sapwood of green pondercse pine and sugur pine lumber when
piled for seasoning on pine stickers ordinarily discolors where stickers
and boards are in contact, but when piled on white fir stickers, contact
stains are greatly reduced. In parts of Californie, where staining
conditions are quite severe during the fall and winter, white fir logs
are [requently accumulated in storage by the operators during the
summer in order that the other species may be sawed and piled
before staining weather sets in. White fir lumber may be piled
regardless of weather conditions with practically no danger of stain
depreeiation.

In studies of lumber defects less stain was found in white fir than
in woods associated with it in the forest and at the mill. The amount
of medium and heavy stain in white fir was negligible. Stain was
found in 5 percent of the pieces in the select grades from both the
Inland Empire and California; however, this stain was so licht that
it would not be objectionable in lunber to be painted. The stain
found in the common grades of white fir would practically never be
objectionable in uses to which this class of lumber is put.




TABLE 10.—Average mechanical and physical properties of the clear wood of while fir compared with other species !

l Sirength at 12-
Composite or index values # (white fir taken as 108 points) for— percent mois-
ture content

Weight per
cubie foot.
Spec}iﬂc
gravity
"o ‘ sy Nail hold

! ressive ail hold-
Speciss of wood welcht Shrinkage | Bending strength Hardness | Sheckresist-|  Sphitting ing power
pecies of w oven strength f‘el‘;g)' Stiffness ardness ance 3 ([:)(r)gs‘-
dry ) sion

and | ‘Green \\\“”// i paraliel
volume [ “ to
when % 1 grain
green .

2 ® as) (4

Pounds | Pounds
per per
. square | square
Cedar, western red (Thuja pli- Pounds [ Pounds Points Points Points Points inch inch
cata) . . 27 23 80 3 01 85 90 87 75 104 7,800 5120
Cypress, southern .{Tarodium
distichum) . 50 32 107 124 105 10, 600 6,3%0
Douglas fir (Psendotsuga tari- : :
Jolia) {coast type) b 38 34 143 141 12, 300
Douglas fir (Pseudotsuga tari-
Jolia) (Inland Empire type)... . 37 31 i . 11, 400
Douglas fir (Pseudotsuga -tari-
folin) (Rocky Mountain type).| 35 30 1 9, 600
Fir, alpine (4 bies lusiocarpa)_._. .31 23 23 60 .| 6,800
Fir, balsam: (-1bies balsameu) . ... . 45 26 ; 92 7 7, 800
Fir, 'lowland ' white (.lbies ' "
grandis) . 44 23 : 9,400
Fir, noble (Abiés nobilis).._.. ... E: 30 26 10, 200
Fir, Californiared (A bies magni-
ca) . 48 27 ’ ! 10,800
Fir, silver (Abies-amabilis)._ . 36 27 88 9 9, 600.
Fir, white (-Abies concolor).... ..} 35 47 26 9, 300
Hemlock, eastern (T'suga cana- | - - -
i : 50 23 8,900

41 29 X 10,000

TUALTADIEDY J0 "LAHA SN ‘S0F NILATING TVOINHOAIL




ZLarch, western (Lariz occiden-
talis)

Pineg, lobiolly (Pinus taeda)
Pine, longleal (Pinus palustris)...|
Pine, shortleaf (Pinus echinata)...
Pine, sugar (Pinus lambertiana) - .
I’xtge.;l \Sestem white (Pitius mon-
icola
Pine, ponderosa (Pinus pon-
derosa) oo ol i i _.
Redwood (Sequoia sempertirens).
Bpruce, eastern (average of red
and-white).._....._. ORI

N BBy

8 %8

Percentage estimated prob-
able variation of an in- -
dividual piece 3 12 18

1 This table is for use in comparing species either in the form of clear lumber or in grades containing like defects, except structural material. Structural material which conforms
to American Jumber standards should be compared by means of allowable working stresses, vatues for which are presented in table 22.
2 For derivation of composite values except splitting resistance gnd nail-holding power see Markwardt (11).
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MANUFACTURING DEFECTS

Skips, holes, and wane were not exceptional in sither oecurrence
or character in the white fir examined. They corresponded about to
the aversge found in other softwoods. Broken knots were more fre-
quent than in most species. Manufacturers complain of the degrade
resuiting from the breaking of kuots in planing especially when
planing wood that is thoroughly dry. All species of wood having a
high percentage of black knots give trouble from knots breaking.
Much can be done to decrease this breakege by regulating the speed
of the feed, by careful setting of planer knives, and by keeping the
knife edges sharp. Attempting to deerease knot breakage by dressing
the lumber wet as is sometimes done results in Poor surfaces,

Manufacturing defects in the lower grades of white fir, aside from
broken- knots, are relatively unimportant as rompared tv natural and
seasoning defects. The frequency with which the important man-
ufacturing defects occur under present manufacturing practice is
shown in table 6.

MECHANICAL OR STRENGTH PROPERTIES OF THE WOOD

Wood users generally evaluate a speeies in terms of other species,
The best basis for the comparison of species is the strength of the
clear wood. The strength of clear wood is the inherent strength of
the wood fibers of the species. Such factors as moisture, defects,
size, and the like, have been eliminated, controlled, or adjusted. The
following comparisons of the strength properties of the white fir
(Abies concolor) with those of other species are made on the basis of the

strength of the clear wood. White fir (4. concolor) is represented as
100 points in order that comparisons may be made with other species
by a glance af table 10 or the figures.  White fir (A. coneolor) was
chosen as the base in preference to lowland white fir because more
lumber is cut from the former, and beeause some of its strength
properties are somewhat lower than those of lowland white fir. When
there is no way of knowing from which. of the two species the white
fir lumber wes cut, it is safer and more conservative to use date on
the weaker species.

White fir (dbies concolor) and lowland white fir are treated sepa-
rately in tables, graphs, and the discussion of mechanical porperties.
This is possible because data are based on material selected in the
woods and carefully identified as to species. No attempt has been
made to combine any species except that red and white spruce are
combined as esstern spruce because lumber of these species is best
known by that name, g

The comparisons in table 10 are of averages, A knowledge of the
probable departure of individual pieces from these averages is often
of value. This information is shown in the bottom line of table 10.
That is, in any shipment about one half of the materia} will vary from
an average less than the percentage shown in the bottom line of the
table, or in other words, there iz a 50-50 chance that an individual
sample selected at random will not vary from the averege more than
the percentage shown.
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BENDING STRENGTH

White fir {Abies concolor} and lowland white fir have the same bend-
ing strength. The bending strength of these woods is the same as that
of eastern hemlock. In tins property they are somewhat higher than
ponderosa pine or western white pine, but considerably lower than
Douglas fir {coast type) or the southern yellow pines (ig. 9). Eastern
spruce and eastern hemlock have for years been extensively used for.
framing, roofing, subfloors, crates, and other uses in which bending
strength is required. Wlate fir wiil meet requirements for bending
strength equally well as these species.

Of the species sold in mixture with white fir, only alpine firis weaker in
bending strength. Western hemlock and California red fir have approx-

T
LONGLEAF PINE ]

SHORTLEAF PINE 1

LOBLOLLY PINE ]

DOYGLAS FIR [CoAST TYes) ]

WESTERN LARCH

CALIFORNIA RED FIR

WESTERN HENMILDLKH - 1

NOBLE FIR }

WHITE F/R{A concotor) -.H-q

EASTERN HEMLOEK T

LOWLAND WHITE FIR R e T ey e

SILVER FIR 1

EASTERN SPRUCE =

WESTERN WHITE PINE

FPONDEROSA FINE

JUCAR PINE -

o 20 40 &0 8¢ 7l 120 20
BENDING STRENGTH (POINTS)
Fizune 9,—Bendng strengtl of white r {Abier concolor) compared wilk thai of other spegies of woondl.
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imately the same bending strength ns white fir. The silver and noble
firs likewise have about the same bending strength as white fir and can
also be used interchangeably wifh it. Alpine fir should not be mixed
with white fir lumber %ecause the former has lower bending strength.

The bending strength of lumber is dependent more upon the defects
present than upon t%e strengih of the clear wood. The strength of
Joists, rafters, and structural timberis therefore largely a matter of grade.
Comparison of the bending strength of structural material should be
based on worlking stresses for fiber stress in bending shown on page 52.

The bending strength of white fir adapts it particularly to (fwe%]ing—
house and other light construction. \ﬁu’te fir can be used in struc-
tural sizes for bridges and mill-type construction, but such timbers
of white fir must be larger than those of Douglas fir, western larch,
and other heavier species in order to obtain the same bending strength.
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COMPRESSIVE STRENGTH (ENDWISE)

White fir is in a group of softwoods that bave about the same com-~
pressive strength {endwise). The group includes eastern hemlock,
eastern spruce, and noble, silver, and California red firs (fig. 10).
Lowland white fir is the strongest of the group and white fir {(Abies con-
color) the weakest, The difference between the two white firs is abous
12 percent. The group is considerably lower in compressive strength
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Figurs M- ompressive sirength of elear waod of white fIlr (J1bics concofpr) compared with thal of oller
woods, ''he etfect of defects, differcnve in dressed dimension, or melsture econlenl mny change the
comparisons.

than the heavier woods, such as Douglas fir, soutliern yellow pine, and
western lareh, but is shightly higher than lightweight softwoods, such
as western white pine, northern white pine, sugar pine, and ponderosa
pine. All of the species in the group are interchangeable in uses
where compressive strength (endwise) 1s an importent requirement.

White fir posts and short columns in small houses and light con-
struction need be no larger than those of woods with much higher
compressive strength. The posts required to obtain the desired
bearing area, stiffness, or stability for such uses are large enough to
carry much greater loads than are ever placed upon them. Posts in
small houses, therefore, do not fail from overloading., Post supports
for bins and posts for similar heavy construction msy be subjected
to loads of suffivient size to cause failure. In such industrial uses
white fir posts must be larger than posts of Doughlas fir {coast type),
southern yellow pine, and other hesvy or moderately heavy woods
in order to have the same load-carrying capacity. The safe load-
earrying capacity of structural fimbers can be determined from
working stresses given on page 52.

SHOCK RESISTANCE OR TOUGHNESS

Shock resistance or toughness is the capacity to withstand suddenl
applied loads, a property desirable in some degree for practically




PROPERTIES AND USES OF WHITE FIR 27

uses, but particularly essential for wood subjected to repeated shocks,
jars, joits, and blows. For uses such 1s tool handles, wheel spokes, and
athletic equipment, where shock resistance ts the priticipal requirement,
only the heaviest hardwoods like hickory, ash, and elm cgn be used. On
the other hand, where & degree of toughness is desired and it is equally
or moreimportant to havelight weight, uniform texture, ease of working,
or & combination of these or other properties us in ladder rails, boxes,
and joists, the softwoods are preferred. White fir can meet require-
ments that permit the use of the lighter-weight softwoods but cannot
be recommended where high toughness is & primary requirement.

It is not uncommon for white fir to be described as brittie or brash
as compared with other woods commonly used in house construction,
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White fir is not so tough as the heavier softwoods, such as southern
yellow pine, Douglas fir, or western larch. Such a description, however,
1s erroneous when the comparison is with the lighter softwoods (fg. 11).
Lowland white fir is tougher and white fir (Abies concolor) not quite
so tough as eastern hemlock and eastern spruce lumber. Of the
species commonly sold in mixture with the white firs only alpine
differs materially from the white firs in toughness. Alpine fir has less
than two thirds the toughness of the white firs, and sucE a pronounced
difference is bound to react unfavorably on the reputation of the white
firs for toughness when alpine fir is sold in mixture with them.

The toughness of ull lumber is greatly influenced by defects. A
slope of grain of 1 inch in 10 inches will cause u loss of about one third
in toughness. A large knot or a small amount of decay may readily
reduce the toughness one half.

STIFFNESS

There is considerable difference in the stiffness of lowland white fir
and white fir (Abies concolor). Lowland white fir is & stiff wood being
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almost as stiff as heavy softwoods like Douglas fir (coast type) and is
stiffer than any of the lightweight softwoods (fig. 12). White fir is
simu;ut in stiffness to the lightweight softwoods. Its stifiness is about
the same as that of eastern hemlock and eastern spruce, which are two
species extensively used for joists and studs where stiffness is an
imgortant TequiTement.

oth the white fir (Abies concolor) and lowland white fir are stiff
for their weight, but lowland white fir is outstending. Of the prin-
cipal species used for lumber only noble fir and silver fir can equal
lowland white fir in this respect. The combination of stiffness and
light weight of white fir is favorable to its use for joists, studding,
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and subfloors. All of the woods sold in mixture with white fir are
more fiexible than lowlund white fir and all except alpine fir are
stiffer than white fir (4. concolor).

Defects permitted in the sound commercial grades have little or no
effecs upon stiffness. The values in table 10 and figure 12 are there-
fore applicable to lumber almost as well as to the clear wood. An
average value of stiffness for use in design is given in the table of
working stresses under the heading Average Modulus of Elasticity
(p. 52}. The values for modulus of elasticity take into consideration
species characteristics and peculiarities, and do not therefore check
exunctly with the stiffness values for the clear wood.

HARDNESS

White fir is used for its softness rather than for its hardness (fig.
13). The two speecies of white fir have about the same hardness,
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which is ubout the same ag the hardness of pondeross pine. They
sre softer than the hemlocks but harder than western white pine,
northern white pine, or sugar pine. All of the other true firs, except
California red fir, are softer than the white firs. Of the species that
are at times sold in mixture with the white firs, California red fir,
alpine fir, and western hemlock differ from them in hardness enough to
have & practical significance. In uses where uniform hardness or soft-
ness is desired, such as in flooring, these three species may prove objec-
tionable in mixture with the white firs—alpine fir because of its softness,
and California red fir and western hemlock beeause of their hardness.
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The sofiness of white-fir lumber is one of its greatest assets. It
can be worked easily with hand tools. The carpenter and contractor
like it because of the case with which it is cut, sawed, and nailed
enables them to put more of it in place in & day than they can of
harder, less casily worked woods.

Softness is seldom a desirsble property cnce the wood is in service
or in place. Users are interested in the saving in cost of manufge-
ture, fabrication, or construction because of the softness of white fir
only insofar as these savings are passed on to them in reduced final
costs. Softness is a requirement In a few uses of which drafting and
bulietin boards are examples.

SPLITTING BRESISTANCE

White fir is easy to split with an ax. The resistance of lowland
white fir to the splitting action of axes or wedges is ebout the same
&8s that of eastern spruce. White fir (Abies concolor) is more difficult
to split than lowland white fir, being aboui the same in splitting
resistance as western hemlock sand Douglss fir {coast type). The
comparison in figure 14 is based on the results of tests in which wood
is pulled apart by forces acting at right angles to the grain. The
comparison can be used to judge the ease with which the woods can
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be split into bolts or flitches and how well the wood will resist the
splitting action of -bolts or wedges. It is not & measure of the tend-
ency to spiit in nailing, seasoning, or machining,

Splitting under the action of nails is influenced by hardness and
uniformity of texture, as well as by splitting resistance. Lightweight,
soft, uniform-textured woods usually split less in nailing than hard,
heavy woods, with pronounced differences between summer wood and
spring wood. White fir is soft. light, and fairly uniform in texture.
in tests made at the Forest Products Laboratory Dougles fir (coast
type), western larch, and western hemlock split more in nailing than
white fir. Northern white pine splits less in nailing than white fir-
White fir (4. concolor), because of its texture and splitting resist-
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ance, would be expected fo split somewhat less when nailed than
lowland white fir.

The splitting that occurs in seasoning and handling is best judged
by the number and kind of splits found in the lumber as it is mar-
keted. Splits result from a variety of causes, such as cupping, shake,
seasoning methods, and hendling, so that prediction based on analysis
of properties is unsatisfactory. An actual tally of the splits in repre-
sentriive sumples of the luunber of 14 of the principal commercial
species showed white fir to have about the same number of splits s
eastern hemlock, western larch, and western white pine. The splits
were larger and more numerous than in ponderose pine, Douglas fir
{coast {ype), southern cypress, or northern white pine.

NAIL-HGLRING POWER

The nail-holding power of white fir, though low, can meet ordinary-
use requirements when nails are driven into the dry wood. The
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average holding power of a single 7-penny cement-coated nail driven
1% inches into the side grain of dry lowland white fir was 166 pounds.
Driven into white fir (Abies concolor) it was 190 pounds (13). Nails
driven into green white fir lost about one fourth of the original holding
power when the wood dried. All woods lose holding power when they
dry after nailing. It is, therefore, poor practice to nail into green or
wet white fir or any species which will dry later. Most of the trouble
from loose boards and pulled nails can be traced to the use of wet
wood or inadequate nailing, It is seldom caused by the inherent
wenlness of the species in nail-holding power.

'The nail-holding power of white fir is low as compared with that of
other woods commonly used in building construction. It is ebout
three fourths to five sixths that of eastern hemlock and ponderosa
pine and about one half that of longleaf pine. More or iarger nails
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Fioune 15, -liolding power of coment-conted nnils driven into and pulled from dry, clear wood af white
fir {Abies concoler) cotupared with that of other woors.

or nails of speciel design must, therefore, be used with the white firs
to obtain holding power equal to that of the principal construction
and container woods. The softness and uniform texture of the white
firs usually R;zrmit. the use of nails large enough to obtain the neces-

sary nail-holding power without undue hazard from splitting. 1t is
not, however, generally necessary to use a special type or to increase
the size or number of the nails in subfloors, sheathing, and roofing
boards fastened to white-fir framing in order to obtain satisfactory
holding power.

The forest products laboratory has recenily developed a simple
chemical trentment® Yor nails that greatly improves their holding
power (I4). The chemically treated nails d);iven into white fir (Abies
concolor) developed about two and one hall times the holding power
of smooth nails and about one and one third times the holding power
of cement-coated nails (fig, 15). Such an increase makes whitefir-

 ‘Thig trentmont 18 covered by U, 8, patent nv. 1,011,425, which hes been dedicated lo the citlzens
ol the United States und Is uvalluble for use by any mabulucturer without royalty clinrges.
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nail-holding power with the treated nail about equal that of the
best of the ]Eghtweight softwoods with the best of cement-coated
nails, and probably equal to any of our native softweods with plain
nails. The treated nails have a corresponding increased holding
power in other species,

SUSCEPTIBILITY TO ATTACK BY DESTRUCTIVE AGENTS AND TO
TREATMENT

DECAY RESISTANCE

White fir (p. 2) is not suitabie for use untreated where the decay
hazard is high. Its resistance to decay is low. Based on service
records and general experience the heartwood of white fir is classed
with the heartwood of basswood, cottonwoed, and other true firs
in decay resistance.!® Kven where the deeay hazard is moderate
the average lifs is too short to justify the use of the species untreated.
Where the decay hazard is low, such as in siding, subfloors, interior
trim, studding, or joists, the wood will last indefinitely, for the
fungi that cause decay cannot carry on their destructive work so
long as the wood remains dry. Occaslonally decay occurs in house
framing, subflooring, or sheathing where there is no direct exposure
to weather and the wood is apparently dry. The so-called dry rot
1s usuelly responsible for such occurrences. Dry-rot fungi can
conduet water'to dry wood from a distant source. Given 3 good
preservative treatment the decay resistance of white fir is very
satisfactory and the wood may then be used safely under conditions
that fnvor decay.

TREATING CHARACTERISTICS

Both the heartwood and sapwood of the white firs are very resis-
tant to the penetration of preservatives. In this respect they have
been found to be similar o Engelmann spruce (10). The absorp-
tions, however, were found to be somewhant hewvier, the end pene-
trations were henvier, and the preservative more concentrated in
treated portions in lowland white fir than in ¥Engelmann spruce.
Either creosote or a water-soluble salt, such as zine chloride, may
be used in treating white fir. Service records obtained from ties
used in arid regions indicate that considerable checking is to be
expected in white-fir ties in the course of 4 or 5 years unless petro-
leum or fuel oil is used in combination with the creosote or zine
clloride. The petroleum oil greatly retards the checking and
splitting. Penetration of from five eighths to three fourths of an
inch can be obtained in the heartwood of lowland white fir and
2 inches or more can be obtained in the sapwood by any of the stend-
ard processes, if properly applied (10)., Hxperience indicates that
white fir (Abies concolor) can also be treated successfully under the
shme conditions, although no special tests huwve been made,

WEATHERING Il

White fir, like all woods, weathers when exposed without paint
or other protective coating. Unpainted white-fir (Abies concolor)
panels exposed on a test fence at Madison, Wis,, showed slight

o, 5, DEPARTMENT OF AGRICULTORE, FORERT BERYICE. COMPARATIVE DEUAY HESISTANCE Oi‘. HEART-

WOUD OF DIFFERENT NATIVE MFECIES WHKN USED UKDER CONDITIONS THAT FAVOR DECAY. U.S. Dept,
Apr., Forest Berv, Forest Priel. Lab, Tech. Note 229, 2 pp, 1%, [Mimecgraphed.]
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weather checking in about 3 weeks. At the end of & year the check-
ing was marked. At the end of 4 yeers the weathering was more
pronounced than in the cedars, southern cypress, and redwood,
and about the same as in western white pine, northern white pine,
sugar pine, and ponderosa pine, but not so marked as in enstern
spruce or eastern hemlock. The change from smooth wood to
weather-beaten wood takes place in about a year. The weathering
is worse if the wood is exposed before it is thoroughly dried. Ex-
posing partially seasoned white fir has in some localities caused the
wood to acquire an unfavorable reputation for weathering. Weather-
ing in white fir can be prevented by the application and maintenance
of & good paint coating.

The white firs are unsuited for use as posts, piles, poles, ties, or
in contact with the ground unless they are treated, Preservative
frentment, however, adapts white fir to these and other uses for
which they would otherwise be unsuited.

RESISTANCE TO ATTACK BY INSECTS, TERMITES, OR MARINE RORERS

White fir (p. 2) when used where it may be attacked hy insects,
termites, or marine borers should be treated with a preservative.
In this respect it is similar to all of our commercial woods. While
some of our native woods have a greater resistance to nttack from
such sources none is Immune,

The high hazard created by the prevalence of termites and
marine borers in parts of California presents an opportunity for the
marketing of preservative-treated white fir. The cost of trans-
porting white fir lumber from the mill to the region of high hazard
15 low because the haul is short. Little effort has been made ta
develop the market for white fir in these regions, probably because
untreated white fir is unsuited for use in the region and because the
mills cutting white fir do not have facilities for treating the lumber.
The installation of treating plants either by white fir manufacturers
or by others would open an additional market for the species.

CHARACTERISTICS DEPENDING ON A COMBINATION OF PROPERTIES
HEASONING CHARACTERISTICS

Several of the large operators repularly kiln dry their white
fir of the select grades and a few kiln dry a portion of their common
grades. By far the greater part of the white-fir production, Low-
ever, is seasoned in 'ﬁle yards. Degrade due to defeets developing
from shrinkage, especially surface checking, end checking, Joosen-
ing of knots, and splitting, is greater then in the pines cut by the
same operators.

Al DRYING WHITE FIIt

Table 11 shows the percentages of various defects developed in
alr drying white fir in 2 Californin yard in which drying conditions
were representative of the avernge for while-fir producing districts
of the State. The data are for material in standard 16-foot piles
erected in May, June, and July, and taken down in August, Septem-
ber, and October. The pcrimf of drying was from 1 month to 4
months. The moisture content at final inspection varied among
the different piles snd with different thicknesses of material,

2554°—34——3




34 TECHNICAL BULLETIN 408, U.S. DEPT. OF AGRICULTURE

TasLE 1L.—Defecis developed in air drying white fir (Abies eoncolor) in central
California during summer *
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1 Based on 123,000 buard fecl studied by the Californin Forest Experiment Station,
2 T'he amount of degrada frem ol canses at time of taking down the piles, The Anal moisture content

ranged Jrem G pervent in the material seasaned for 4 months Lo 30 percent in the material seasoned 1 month.
Auch of Lha less Indleated herc is recovered by subsequent repanuiaciure,

1 Percentages denote total oceurrence of a given defect rogacdless of other defects in same piece and there-
tore do nel foiotly total with colunig 3,

t [peludes end, spiral graln, and surface checks.

s Includes end, spiral grain, and surface splis,

Surface and end checking, the principal air-drying defects in white
fir, are brought about by the rapid drying of the surfaces and ends
and the slow drying of the interior of the piece. When a green board
with, say, 150-percent moisture content is placed in a seasouning pile,
evaporation will begin immediately and will proceed at a rate governed
by the temperature, humidity, and circulation of air within the pile.
At 150-percent moisture content, the board is far above the starting
point of shrinkage but it does not take long to reduce this 150-percent
to 30-percent moisture content or less on the ends of the board if they
are exposed to direct sunshine, a strong wind, or both. Within 2 or
3 days end checking may take place, though a cross sectlon cut from
the hoard a foot or two back from the ends may still show a moisture
content of approximately 125 percent. This rapid drying of the
exposed surfaces of the board results in surface and end checks. In
the interior of a lumber pile, the faces and sides of the boards dry
slower than at the e.\'pose(? ends; nevertheless, if they dry much faster
than the interor the same force comes inte play that takes place on
the ends, that is, the external shell of the boards will reach the shrink-
age point, the wet interior will remain expunded and will resist the
shrinkage stresses in the shell so that the shell must split, or surface
check, at irregular intervals until the stresses are equalized. Knot
loosening may take place long before the interior of the board reaches
920-percent moisture content because the knots naturally dry out
faster through their exposed ends than the surrounding wood. If the
knot is firmly intergrown it will eheck or split in shrinking instead of
loosening itself from the board. From the foregoing, it becomes evi-
dent that white fir at 20-percent moisture content exhibits practically
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ns many of the principal drying defects s it does when dried to 10-or
12-percent moisture content.

Although there is little difference in pile degrade between 20-percent
and 12-percent moisture conteut, nevertheless white fir depreciates
badly in service if fabricated while green or only partially dry (20-
percent moisture content). This is because each board is no_longer
a unib in itself frec to eomplete its through-and-through shrinkage,
but has become a rigidly nailed, glued, or doweled part of a larger,
composite unit. Further, the board in the seasoning pile is held flat
by the weight of the boards above it, and is therefore prevented from
becoming severely warped or twisted, and in addition is enabled to
complete its seasoning wnder much milder drying conditions than
when exposed to unrestricted cir-
culation and sunshine as part of the
framework of a building under con-
struction.

Present depreciation during the
seasoning of white fir can be greatly
reduced %y more striet observance
of sound seasoping practice. Cn
established operations it is usually
not feasible to relocate yards that
are poorly situated, but much can
be done to improve piling procedure
and pile construction.

In the seasoning study from
which the figures in table 11 were
taken, 21.1 percent of the degraded
C and betfer white fir had been
fully exposed to the sun for 2 to 7 | === =45

fratin]

days while the pile wasbeing erected. ESmrrrrrrrp0NSOL S .Y ¢
A truck load of white fir “;-ou]_d he Fwies 16.—White fir dimendion 4 inches thiek

piled on stlekers 1 inch thick to retard the dry-
;mls rate 5o thal checking will be redueed. This
]

taken to the yard from the green i y

chain and laid on stickers, 1 truck (58 nomaiion wil Fot in honsy damace:
load being sufficient for about 7

courses. As Cand Batter of a particular thickness accumulated slowly
at the sorting table, 4 or 5 days might elapse before another truck load
would be ready for the yard. In the meantime, the top course last
laid would check badly in the sun, the next course would check to a
lesser extent, and even the third course would check slightly. The
same procedure followed for every truck load, 6 or 7 in number, until
the pile was built to 2 height of about 18 feet. The results are evident
in table 11.  An additional 15.6 percent of the degraded C and Better,
white fir had been exposed either through lack of a pile roof during the
entire drying period or beeause 2 or 3 days hag elapsed between
COI(Iilple)tiOI] ol the pile and the application of roof boards (figs. 16
and 17},

With proper piling and reasonable care in handling, there is ample
evidence that white fir can be air dried to 10- or 12-percent moisture
content with a depreciation in grade of 12 percent or less, equivalent
to a depreciation in value of not more than 5 percent, mill run. The
loss wﬂIi) be the same, at the time of unpiling, whether taken down at
18 to 20 percent or at 10-percent nvernge moisture content, About
one half of the loss in value can be recovered by simple trimming and
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rifpping. In remanufacturing to dimension, the increase in value is
often more than that lost through seasoning degrade. The dry
stock, if stored, shipped, or used at onece, will undergo practically no
further degrade, but stock at 18-percent moisture content or higher

P URE 17.—White it dimension lﬂnnks niled for afr sensotting with l-inch stickers. Tirying is more
il and degrade heavler than in figure 16, "The piles illustrated are well constructed but lack roofs.
W hen piles are left ipracfed degrade s severe in 1he npper courses

will depreciate considerably more when stored, piled in a retail yard,
or placed 1n use.

Some other factors {(#, 7) contributing to an increase in degrade are
poor plecement of stickers, careless handling of lumber, and cross
piling ol occasional bozrds.

EILN DRYING OF WHITE FIR

A study of deprecintion in commercially kiln-dried white fir (Abies
concolor) was made in 1929 by the Forest Service at a California mill,
the results of which are shown in table 12,

TanLk 12.—Degrode in kil drying 155 by § inch while fir (sbies eoncolor) !

Pereent- | Percentnga by volume after rempnulne-

nee by Lure, tough dry I;;;SS:}I;]
volime HF} i
falling to finul
Creen grocle lo\\'ler No value.d
RIAORS | poised | clunge | Below Percent
v . ' 1
h;‘f:‘rr?]:_e' in gendle | In grade | prule Waste® o orieingl
faeture vilus
Coandd Betlero. ..o 0 oL It P 97. 5 Lo 5 ]
o b Commicn., ... . 1.0 hl B b 8,4 L5 —&0
N 2 Conuten. . . n.g R &4 5 4.4 LA -2
Nood Counon. 4.0 15. 5 T LG Ah +.1
Ko Commnan . A&l 20,5 [N an 0.0 —1.4
Welglited nvernge ull grofles [ 1) 1, R4 34 LY -

1 sed :|1n a0, 108 by feet of misver] No. 4 Comman and Better sturlled by {he Californlo Forest Experl-
ment Stotlon,

1 Exirg ecost of trlmming and ripplog Ineloded us o loss,

i Waoste In percentage of orlgiunl green volume Tromn trinonlog and. rlppdng.
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The kiln was of the compartment type with forced circulation.
The schedule used was designed for rapid output rather than mini
mum degrade, nevertheless fair results wers secured. The average
moisture content was about 18 percent for all runs combined. Enough
material of low moisture content was tallied to indicate Little or no
increase in the development of defects between 20-percent and 10-
to 12-percent moisture content.

In general, the temperatures and humidities were lelt foirly con-
stant throughout the period of drying. The average dry-bulb tem-
perature was about 150° F. and the relative humidity between 41
and 50 percent. Drying time was from 128 to 152 hours, a charge
being removed when an end-coated sample reached about 18-parcent
moisture content.

Drying schedules vary greatly among different mills. Practically
all call for temperature and humidity changes correlated with elapsed
time periods. Bach schedule is based on the experience of the mdi-
vidual mill with its own equipment, hence what will work at one
mill may give poor results at another. The only schedule that can
be universally recommended must necessarily make allowance for
variations in type of aquipment. For a complete discussion of kiln-
drying procedure and cutlines of schedules, kiln operators are referred
to the Iiln Drying Handhook (22),

CAPACITY TO STAY IN PLACE

Capacity to stay in place is required in soine degree by all uses
of wood. It is one of the important I'e;ﬁuirements of interior trim,

doors, window frames, and sash. It is also a. requiremont of rough
uses, subfloors, sheathing, framing, and conecrete lorms, though not
so important in these uses.

The properties that determino how well & wood sts ¥s in place nre
its shrinkage and tendency to warp. Shrinkage causes & change in-
dimension, warping a change in shape. Comparison of the shrink-
age of white fir (Abies concolor) with that of & number of species Is
shown n figure 7. A numerieal compatrison of the tendency to warp
cannot be made. Warping is caused by knots, cross grain, the
difference in the shrinkage between radial and tangential directions,
unequal shrinkage of heartwood and sapwood, and compression
wood. No sntisﬁmtory method of evaluating the foregoing factors
has yet been devised. An analysis of factors that influence the
capacity of wood to stay in place indicates that white fir is satisfac.
bory in this respect. Its shrinkage is low and it therefore swells and
shrinks less than most commercial softwoods. 'The amount of com-
pressiv wood in white fir is about the seame as that in western white
pine, which stays in place well. The {requency of occurrence of cross
grain, which is responsible for most of the tendency to twist, and the
proportion of heartwood and sapwood in white fir is not known.
The difference in the shrinkage between the radial and tangentiol
directions is large and is reflected in the tendency to check. White
fir dimension 1s favorably known for its straightness, indicating that
thz capacity of the wood to stay in place is satisfactory for less -
exacting uses. The wood has also been used with satisfaction for
more exacting purposes, such as interior trim. It is not suited lor
uses where the reyuirements are extremely exacting, such as in
patierns,
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The conflicting opinions among consumers regarding the tendency
of white fir to stay 1n place are the result of differences in the degree
of seasoning. 'To stay in place satisfactorily in any use the wood
must be thoroughly seasoned. Most of the trouble experienced with
white fir not staying in place can be traced to the use of green or
partially dried lumber.

GLUING CHARACTTRISTICS

White fir (Abies concolor) is one of the easiest of our native species
to (%lue {23). On joints made with animal, vegetable, or casein glue
and then tested to failure, the failures occurred practically 100 per-
cent in the wood {pl. 3). The joints developed on an average o
shear strengthh of about 1,500 pounds to the square inch. The
strength of the joints was about the same with all three glues and all
the wood failures indicate that it was limited by the strength of the
wood and not by that of the glue. Joints made with animal glue
under poor conditions, which in many species result in starved joints,
also failed in the wood so that their effective strength was as good
as that of joints made under good gluing conditions. White fir
(A. concolor) can therefore be glued satisfactorily under a wide range
of conditions, The schedules developed at the Forest Products Lab-
oratory and recommended for gluing white fir are shown In table 13.
While all the tests were made on white fir (4. concolor) it is believed
that equally good results can be obteined with lowland white fir,
and the schedules of table 13 are recommended for use with it and
the other true lirs.

TasLn 13.—Ghuing schedules for white fir

Propor- Tenpir-
tion o e uture Pres- uﬁ;}ggfg]y

Kind of glue glue Lo . .
waler by | spread “‘f :é‘g sure Uma 't

walght 1

Peunds
qrer {000 Founda
agudre ‘pir Aquare
it ¥ , inch Minutes
G5 H-150 =1
82 { 100-150
10G-150
l | e

7 - 15
Caseln * [ 050 7090

Anfroal §

T0-80
Vegetabla ® 008

i T recommended proportlens of glue and wator nre sulable for both Jumiber and veneer gliing, but
ordinarily it is better to uso & thicker wlue misture with lumber than venear.

® Woad pieces lald together as soou 88 spread with glue.

* Woight of wet glue misture. . s

¢ An goimal gite squivalent to about Mo, 12 in the National Asseelution of One Manofacturers gradess
Othet grodes wiay bo used if suitable adjustment in the propiortions of glue aid water sre made.

§ Bome glues refyuairs Tnprs or leas water than siown here jo order to ebtaln the sums consistency of mixturo.

Little advantage has been taken of the excellent gluing character-
istics of the white firs. The wood can be used for core stock, lami-
nataed construction, furniture, or other uses where good glus joints
are an important requirement., Only comparatively small quantities,
however, have been used for these purposes.
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GLUED LAMINATIONS OF WHITE FIR $THOWING TYPE OF FAILURE RESULTING iMN
EST

A, Bide view showing plae ling, oll four gloe joints <00 inkect, 1, Sorface view showing hilure oceors
in wogih zuthee than gilue.
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WHITE FIR PAINTEDR PANELS AFTER 7 YEARS' EXPOSURE AT MADISON, wis.
The patels reeeived three eanls of starbaeed el puisn when evired in B0 Phe portion to tie ko
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of {he blaek line was regainted 0 12270 The tap panel s Al e
s shiws thot white e Doles pamd wolk ssquenslin oiedee-gr
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PAINTING AND FINISHING CHARACTERISTICS

White fir (p. 2) holds paint well. In this respect it is classed
with the bemlocks, spruces, and ponderosa pine. It holds paint
better than the heavier, harder, and less uniform-textured woods,
such as southern yellow pine and Douglas fir, but not so well as the
lighter-weight cedars, redwood, and more uniform-textured white
pines. White fir is nonresinous and therefore does not exude resin
beads to spoil paint finishes; neither does the pawmnt peel off the knots
or become discolored as it does with resinous woods.

The Forest Produets Laboratory is studying the painting charac-
teristics of white fir and 17 other native softwoods.” The study (3)
has been in progress about & years and is conducted on panels exposed
on test fences at widely scattered points throughout the United
States. Plate 4 shows the results of 7 years’ exposure of the white,
fir panels on a test fence at Madison Wis. White fir when fully
exposed to the weather ordinarily will require repainting in about 3
years. The time, however, varies greatly with exposure, climatic
conditions, with edge-grained or flat-grained material, and with
quality of paint. If the surfaces facing south are shaded by buildings
or trees, repainting may not be needed oftener than once every 5 or 6
years in a climate like thet in New England and the Lake States.
In a climate where there is little rair, long periods of low humidity,
and much sunshine, as in parts of California and the Southwest, un-
protected southern exposures may require repainting every year or two.

White fir should be closely watched for weather checking. At the
first sign of fine checks or breaks in the paint coat it is time to repaint
cven t%mugh the generel appearance is still good. White fir has 2
decided tendency to weather-check when unprotected and directly
exposed, The checks quickly become long and wide and may extend
through the board. Maintenance of & good paint coat will prevent
checking, and since white fir holds paint well it is not difficult to main-
tain the desired smooth, even appearance of painted surfaces. Edge-
grained white fir bolds paint much better than flat-grained material
(pl. 4). Paint will prevent the weathering and checking of edge-
grained white fir from one and one balf times to more than twice as
long as it will on flat-grained white fir, depending on climate. Very
little edge-grained white fir is cut and it sells at a higher price than
flat-grained material; edge-grained siding and other exterior trim
will more than repay the ﬁiﬂ'ereﬂce in initisl cost through lower
painting maintenance.

The durability of paint on white fir can be increased a year or more
by applying a priming coat of aluminum paint (4}. A 3-coat
job consisting of 1 coat of aluminum primer and 2 coats of light-
colored paint costs little more than a standard 3-coat job but lasts
longer. An aluminum primer coat op white fir makes it easier to
keep the wood protected and thus decreases the checking and splitting
hazard, Permanent protection from checking and splitting, however,
can only be obtained by good maintenance.

No painting study directly applicable to interior conditions has
been made on white fir. The swtability of the wood for enamel and
natural finishes must therefore be judged by the results obtained in
exterior tests, the figure snd texture of wood, and the lack of resins
and other extractives in the wood. The figure of the wood, especially
in flat-grained material, is sufficiently pronounced to adapt white fir
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to natural or stained finishes. Finish of the types required for in-
terior trim of houses is readily obtsined and essily maintained,
White fir should give good service with high-class paint and enamel
finishes. It has no resin to stain or disco?or the paints, the grain is
not sufficiently pronounced to make it difficult to cover, nor is it
likely to rise under the conditions to which interior trim is subjected.
Grain raising occurs principally on the pith side of flat-grained boards.
Enamel and high-class paint finishes should therefore be applied to
the face nearest the bark. Manufacturers can do much to prevent
the occurrence of raised grain by not finishing pattern stock on the
pith face. Repainting will ordinarily be required because of soiling
rather than beeause of inferior paint-holding by the wood. The
paint-holding characteristics of white fir are adequale lo meet the
requirements ol interior trim.

No wet wood will hold paint satisfactorily. Surfacing while wood
is still green or dressing with dull planer knivers causes the grain to
rise, whicl is especially objectionable in interior trim that is either
to be cpamcled or given a natural or stain finish. Most painting
and finishing troubles with white fir can be traced to one of these
causes, or to applying paint to the pith side of fiat-grained boards.
The trouble is not inherent in the species and white fir should riot be
condemped for it, for properly manufactured and seasoned white
Gp can he satisfactorily painted or finished.

EASE OF WORKING

The effort required to cut, saw, and shape wood depends on the
combination of soltpess, straightmess of grain, and unilormity of
texture. White fir has a facorable combination of these properties;
it is solt, straight-grained, and {airly uniform in texture. The wood
is therefore easy to cut, saw, and shape. In this respect it s casier
to work than Douglas fir but not so easy as the soft pines. The suse
with which it is cut, sawed, and nailed, combined with light weight,
tends to speed construction and is responsible for much of the popu-
larity of the white firs with the builders of small houses.

Hard, uniform-textured wood can be dressed and sapded to &
smoother surfuee than soft nonuniform-textured wood. The texture
and hardness of white fir are such that it can be dressed to a surface
smooth enough for ordinary paint work. It can be sanded to & surface
satisfuctory [or natural finishes. Such surfaces, however, are more
difficult to obtain than with harder woods or wood with more uniform
texture. The wood cannot be dressed satisfactorily when green, for
it then tends to [uzz.

CHEMICAL PROPERTIES

The basic chemical properties of white-fir wood differ little from
those of oiher softwoods. Because of the lack of extractives white
fir has no speeisl chemical possibilities.

Littie is known of the acid resistance of white fir, No recommenda-
tion can therefore be made for its use for purposes requiring this
property.

FIRE RESISTANCE

Differences in the [ire resistance of species are commonly over
emphasized (24). Diflerences within species resulting from oil,
density, and resin are as significant as diflerences between species.
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When high fire resistance is desired and untreated woud must be
used, the wood should be selected for low resin and oil content and
high density. In such a selection the absence of oil and resing in
white fir entitle the species to consideration.

GRADES AND THEIR CHARACTERISTICS

White fir (p. 2) from California and the Inland Empire is graded
under the rules of the Western Pine Association (30). These grades

CALIFORNIA

G AND BETTER -2 X
.\ W DIAMENSION -2 % TYET =T %

Aar-1X

A= DISTRIBUTION OF CRADES B-crAnLs PRODUCED AT HEAD AW
AS SHIPPED BY MILLY F329-30 BAFED ON MILL-SCALE STUDY OF
BASED OFN 6373000 BOARD FEET 832,000 BOARD FEET MILL RUN

INLAND EMPIRE"
g AND BETTER=4% -3 ANZ BEFTER-IX

(M J AND BETTER
PHTEN SO

iz

C-DISTRIBUTION OF SPAJES D-CRADES FRODUCED AT HEAD AW
AL SHIPPED 8BY mfiLLF /929-30 BASED G MILL-FCALE STUDY OF
BASED ON Z402,000 BOARE FEET MILL-RUN LOES

Fiivig 18.—Comparison of distribution of prades of whiie fir as shipped trom nills and as eut ab the head
suw: oA, The bulk of Lhe {eliforoin eat of whita fir issold as Dimensten,  Aluch of the soleet materinl is
marketed with the Commons, &, The prades obtained from the mill run of white lir logs i Califoenia.
Vireet comparkson canoot be made with grodes fhown In A, for Cominon grades are largaly remaoufac
tirer into I¥inension grades afler seasoning, ¢\ The bulk of [nland Empire cut of while Tir 13 sold ns
I-inch Comnmion luntber fz contrast wilh the California cul. (A}, which Is sold os Dimension, D, Uradas
of white fir obtained from mill-run logs in the lnisnd Empire. A comparison with 2 shows the larier
yield of igher grades from Lhe larger and clearer Culifornia white fr (Abfes concolory, (omparison with
¢ showy that shipments do npt retlect whal the avernge log will produce with good culting proctice.

are theoreticully the same as the pine grades of this association, but
because white {ir yields too small a proportion of some grudes to
justify their segregation certuin grades are combined that ure not
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combined in the pines. The standard grading rules (30), however,
do not describe the combined grades in which white fir is marketed.

The practice of combining grades differs considerably in Cualifornia
and the Inland Empire (fig. 18), because of the characteristic differ-
ences in white fiv trees 1n the two regions. The larger trees of the cen-
tral-California pine region produce a greater percentage of select
grades than the smaller trees found in the northern part of the region
and in the Inland Empire. A grade of C and Better is cominonly
marketed by the California mills and D and Better by the other white
fir producers, D) select is also obtainable from the California mills,
though material of this grade is usually made into pattern or No. 1
Dimension. Some Caliornia mills combine the first two common
grades as No. 2 and Better Common instead of the first three com-
mon grades as No. 3 and Better Common, Practice in the two regions
also differs in that white fir from California is marketed largely as
dimension; thet from the Inland Empire as 1-inch Common boards
(fig. 18). The difference in the grades from the two regions is suffi-
cient to warrant a separate discussion.

The grading rules (30) describe the grades by listing a number of
typical examples under definitions that give the general character-
istics of the grade. Such linitations cannot cover all the possible
types and variations to be lound in lumber of any grade. The typical
examples are not repeated here. Instead, the grades are described by
quoting the definitions from the grading rules and presenting a de-
toiled record of the defects found in a study of the grades ns marketed
in 1928 and 1929.

Tables 14 and 15 show the practice of combining grades in the two
producing regions and also the range of thicknesses most eommonly
sold in each grade. Teriodic or snnual summaries of white fir sales
by widths in the Dimension grades or by patterns in any grade, such
as baseboards, ceiling, and shiplap, are not kept by California mills,
and cannot therefore be reported on a quantitative basis.

Tanrve 14.—Distribution by grades and sizes of while fir shipped by several Cali-
Sornie mills in 1929-30 1

— For- X Per-
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No. 1 Dimensien....._.,
Ko, 2 and Better Comn-
HION. _emamanas
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No. 2 ol Detler DI

menslo... ... Nu, 4 Comman. ...

No. 8 Dlmension-. ... .| &)

F111% S

¥ Hused on 63,731,000 board (enl.
T The Dlhinension thickuesses are setngl, the Connmon nowingl.
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TaBLe 15, —Disiribuiion by grades and stzes of white fir shipped by Weslern Pine
Meanufacturers’ Association from Inland Empire tn 1529-301

i Per- . Per-
Th!(‘k‘ Widths | centnga Grade Thick- Widihs {contage

Crade A
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Lo R,

[
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 Baved on 7,402,000 bound feet. i
* The Dimention thicknesses shows ey aetual, the Cominun nominel.

SELECT GRADES
¢ SELECT AND BETTEH

C Select and Better consists of the € Select grade and all the
better products of the log. The grading rules (30) [or C Select pine
state: “This grade is pnmm:lv based on the idea of furnishing a
high-class paint figish.” The examples cited in the rule book show
that & few pin knots, a few small knots Armliy set, minor pitch pockets,
and occasionally rough nudllwork on the back are admitted provided
these defects are not in serious comibinafion in the same plece, also
various degrees of stain. Btain is found so seldom in white fir, how-
ever, that “there is no need of describing the kinds and amounts of
diseoloration admitied ir: C Select or C and Better grade.

On the whole, " and Better white fir as now shipped is of high
quelity (pi. 5, z‘l). Sumple lots inspeeted in Californin frequently
contained 50 percent or more of pieces that would grade B and Better
under the pine rules (also known as 1 and 2 Clear).

The defects found in a study of 1,500 board {eet of 1- by 8-inch C
and better white fir are shown in table 16.

Tasre 16.—Defect faund in C and Belter white fir frem Celifornia?

i Percent- |
pReof
hoards | Generad eharneter of defect in O nnd Better
baving §

i

i

defaet

! Averuge shze 0.4¢ inch, 80 to o thousand bonrd foel,  Abop! three fourths
of Ihw knots were be fnch or gmoaller,  Largely intorgrown zod cocused
nzd n few loose.

Miastly stnalt surface checks, none through,

All pinhioles,

Al Upht,
All sl‘fght.

Smolt and medium,
All short.

! Based ou stady of 1,500 hoatd feet of 1- by B-loel boards by the Forest Products Loborslory.
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Defects averaged one to overy 7 board feel; knots comprised
nearly two thirds of the total, Seasoning defects, ehecks, stain, and
sphits were all present, but torn grain was the only manufacturing
defect. Only knots and checks occurred in more than 10 percent of
the pieces. Wormholes nnd dark streaks were the only special
lfentures of this grade as distinguished from most softwoods. Clear
faces were found in 40 percent of the pleces.

I BELE(T AND BETTELR

D Select aimd Betier grade is produced prinecipally by the mills in
the Inland Empire. The mill run of white fir logs in the Inland
Empire produces such a small percentage of lumber higher than
D Seleet grade that it does not pay to segregate it.

Practice varies in California in respect to the D Select grade.
Some mills make no effort to segregate anything between No. 1
Common and C and better, others carry D Select with all the bétter
products of the log under the name D and Better, and still others
inelude D Select with No. 3 Conunon and Better and segregate the
stock later if orders lor D Select are received. If thers is no special
demand for 13 Select it may be made into pattern, No. 1 Common,
or No. 1 Dimension.

The grade consists ol I Seleet and sll the betier products of the
log (pl. 5, B). Mill-seale studies, however, indicate that the grade
contains little lumber better than the DD Select grade. The descrip-
tion of I Select grade in the grading rules (30) is:

This grade of lumber belongs between the higher fuishing lumber and the
comumon grades, and parinkes somewhat of the nature of Loth, Many pleces
have a finish appearnnee on one side only, the backs showing numerous or very
seriouns defeets. A type often placed in this grade is o high line of piece requiring
a cul to eliminate a knot hole or other defeet too serious to go inlo finish work.

A study of 1,500 board feet of D and Better at two mills in the
Inlind Empire showed it to have one defeet to every board foot;
slightly over two thirds of the defects were knots.  Cliecks were next
conumonest with 26 percent occurrence while the other seasoning
defects, stain and splits, were of little consequence.  Holes and torn
prain followed check In frequency of occurrence. The defects were
all in minor degrees, except [or some loose und broken knots. Only
the first live defects listed 1n table 17 occurred in more than 5 percent
of the pieees. Cleur faces were found in 2 percent of the picces,

Tapue 17, Defeels found {n D and Better white fiv from the Inland Empire 1

Pereent- -
Loape ol
Lefeet © U CGeneral charscter of defeet (0 D and Better
. haviog -
Podefest

Waonts . ... .. i Averape size 0.30 ineh, Gt fn 2 (Bousaod bourd feet About G pereent
targor Uimn bs el o few broken and logue,

Dxark strenks .. P Spmall gadd medinm.

{'hecks : £ Mastly enrd checks sl stmil cheeks.

Hales tunt thirooein Catised by f}i(‘nrauns or dops.

‘!‘m;u Fran L I {\‘};if{ﬂf slig
Rinin .. ... ... A rhi.
FITER [ All short nnd mediom,
Bkips. 4 | Al slight,
Horn . s 2 | Bmnil.
Bhake | . Hilght.
Wane, . . ... 1 Al sliphe,
Worniles, . . H + Al pinholes,

i B

1t aind mmedit,

! Based on i sty of 1,500 bonrd foet of §- by B-inel bosrds by the Forsst Produets Laboratory.
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COMMON GRADES

The grading rules (30) contain specifications for five common grades
of lumber. White fir logs from both Californis and the Inland
Empire yield some lumber of all five grades (tables 14 and 15).
Neither region, however, makes a practice of marketing five grades of
white fir commons.

Nearly all the mills ship Nos. 1, 2, and 3 Common white fir in-
voiced as No. 3 and Better Common. No definite specifications are
set up as to the approximate proportion of each grade in the mixture,
This will vary among different mills depending on the run of logs cut.
In the California pine region, No. 3 and Better Common consisted,
roughly, of about 50 percent No. 3 Common, 35 percent No. 2 Com-
mon, and 15 percent No. 1 Common. In the Inland Empire it con-
sisted of about 50 percent No. 2 and 50 percent No. 3 Common,
Some mills ship a grade of No. 1 and No. 2 Commen mixed, and
ccenstonally orders are filled for No. 8 and No. 4 Common mixed.

Any individual common grade of white fir is obtainable at mills
that cut a high percentage of white fir, and as time goes on it will
undoubtedly become more common practice to market each grade
separately at the sawmill. No information is at hand to indicate
the trend of the demand for separate common white fir grades.
There follows a description of the five common grades.

WO L COMMON

The amount of No. 1 Common produced from white fir is small.
In the Inland Empire the yield of this grade is not sufficient. to justify
its segregation. A California mill scale study indicates that hetween
11 and 12 perecnt of the mill run was graded as No. 1 Common.
The mill at which the study was conducted, however, was not sepa-
rating D Select from the common grades. Later inspection after
seasoning indicated that about one hall of the No. 1 Common would
quahfy as D Select. Table 16 indicates that whatever the produc-
tion no appreciable amount of No. 1 Common white fir Is sold as
such by California mills. The grade of Ne. 1 Common white fir Is,
{herefore, of little importance.

The grading rules (80) define No. 1 Common as:

No. 1 Common includes all sound, tight-knolied siock with the size of {he
kol the delermining factor of the grade.

Light pilch, very small piteh pockels or season checks, or egnivalent small
defeets and blemishes, nre ndmissible.

Light stain covering the enlire face is admissible in otherwise high line picees.

This grade is of & character that fits # for shelving, cornice, and all uses where
besl guality and appearanee of conuunon hunber is required.

The general appearance of the grade is shown in plate 6, 4.
N0, 2 COMMON

Very little white fir is sold as No. 2 Common. The white fir logs
produce a high percentage of No. 2 Common in both California and
Inland Empire, but it is sold as No. 2 and Better, or No. 3 and
Better Common, or is remanufactured into dimension.

The grading rules (30) define No. 2 Common as:

Subject Lo the same general ingpection as No, | Cominon, except that coarser

and larger knots, not necessarily sound, or their equivalents, form the basis of
inspection.
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Some of the most common $ypes of knots admissible in this grade are large
tnots, branch knots, cheeked knots, and those not firmly set in the piece. Other
defects common to this grade are season ehecks, heart shake, heart pith, piteh,
pitch pockets, slight traces of firm rot, and oceasional wormholes. No serious
combination of the above defects is adinissible in any one piece.

The pitch defects permitted by the grading rules do not normally
occur in white fir. Much of the lumber contains dark streaks, espe-
cislly that from the Inland Empire. Dark streaks are not a defect
in common grades. The general appearance of the grade is shown
in plate 6, B,

A detsiled study of the defeets found in No. 2 and Better Common
was made ab a Culifornia mill. The defects found in the grade are
shown in fable 18, The grade wus sound, but not tight. There
were on the average 10 defects to every 10 bourd feet.

TABLE 18.—Principal defecis found in No. 2 and Beiter Common white fir from
California?

Perionl-
aga of
Drefect l]])ingcs Greners! chinravier of defect In No. 2 and Batier ' omomon
H¥inge
defecl

Knots.. . ...o...... W2 Avernge size 171 inch, 849 to o thansand hoeard leet, very Iow larger than
Il inches. Loose knots in 30 percent and kaot heles in 3 pereent of

- pleces,

ChetkS.. . vemeen s Alpsily small surface cheeks nud eod checks, sutue through.
Wormbhoics . All pinhoices.

Splits. . .- Mosily medium, rest shocl.

Etain.... .. . .- Mainly light, rest medipm.

Bhake.__. ... _ ... . 41 All trpes.

Wnane. All slight.

Deeay .-, oo wo .. All jncipiarnt.

Piho . o Srmall amounts.

T Hased ouon slody of 1,300 beard feet of 1- by S-inch boands By 1he Forest Products Laborstory.

X0 3 COMMON

No, 3 Common is marketed principally in the mixture of No. 3
and Belter Common., Over one hall of the white fir cul in the
Inland Empire is sold in these grades. The yield of No. 3 Commaon
white fir in California is larger than the yield of any other grade, but
much of it is remanufactured inte dimension.

The {ollowing description is quoted from the grading rules (30):

The grade of No. 3 Common takes in mueh of the lower product of the log and
although the appearance of n part of {he stock is coarse it is & good general
utility grade having 4 wide variely of nses.

Some of the defeels eominon o Lthis grade ave: Large, loose or nusound knots,
large branch knots, ocessional knot holes, large wormholes, season checks, pitch
and piteh pockets, skips and roller splits, some red rot, cousiderable heart sluke,
aud any amount of stain,

Very little stain is found in white fir.

“A serious combination of the nbove defects is not admissible in
any one piece.”

A detailed study of the defects characteristic of No. 3 Common
was made in Californin and the Inland Empire on No. 3 and Befter
Common (tables 19 and 20). In California the defects numbered 12
to every 10 board feet; in the Inland Empire 24 to every 10 board
feet. ?1(1 general the lumber from both regions is low grade, having
numercus defects, some of which are serious in themselves and others
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serious in combinations. The general appearance of the No. 3 Com-
mon grade white fir as produced in California is shown in plate 6, C.

TasLe 19— Principal defecis found in No. 3 Common while fir from Culifornie’

Percent-

age of .
Delecl pleces General eharacter of defect in No, 3 Common
huving
defect

Koets, ooooricmeees U8 | Averape size D.88 inch, 1.05% to p thousand board feet. Aboul 3 pereent
are larper Lhan 135 inches, holes and Inose knala comman,

Hallhrough cheeks.

Malnly pinholes, rest chiefly medium.

Ealf advanced.

Mostly medinm, rest short.

All Light.

Al types,
CThielly slight.

1 Tinsed on & sbudy of 7,600 board feet. of 1- by B-inch bourds by the Forest Praducts Laboraiory.

TakLE 20.—Principul defects found in No. 3 and Beiter Common white fir from the
Infand Empire!

Perient-
nge ol
Lrefect jieces {leners! churocter of defect in No, 4 und Better
havine
defeet

g

Average size 0,44 ineh, 2,183 to s thousanil honrd feet,  Less than | percent
are targer than 3 inches, lopse knots and holes eottmon,

Chielly tningr degrees, a few through.

Mostly short and medium, very lew looy.

Mlostly incipient.

All ll:i',hL

Mostly small amounts,

All types,

Slight and medivm.

Al pinholes.

38
25
4]
a
&
4
+
2

1 Hased gn a stody of 5,800 boord feet of 1- by S-inch buards by the Foresl Products Laboratary,
G, 4 COMMON

No. 4 Common is an important grade of white fir. Tt is produced
and sold both in the Inland Empire and in Celifornia. Although it
is occasionally combined with No. 3 Common it is usually sold alone.

The following description of the grade is quoted from the grading
rules (30):

The defects eommon to this grade ate mugh the same as those found in No. 3
Coemmon but exist in maore serious combination or fo a greater degree.

Knot holes, red rot, massed pitch, excessive heart shake, and heavy skips in

dressing are some of the sericus defects admissible in this grade. Other types
are exiremely eoarse-knotted, waney, badly split, or badly checked pieces,

The general appearance of the grade is shown in plate 6, ).

A detailed study of the defects in the grade made at 2 mills in the
Inland Empire showed that the grade had, on the average, 28 defects
to every 10 board feet, many of them serious in themselves or serious
when in ecombinations (table 21). Bad knots, through checks, long
splits, and advanced decny were usually the determiming defects.
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TapLe 21.—Principal defects found in No. 4 Conunon while fir from the Inland
Empire §
£

Percent-
uge of
pleces (reneral gcharacter of defect o No. 4 Common
hnving
defect

Averupo size 0.48 inch, 2,300 to o thousand board feet, u few over § inches,
loose knots and hales very comiunn,

Nearly one fifth through checks.

About one fourth long.

Nearly one lourth ndvaneed.

All ]i]lzhl;.

Mogtly small nmatnis,

Sifeht, and medium.

{hieNy pinholes,

All Ly pes. -

! Bosed on o study of 2,100 bonrd feet of - by S-ineh bogrds By the Forest Produets Labaratory.
NO. 6 COMMON

The No. 5 Conmmon grade is of small importance in white Gr. Tts
value is too low to permit its being transported to markets at any
great distance fron: the mill. Some mills use the grade in the manu-
facture of boxes, boards for grain cars, and similar articles, others sell
the grade locally for rough and temporary uses, and still others send
it to the slasher.

The grading rules (30) state:

No. 5§ Common is the lowest recognized grade and adimits all defects known
in lumber, provided lthe piece is strong enough to hold together when careiully

hiandled.
DIMENSION AND TIMBER GRADES

The grading rules (30) describe three dimension and timber grades;
namely, No. I, No. 2, and No. 3 Dimension and Timbers. Slightly less
than three fourths of the cut of white fir in California and slightly
more than one fourth of the cut of white fir in the Inland Empire go
into these grades,

The grading rules do not specifically imit defects injurious to the
strength. The only specified sizes of defects are those for wane nnd
crock in No. 1 Dimensien. The sirength of the material in these
grades is therefore dependent almost entirely on the grader’s judgment
of the influence of defects. The material therefore shows a wide
range of strength for the judgment of graders will vary considerably.
Working stresses cannot be assigned to such grades with any assur-
ance because it is imprecticable to determine the sirength of the
weakest pieces the grade mary contain,

The defects found in the dimension grades in a study made at n
California mill are shown in figure 19. The fgure shows the percent-
age of picces in which cach defect occurred irrespective of other defects
in the same piece. Of the defects listed, only knots, cross grain,
breaks, shake, and checks materially influence strength. ‘Che other
defects listed have little or no affect on strength, although, as is
evident from figure 19, they are a factor in the grade determination.
The smount of injury is dependent primarily on size and position of
defect, while qua-]lity or character has little to do with the strength,
although it may adversely affect the appearance. Thus, the injury
resulting from a koot depends upon its size und location. Whather
it is checked, broken, loose, or even missing, the effect is the same.
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Warping and compression wood are undesirable from a fabrication
and use standpoint. Even the checks and splits ure ordinarily of
small importance to strength because of more serious injury resulting
from knots und eross grain.,

EQUIVALENT COMMON-DIMENSION GRADES

. Dimension gradss are commonly spoken of as being approximately
similar to the next lower comnon grades; that is, No. 1 Dimension is

;"I’&)‘ WMEHJJON‘ HNO.Z2 DIMENSION R NC 3 DIMENSION

#IE, .D‘!LEM
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FIGORE 19.— Drefeuts found in 19fs- by 4- by 8-inch surfaced nnd seasoned white fir, Bars show percentage
of vecwmenee of eclr defect irrespective of other dofeots in coibination in sate pleoe.

similar to No. 2 Common, No. 2 Dimension to No. 3 Comimon, and
No. 3 Dimension to No. 4 Common. As a Tough approximation, this
is fairly close to the fruth, for the major portion of the pieces in any
large sample of a given dimension grade will usually { ﬂl}l in the next
lower common grade if graded by the common rules. White fir No. 1
Dimension, however, will ordinarily include a substantial proportion
of No. 1 Common. In the nominal 2 by 4 inck size there may be 2s
high as 15 to 20 percent of the pieces of No. 1 Dimension that would
qualify as D Select or C Select and Better,

The ties produced for the logging railrouds are generally of low
quality, equivalent to a mixture of sbout one third each of No. 3,

23554°—3——t
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No. 4, and No. 5 Common if sawed into lumber. Ties occasionally
roduced for main-line railroads on special order are equivalent to
No. 2 Common or Better,

Timbers are of good quality. If sawed inte lumber, most of the
product would be No. 3 and Better Common, probably equivalent to

No. 2 Common in average value.

NO. 1 DIMENSION

Very little No. 1 Dimension of white fir is shipped. In both Califor-
nia and the Inland Empire it is common practice to combine it with
No. 2 Dimension and ship it as No. 2 and Better Dimension {fig. 18).
Under more favorable market conditions there will be an inereasing
tendency to separate No. 1 Dimension. The grade will eventually be
considerably more important than is indicated by figure 18.

The grading rules {30} define No. 1 Dimension grade thus:

Ko 1 Dimension and Timbers must be of o good sound character, buf will
admit of defects that do not impair the strength of the piece.

On basis of 2 by 4, wane on edge is admissible ¥-inch deep, for half the length,
or a proportionate umount for a shorter distanee on both edges. In any case,
one side and two idges should allow a good nailing surface, it being understood,
]19\\'3Ver, that the wane in no case extends over more than one half the side of the
lece.

: A piece may hiave a crook of 1 inch (provided if does not oeeur near an end}
in 2 by 4 inches by 16 feet; and Y% inch less in each additionul 2 inehes of width.
Pieces longer or shorter than 16 feet may have erovk in proportion.

A few wormholes are admissible.

The strength of individual pieces in the grade will vary widely.
No. 1 Dimension (pl. 7, 4), can be used to advantage where the user
has wide varying strength requirements and can sort the material in
strength classes, or where stifiness rather than bending strength is
the controlling faetor in design, such as in studding and joists for
small-house construction.

Where uniformly high bending strength is required as in timber for
mill construction and other structural purposes No. 1 Dimension
should be regraded to meet American lumber standards basic pro-
visions for structural material (28).

NO. 2 DIMEXSION

Practically all of No. 2 Dimension is sold combined with No. 1
Dimension as No. 2 and Better Dimension. Under the gradiog rules
(30) No. 2 Dimension grade—
will admit of large cosrse knots, not necessarily sound, considerable wane, also
shake, wormhaoles, dozey streaks, crooked pieces, or other defects which weaken
or impair the pieces to such an extent as to render it unfit for No. 1 Dimensjan
grade. A serious combination of these defects is not admissible in any one piece,

The defects found in the grade are shown in figure 19. The general
appearance of the grade is shown in plate 7, B. Not only are the
defects mare numerous than in No. 1 Dimension, as shown by figure
19, but they are larger and more injurious to strength. Dimension of
this grade is best adapted to uses where stiffness rather than breaking
strength control, sueli as joists. The decay streaks and unsound knots
admissible under the grading rules may reduce bending strength to
less than one half that of clear wood but have little inflzence on stiff-
ness, No, 2 Dimension is not suitable for use in heavy mill construc-
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tion or for purts of permanent structure where high strength is
destred unless weaker pieces are sorted out by regrading.

NO, 3 PIMENSION

A relatively strzll amount of white fir is sold as No. 3 Dimension.
The grading rules (30)—
will admit a great deal of rot and all the imperfections aliowed in No. 1 and No.
2 Dimension but in a much more pronounced form.

This is the Jowest recognized grade of Dimension and is not recom-
mended for use in permanent structures. 1t is suitable for temporary
construction or ¢ruting when rot or other defects which seriously
injure the strength are cut out of pieces containing them. The general
appearence of the grade is shown in plate 7, €. The presence of
defects thut do not show in the picture is indicated in figure 19.

WORKING STRESSES

Working stresses are used to determine the safe load-carrying
capacity of timbers or the size and number of timbers required to
safely carry a given load. They are intended primarily for use in
design of struclures, but can be used for comparison of structural
material of species when grades are comparable.  The grades are only
comparable when they limit the size, location, and number of defeets.
Building codes or other engineering specifientions generally place e
limit on the permissible working stresses.

Safe working stresses cannot be assigned with any degree of ussur-
ance to the Dimension and Timber grades described in grading rules
{80). The absence of specific defect limitation in the Dimension and
Timber grades leaves their selection to the judgment of the graders
and makes it impossible to determine the strength of a timber ac-
ceptable in the grade. It is possible and even probable that some
graders may accept timbers in any of the dimension and timber grades
that will have less than one Linlf the strength of the clear wood., Work-
ing stresses established so that such timbers would safely carry the
design load would be so low that they would practically prohibit the
use of the grade.

Specifications of the American Society for Testing Materials (1)
and American Railway Engineering Association (8) for grading struc-
tural timbers conform to the basic provisions of American lumber
standards (28), They provide for two grades, Select and Common.
Timbers of the Select grade will develop at least 75 percent of the
strength of the elear wood, and of the Common grade, 60 percent.

Dimension and timbers graded in accordance with the foregoing
specifieations will safely take the stresses recommended in table 22
for white fir. The working stresses recommended in the table were
obtained by adjusting the strength of the clear wood to meet con-
ditions that exist in service (7). Such adjustment is made to take
care of the reduction in strength due to the knots and other defects
permitted by the grode specifications, the occurrence of pieces below
the average strength, the lower strength shown by wood subjected
to long-time loads as compared to that shown by test specimens which
are loaded only a few minutes, and the weakening effect of certain
species characteristics,




TABLe 22.—Working stresses, in pounds per square inch, for sclect and common grades of timber conforming lo the American lumber standards

asic provisions for structural maleria
b ) y tructural malerial !

[As recommended by the Forests Praducts Laboratory}

Ash, blnek. ool el e
Ash, commereinl white .. -
Aspen and largetooth aspen. .
Basswood coovninr e o0
Bireh, paper.... .o
Bireh, yellow and sweet .. ..
Cedar, Alaska ... ...
Cedar, westernred. ... . ..
Cedar, northern nand southern
white, ... 0 o e
Cudar, Port Orford... ...
Chestnut....... . ... ... ..
Cottonwaood, eastern and black.
Cyupress, southern..... .
Douglas fir (western Washing-
ton nnd - Oregon type) 3. ..
Douglas fir (dense} 5. ... ..
Douglas fir (Rocky Mountain
type)...... S
Elm,rock.. . ...
Elm, slippery and American. ..
Fir,balsam.......... ...
Fir, commereial white ... .
Gum, red, black, and tupelo_
Hemlock; eastern....... x

Continu-
ously

dry

pendiculur to

Fiber stress in bendling « 1
Erain

L Compression per- .

Horizontal
shear 4

Compression paratlel fo grain (short
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1
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1 Ameriean lnmber standards: - Basie provisions for Amerfeay lutnber standards grades are published in U8 Dapnrtment of Commerce Slm{p]lﬂed Praetice Recommendation
RI16-2) (28); ss)eciﬁcntious for grivdes cnnformin{z to American Tumber standards are published in the 1927 standards of the American Socloty for Testing Materinls (1), and in
American Railway Engineering Associntion Bulletin (8).

2 Stress in tension: "The working strosses recommended for fiber stress in beniling may be safely used for tension P:\rullel to grain,

3 Joint details: The shearing stressos for joint. details may be tnken for any grades us 50 pereent greater than the horizontal shear valites for the seleet grada,

¢ Fuctors to be npplied to avernge modulus of elasticity vatues: The vaiues for modulus of elnsticity are average for specles nnd not safe workinf stresses. They may be used
as given for computing average deflection of beaws, When it is desired to provent sng in beams vaiues one half ihose given should beused, In figuring sufe londs for long coluning
values one third those given should be used.

& Exact figures given; In order to preserve the exact numerieal relations among working stresses for grades involving rate of growth and density réquirements the values for
Douglas fir (western Washington and Oregon ty!m and for southern yellow pine have not beenratnded off, ps have the vidues for the otlter spocies,

8 Working stresses for the Cotmmon griade: The values given are for the Select grade. Workfng stresses in compression rerpendienlar to grain for the commion grades of Douglas
fir (western Washington and Oregon type) and southern yellow pine are 325, 225, and 200, respectively, for continuously dry, oceasfonnlly wet but quickly dried, and more or less
continuously darp or wet conditions. - .
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In addition the working stresses of table 22 provide a factor of
safety !* to take care of small accidental overioads. In a structure
designed from the stresses recommended in table 22 occasional tim-
bers may be expected to fail in bending immediately upon heing
subjected fo twice their design loads and about one timber in &
hundred will fail at one and one half times the design load if the
load remains on the structure for several years.

The adjustment for the injurious effect of defects of necessity
limits the application of working stresses to specific grades, except
that the recommended working stress for end compression perpen-
dicular to the grain and the average values of modulus of elasticity
are applicable to all grades, since these two properties are not
seriously aflected by defects.

The application of working stresses to dimension or timbers graded
under 1929 grading rules {30) requires regrading. Such a regrading
is not diﬁicu%t. to accomplish with the aid of structural grade examples
U, 8, 28).

USES OF WHITE FIR

White fir {p. 2) goes into a comparatively small number ot uses.
About three fourths of the cut is used for construction purposes. Of
the remaining one fourth all but a fraction of 1 percent goes into
boxes and crates, planing-mill products, sash, doors, blinds, and
general millwork.  Less than 0.5 percent goes into industrial uses.

The principal uses of western true firs'™ are shown in figure 20.
The figure compares the use of western true firs with the average of
14 of the principal commercial softwoods based on the percentage
of the cut going inte the various uses. The use classifications are
very broad, and each includes a number of more specific individual
uses. Thus, under planing-mill products are grouped 20 or more
specific uses, such as flooring, ceiling, partition, and the like. Gen-
erally the comparison shows that a higher percentage of the cut of
the western true firs is used for building and containers and a smaller
percentage for planing-mill produets, general millwork, and industrial
uscs than of the cut of the average softwood. The small percentage
of material of the select grades cut from white fir is partly the cause
for the use distribution shown. Figure 20 doces not show how success-
ful the white firs are in meeting the requirements of the various uses.
Service Tecords over a long period are the best criterion of the suit-
ability of a wood for & use. In the absence of such records the
suitability can best be determined by comparing the properties of
wood with the requirements of the use. Use requirements, however,
are not always known and even when known are subject to change
with time and conditions. Determination of the suitability of a
wood for a use from analysis of properties should be checked against
the experience of users if possible. In the following discussion of the
uses of white fir, therefore, there is presented & comparison of the
properties of the wood and use requirements insofar as they are
known. Price is not considered, for it varies too widely with time
and place. The discussion of uses of white fir can, therefore, be
T OniTEn STATES DEPARTMENT OF AGRICULTURE, FORKST SERTICE, SIGRIFICANCE OF THE “PACTOR
OF BAFETY! % WONKING STRESSES FOGR STIUCTURAL TIMBEK, U.S.Dept.Agr., Forest Serv. Forest
Pepdl. Lk, Tech, Mote 222, 4 p. [nadd  [Mlmeorranhed.]

W URITED STATES DEPARTMENT OF AGRICULTURE, FOREST BERVICE. LUMDEN USED IX MANUFACTURE,

FRELIMINARY STATISTICS, FOHEST SUSVEY OF THE UNITED 8TATES, U.B.Depl.Agr., Forest Serv., 55 p.
1028, [Mimcographed.]
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considered only as an aid to the consumer in determining if white
fir is the most economical wood for his purpose. He must evaluate
difference in properties or service and weigh them against difference
in price of competitive species.

WHITE FIR BOXES AND CRATES

Boxes and crates are from a quantitative standpoint tne most
important of the industrial uses of white fir. About one sixth of the
annual lumber cut of western true firs or about 46,000,000 hoard
feet, go into this use. The western true firs rank seventh among
the softwoods in amount of lumber used for containers. They owe
their popularity as container woods to their clean bright appearance
and white color, their light weight, freedom from stain and pitch
defects, lack of odor when dry, ease of working, availability, and low
cost. Their bending strength, stiffiness, and shock-resisting ability
are about the same as those of the soft pines, which are our principal

JASH, DOOWE, BLINDS, AND
CENERAL MILL POXX
288

ArAeR (mDus IRIAL
UELT=02Y

fR21& WESTERN TRUE FIR LUMBER CUT 1228 LUMBER CUT OF 14 SOFTWOOD SPECIES
292,085,000 80ARD FEET 248,345,0985,000 BAARD FEET

Figene 20.—The use of western true firs compared with that of other snftwoods. A hlgh perceniage of
thctluml.:er cul of true flrs Is used in getieral eonstruetion, more than the avernge i5 nsedl for boxes nnd
vrates,

vontainer woods, The soft pines, however, have a more uniform
texture, split less in neiling, and have a higher nail-holding power,

BOXES

White fir is grouped for box making with ponderosa pine, western
white pine, northern white pine, sugar pine, and the other softer and
lighter woods (19). The groupings are made in sccordance with the
nail-holding power and other properties of the wood (15). ‘There
arc four groups and white fir is in the most favorable group 1. The
woods in this group are relatively free from splitting in nailing, have
moderate nail-holding power, moderate strength as a beam, and
moderate shock-resisting ability. Boxes made of the woods within
u group, however, are not necessarity equally serviceable.

A detailed study (§) was made by the Forest Products Laboratory
to determine the suitability of several species, including white fir
(Abies concolor) and lowland white fir, for munufacture of containers.
The tests, as well ns past experience in box design, indicate that
standard cansed-food hoxes of white fir could be built into consider-
ahly betler hoxes by using snller nails spaced closer than the atand-
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ard of seven sixpenny nails to a nailing edge. Smaller nails will
reduce splitting and more nails will increase holding power. The
primary cause of failure when the hoxes were tested to destruction
was splitting of ends by the nails, nails pulling from end grain, and
splitting of sides, tops, and bottoms at the nails.

The test demonstrated conclusively that good service cannot he
expected from boxes built from green or wet lumber of any species.
The hoxes of white fir {Abies concolor) and lowland white fir made of
green or web lumber lost about three fourths of their resistence fo
rough handling when dried to about 10-percent moisture content in
storage. On the other hand, nails in boxes made of jumber between

ey 3 o—iTgh-auaiity winte-fir oxes ased for grapo bups,

12- gnd i5-percent moisture content did not pull when the boxes
were tested to fatlure. The white fir {A. concolor) boxes withstood
about the same rough handling as ponderosa pine boxes when both
were made from Jumber 1t about 15-percent mmoisture content,

A list of different kinds of boxes for which white fir is used would
inciude practieally every ordinary type of box made. White fir has,
however, been most widely used In the manufacture of contriners for
foodstufls (figs. 21 and 22).

A series of tests on white fir (Abies concolor) boxes was made o
determine the possibilities of improving nail-holding power and of
reducing splitsing. The type of box, size of nail, and nail spacing
were the same ns those used in the previously mentioned tests.
Three groups of 5 boxes cach were tested. Each group had 3 boxes
nailed with blunted nails, which were tapered and chemienlly treated
{p. 31); the other 2 boxes in ench group were nailed with cement-
conted nails. All boxes were made from air-dry Jumber at about
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13-percent moisture content. One group of boxes was neailed and
tested immediately, another was stored under damp conditions for
53 days and tested at a moisture content of about 23 percent. The
other was stored under dry conditions the same length of time and
tested at about f-percent moisture, The conditioning of the boxes
was intended to reproduce as nearly as practicable conditions of
service—where boxes are nailed, packed, and shipped without storage
to local or nearby regions; where they are placed in cold storage or
shipped in refrigerator cars; and where they are stored in heated
buildings or used under hot, dry conditions such as exist in some
fields, orchards, and vineyards.

In general, the test results conform to the conclusions drawn from
previous tests that white fir makes an excellent box. The boxes
showed little tendenty to sphit in nailing. Both the special blunted,
chensically ireated nails and the cement-conted nails held welt and
Tew failures resulted from nails
pulling. The blunting of the nails
inereased the {endency of the wood
to shear at the nails, The chemieal
trentment of nails incressed nail-
holding power sufficient to more
than offset the loss of naikbolding
power caused by blunting, except in
hoxes sfored at 13-percent moisture
and dred to G-percent moisture.
The amount of rough handbing with-
stond by boxes of all three groups,
and types of feilure, indicnted
that they would give satisfactory
service,

The tesis indicate that it is not
necessury !-0. Use a Spt‘(‘lﬁl nail to Fuivne 2 —Low-priced white-Hir boxes used for
make 8 sn {Isffl(.‘-t(,\l'y box of white the shimnent of sheaks for food boxes,
fir. 1f the lumber is properly
seasonced and the proper size and number of nails are used (19), the
ordivary cement-coated nail is satisfactory.

CRATES

Well-seasoned white fir is well ndapted to all types of crates. Tt is
equally adapted to crates for small-sized or light articles and for large,
bulky, and heavy articles. Crates for odd-shaped articles, which
require more cutting and hand fitting than the ordinary erate, can be
made economically from white fir because of its easy working qualities,
s light weight adapts it to crating for all articles of hight weight be-
cause the shipping charges on such artieles depend largely on the
weight of the erate. .

White fir 1s especially adapted for melon and vegetnble crates be-
cause of its lack of odor and resin and its light weight. Large quan-
tities are used in California for shipment of melons, sweetpolatoes,
lettuce, and celery. For these particular commodities white fir on
its merits has successfully broken through the long-standing barrier
of traditionslly pepular competitive specics. Its popularity as a
container for such commodities will increase as increasing use by the
growers demonstrates its suitability. )
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PLANING-MILL PRODUCTS

About 4 percent of the lumber cut of western true firs {p. 2) goes
into plaring-mill products. This is only one third of the percentage
of the average softwood used for this purpose. The small amount of
white fir roing into planing-mill products is due to the small percent-
age of the select grades obtained from white fir.

Planing-mill products include a wide variety of items. They ate
used for Interior and exterior trim, flooring, roofing, and framing,
The property requirements for all items o? interior trim are prac-
tically identical. The requirements for maay items of exterior trim
are also identical. The items going into these uses can therefore be
discussed in groups.

Practically all items of interior and exterior trim are manufactured
from white fir, Table 23 lists the sizes and grades of the standard
items that are available.

Tasig 23.—Principal planing-mill producis of white fir

Product Thicknesses, inghes Widihs, inches Grades

Fl:ini.‘?:fil, surfaced 2 sides or surfaced | 'Melo 2o ..o ] C and Better, T Select.
sules,

Miscellaneous motdings .

Batlens

Bevel siding...

Haustic siding. . B A ermreaie. P Tra.

Dron slding- . g 13 . a2 Common or Betler,
i . 8 Nao, %Common ar Better,
0,

Do.
All grades.
o

Shizap. - .
Girpoved roofing. . N I - . No. 3 Conrmon or Betier,
Do Grewter than 2 inches, .. ameeae b N EC2URI0MEN 07 Better.

1} All standord puilicrns and sizes,

TLocal demand has resulted in the regular stocking by some retail
vards of various special patterns in white fir, such as hollow-back
barseboards, round-edge casing, two-lap drop siding, V-grooved ceiling,
frooved roofing, partition, stops, hook strip, and quarter-round and
1alf-round moldings. Some of these items are shown in plate 8.

Abmost any yard regularly handling white fir carries surfaced 4
sides or surfaced 2 sides C and Better trim, common shiplap, and
2 or 3 grades and sizes of dressed and matched stock in addition to
common boards and dimension.

Practically any pattern made In pine may be obtained in white fir
from the larger operators, who ordinarily carry most of their white
fir in the rough until orders are received. The range of stock carried
in white fir is conifined mostly to thicknesses of 2 inches and under and
widths [rom 3 to 12 inches. Thicker and wider material is produced,
but usually on special order.

INTERIOR TRIM

The requirements [or all items ol interior trim are practically iden-
tical. Finish, baschoard, casing, partition, and ceiling all must stay
in place and tuke and hold enamel or natural finishes.  Kesistance to
marring and denting are also desirable, Interior trim, however, is
chosen primaiily for appearance.
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The white firs can be used for either enamel or natursl finishes.
The figure, while pronounced enough to give a pleasing effect with
natural finishes, especially when accentuated by steining, is not
sufficiently proncunced te mske it hard to cover with enamel. No
trouble will be experienced from grain raising, which is objectionable
with either enamel or natural finish, provided the wood is thoroughly
dry when dressed and put in place, and all boards are tuwrned bark
side out. Dressed wet there is not only & tendency for grain to rise,
but the wood fuzzes making it difficult to obtain the desired smooth-
ness of finish. Figure 23 and plate 9 show white fir used for interior
trim.  White fir is a stable wood and will stay in place well if dry when
installed because the shrinkage is small, especially in edge-grained
material. Moreover, straight-grained white fir has little tendency
to warp. The weod of the white fir, however, is soft and is conse-
quently readily marred or dented. In this respect white fir is similar
to ponderosa pine and inferior to the hemlocks and hard pines.

EXTERIOR TRIM

Siding is the principal item of exterior trim made from white fir.
Bevel, rustic, and drop siding are the three principal patterns. Some
white-fir finish is used for {mm.

The most important property requirements for exterior trim are
stability, ability to take and hold paint, and ease of fabrication. Dry
white fir is a steble wood, it has small shrinkage and little tendency to
warp. The wood weathers rather rapidly. If left unprotected by
paint, lerge open cracks will develop. A good three-coat paint job
applied soon after construction and then maintained will practically
eliminate weathering (p. 32). Repainting should not be postponed
until bare wood is exposed, but should oceur when a close examination
reveals fine cracks in the paint coat. White fir holds paint well. Tts
ability to hold paint is a very desirable asset in exterior trim. The
ease with which white fiv is cut, sawed, and fitted malkes it popular
with builders. In this respect white-fir trim is very shmilar to trimn
of ihe spruces and hemloelks.

FLODRING

Unless it has received & preservative treatment white fir (p. 32) is
unsuited for flooring used where the decay hazard is high, such as in
exposed porches. Little white fir is used for finished floors in small
houses. The wood mars and dents more readily than Dougles fir or
western larch, and the small percentage of the material in the select

rades limits the amount suitable for such floors. In recent years,
wwever, some of the lighter weight, light-colored, softer conifers
have been successfully used for fine finished flooring, notably western
hemlock. Judged by its properties edge-grained white fir could be
used where the wear is not heavy, such as in the second floor of &
dwelling, Service records are not available to confirm this conclusion
and until & few trial instsllations are made the wood cannot be
recommended for such floors.

White fir flooring is used principally in rough floors. Most of it is
of No. 2 Common or Better grade. The knots and other defects
present in the grade, while objectionable in floors with natural finish,
are acceptable in some painted floors, such as in cottages and pro-
tected porehes,
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Recent observations indicate that woods as soft as white fir can
be used where mechanical wear is heavy. But where there is 2
moderate decay hazard, mechanical wear rather than decay is often

FIGUHE 234,-—Whita Ar cobinel sod cophoerd finished in white enamel, The goler of woed and charactor
of figure moke & gootl base for enumie! fuish.

responsible for replacement of white fir. The softer woods mash or
crush and de not wear down so rapidly as harder soltwooeds that sliver
and splinter. There is some evidencs that white fir will give equal
or better service than heavier and herder softwocds under heavy
mechanical wear, but additional service records are necessary before it
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can be unqualifiedly recommended. It cannot be recommended as an
alternate for the tougher hardwoods such as oak or black gum. Figure
24 shows heavy white fir flooring for mill construction.

SASH, DOOR, BLINDE.' AND GENERAL MILLWORK

. About 2 percent or 6,000,000 bodrd feet of the western true firs go
into sash, door, blinds, and general millwork. The statistical data do
not indicate how much of this is obtained from white fir.

SARBH, DOOR, BLINDE

Sash and door production from white fir is handicapped by the
fact that most white fir producers have enough of the soft pines to

et i . <

FioUurg 24.—Piles of heavy, tongne-und-groove white Or Booring awaiting installation in 8 faetory.

fill all their orders. There is therefore little incentive for developing a,
market for white fir doors or millwork., White fir has the stability,
painting, and finishing characteristics necessary for sash, doors, and
blinds. White fir is equally suitable insofar as decay resistance is
concerned as any woods used for this purpose in which unlimited
amounts of sapwood are permitted. White fir is not so easy to worl
a5 the soft pines but is betier adipted to natural finishes where a
figured grain is desired. The tendency of white fir to check when
exposed unpainted requires that all exposed white fir millwork be
protected by paint or a natural finish (p. 39).

CORE BTOCK

White fir makes a good core stock for veneer doors. The wood is
sasily glued under a wide range of gluing conditions, and it is stable
when dry, having small shrinkage and little tendency to warp. Com-
mon lumber and tongus-and-groove stock are used for core stock.
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FIRE DOORS

The properties of white fire are very similar te those of seme of the
%%cies now listed as acceptable for tin-covered fire doors (16).
ite fir meets the requirements for low resin content as well or
better than any species now in the acceptable list. Of the acceptable
species only the cedars and western white pine, northern white pine,
and sugar pine are lighter in weight. The nail-holding power of white
fir is low. It is, however, higher than that of one acceptable species
and is sufficient to hold three-ply cores together, especinlly as specifi-
cations (I6) require through nailing and clinching of nails. If wood is
dried to below 15-percent moisture content when metal covering is
applied, the decay hazard becornes so low that species with low decay
resistance can be used. The present specifications call for No. 1
Common or befter. A seleci grade or specifically selected white fir
would be required to meet, the specifications beeause No. 1 Common is
seldom segregated. DBefore a market for white fir can be developed
with the manufseturers of fire doors, the wood must receive the
approval of the National Board of Fire Underwriters.

GENERAL MILLWORK

The production of items of general miliwork other than those just
discussed is small and relatively unimportant. Bathroom cabinets,
kitchen cabinets, cupboards, and other built-in produets are made
entirely of white fir or white fir mixed with one of the soft pines,
principalty ponderosa pine. Some window f[rames and pulley stiles
are made but they are not readily available to consumers. Generally
white fir makes excellent millwork but is handicapped by always being
produced along with the more popular species for general millwork.

WHITE FIR FOR EMALL-HOUSE CONSTRUCTION

More white fir (p. 2) is used in the construection of smali houses
than for all other purposes., About three fourths of all commercial
white fir lumber cut annually, or about one fourth of a billion board
feet, goes into small-house econstruction. The percentage of white fir
used for this purpose is larger than that of the average for the
softwoods.

The species is used largely in the form of dimension and common
boards. It is, therefore, used most in frames, subfloors, and sheathing.
There are, however, houses in Californis built of white fir from cellar
tﬂ' n.t]fic, the only other wood used being in foundation sills and
shingles.

Considerable difference of opinion exists concerning the merits of
white fir for construction purposes. In some localities, the wood has
established o desirable reputation as a construction material. In
other localities, the wood is regarded as inferior for house construction.
Where the wood has given satisfaction it has been dry and usually
standard or oversized, Where dissatisfaction has been encountered,
the wood usually has beer found to be insufficiently seasoned. Other
important contributing causes have been substandard sizes, poor
grading, improper use because of lack of knowledge of properties and
peculiarities of species, and poor or inefficient workmanship. Taken
1s g whole the complaints are not primarily an indictment of the wood,
but show the necessity of hmproved seasoning, grading, handling,
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and a better knowledge of the properties. The complaints caused by
inherent characteristics of the wood are minor, and their cause Is
known and a remedy is available. Thus, where the nail-holding power
is inadequate it can be increased by the use of more nails or by the use
of chemically treated nails with high holding power (p. 30). Splitting
can be reduced by the use of blunt, tapered nails. Substanderd sizes
are largely responsible for inadequate strength or stiffness. A com-
parison. of the properties of white fir with those of eastern spruce and
eastern hemlock, two woods that are successfully used in house con-
struction, indicates that white fir may be used for the same purpose.

The properties desired in building material may be divided into
two groups—one containing those properties that tend to insure
satisfactory service when the wood is in place, the other containing
those properties that tend to facilitate construction and thus reduce
costs. Strength, stiffness, nail-holding power, and stability are im-
portant properties in the first group. Light weight, softness, and
ease of working are those of the second. A species cannot excel in
the properties of both groups, since, for instance, if it has high strength
it is comparatively heavy and hard.

The adequacy of the strength of white fir for structural purposes
is shown by recommended working stresses (table 22). The working
stresses recommended for white fir compare favorably with those of
& number of specics that have been successfully used 1n the construc-
tion of smali houses. They are the same throughout as those for
eastern hemlock, a wood used extensively in the Lake States in house
construction. The working stresses of eastern spruce, which has for
years been a standard construction material in New England, do not
differ greatly frum those for white fir. The working stresses for all
of these woods are lower than those for Douglas fir (coast type) and
southern yellow pine. The lower working stresses of white fir do not
mean that the wood is unsuited for structural work but indicate the
necessity for larger sizes to obtain strength and stiffness equal to that
obtained with stronger woods. For example, a 2- by 8-inch white
fir rafter is stronger and stiffer than a 2- by 6-inch rafter of & com-
parable grade of any species in table 22. It 1s evident, therefore, thut
adequate strength or stiffness may be obtained by proper design as
well as by species selection.

The size of some items, such as studding, are largely fixed by com-
mon practice. American lumber standards sizes were established
with & view to having the sizes adequate for the lighter weight,
weaker species. White fir can in many items, therefore, be used in
the same sizes as the heavier and stronger species. The value of the
greater strength and stiffness of houses constructed of the heavier
and stronger woods is difficult to evaluate. While oversized or extra
standard sizes of white fir are not necessary to meet the requirements
of houses constructed in accordance with accepted standards of good
practice, substandard sizes, especially in the lighter weight and
weaker species, such as white fir, are questionable.

FREAMING

Probably the largest single use of white fir is for framing for small
houses. 1t is used for all items of framing, including studding,
rafters, joists, sills, and plates. Although these uses differ in many
respects, they have a number of common requirements. including
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nail-holding power, stability, ease of working, and light weight.
White fir 1s light in weight, easy to work, stable, and dimension
items have the reputation of being straight and easy to fabricate.
Their strength, nail-holding power, and Iack of decay resistance as
compared with certain other species have been objected to by con-
sumers in some loeafities. Trouble in these respects, however, may
be due to many other [actors than the inherent properties of the
wood itself.

Bending strength is an important requirement of rafters, but less
50 of joists and studding. White-fir rafters to be the equal in strength
of Douglas fir (coast type) or southern yellow pine of comparable
grade should be, other dimensions being equal, about one sixth wider,
or the span should be shortened about one third by bracing or other-
wise. Thus, Douglas fir when the design calls for a 2- by 8-inch
Douglas fir (coast type) rafter to obtain necessary bending strength,

Frarpee 20— While-Br studdiag, 1t islipl in weighi, straight, nod the prioeipul diinension item preduced
from the speciss.

a 2- by 7-inch rafter in white {ir would be required to give the same
strength.  Since a 2- by 7-inch rafter is not a standard size, 2 2- b
8-inch rafter would probably have te be used, even though it 1s
larger thap is recuired to obtain the necessary strength. The added
strength and stiffness resulting from the extra inch has a value, but
it is difficult to evaluate. On the other hund where load require-
ments call for nonstandard 2- by 5-inch Douglas fir {coast type) a
standard 2- by 6-inch would probebly be used, which is the same
size as would be used with white fir,

Stiffness is the principal requirement ol joists and studding in
small buildings (fig. 25). The size required to obtain the desired
stilfness is much larger than is necessary to carry any loads to which
joists or studs are hitely to be subjected. Joists and studs in small
houses, therefore, seldom if ever bresk. Grade likewise is not very
important i1 joists and studs, for knots, knot holes, and other defects
have little influence on stiffness.  While-fir joists to have the same
stiffness as those of Douglas fir (coast type) or southern yellow pine
should be one eighth deeper or the span would have to be about
one eighth shorter. Thus, & 2- by 8-inch joist in Douglas fir (coast
typo), any grade, has sbout the same stiffness as 2- by 9-inch white-
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fir joist of any grade, other things being equal; or a white-fir joist on
a 16-foot span has the same stiffness as one of Douglas fir (coast type)
on a l4-foot span, other dimensions being the same. A white fir
substandard jost is 1% inches thick and is 4 per cent lower in stifiness
and breaking strength than a standard 1¥%-inch thick joist of same
depth, which is not an especially significant difference. On the other
hand, a white-fir substandard 2- by 4-inch piece is about 12 percent
lower in stifiness than one of standard size. It is difficult to deter-
mine what this difference in stiffness of joists and studs would menn
in terms of service In the lighter weight, weaker softwoods, the

TR
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Fiouns 26— White-fir shealhing and fruming.  Murh of the species is used i Huht construction of this
type in Calilernia.

use of the wenler, substandard sizes is questionable and cannot be
recommended for first-class construction.

White-fir framing has acquired its best reputation where oversized
1%- or 1}-inch thick dimension, principally 1% inch, is used. This
dimension is sold as “Valley dimension” by most of the mills in the
Sierras of Californip. The 1}4-inch stock 1s 15 percent higher than
the standard 1%-inch stock in bending strength and stiffness when
used on edge. When used flatwise or as studding it is about 50
percent higher in stiffness than stock of standard thickness.

Extra standard sizes in white fir are not ordinarily required for
satisfactory service. Experience indicates that American lumber
stendard sizes will give satisfactory service. Standard-sized white
fir is obiainable, but the common practice is to ship substandard
size. The consumer should, iherefore, specify standard size for
{roming material,

Experience with white-fir framing (fip. 26) throughout the country
indicates that its npail-Liolding power is satisfuctory. It will hold

21554°—34—-5
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sheathing, siding, or other covering provided the framing is dry when
covering is put in place. When and where more nail holding is
required than is obtained with standard methods of nailing on cover-
ing, it is readily obtainable with white fir by the use of more nails
or by the use of chemically treated nails {p. 31).

Decay resistance is not a requirement in most framing iterns.
Sills in contact with the ground or which may be subjected o moist
or wet conditions have a high decay hazard, and white fir is unsuited
for such use unless treated with a preservative, On the other hand,
most framing, once it is dry, remains dry. Under such conditions
white-fir framing will last indefinitely.

SUBFLOORS AND SHEATHING

A little less than one fourth of the white-fir lumber produced in
California and over one half of that produced in the Inland Empire is
maerketed as common boards and shiplap. These two items are used
extensively for subfloors and sheathing in small houses.

Stiffness, insulation, and ease of working are the principal require-
ments for subfloors, and insulation and ease of working for sheathing.
The denser species have the greater stiffiness and the lighter-weight
species are easier to work and have greater insulating value,

High nail-holding power is not counsidered an essential requirement,
since the nail-holding power of framing should be relied upon to hold
finish flooring and si ging in place. The species characteristics ususlly
given most consideration by builder and contractor are those which
facilitate construction.

The characteristic defects in comparable grades of different species
are also given some consideration in subfloors and sheathing. Small
tight knots, even though numercus, are preferred to large or loose
ones. The knots in white fir in the grades generally used for sheath-
ing and subfloors are intermediate in size and number, but many
of them may be loose, checked, or broken. This unfavorable char-
acteristic of the knots as well as the lower strength and stiffness of
white fir must be weighted against the favorable combination of light
weight and ease of working and handling. What to use depends upon
whether o tight grade is more important from a service standpoint
than any difference in strength or stiffness,

Price and degree of sensoning, however, rather than the properties
and characteristics, usually determine the choice of species for sub-
flooring and sheathing. In large cities a difference as small as 25
cents per thousand board feet 1s usually sufficient to oflset species
differences with contractors and retail lumber dealers. In small
towns, especially in farming sections, species differences are given
more consideration, but even here $1 per thousand hoard feet differ-
ence in price is usually sufficient to overcome species preferences.
The importance of well-seasoned sheathing and subflooring in obtain-
ing a tight house or floor, while often ignored in the past, is rapidly
being recognized by builders, Any species must be marketed dry
if i1 1 to hold its own as wood for subllecrs and sheathing, ’

HEAVY CONSTRUCTION

Very little white fir is used for henvy structural work. Struetural
timbers are usually chosen for strength, that being the most important
requirement. The greater strength of heavier and havrder species
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usually outweighs the advantages the white firs have as a result of
their light weight and ease of working. In or near regions of growth,
however, & favorable combination of conditions has resulted in some
use of white fir (fig. 27}, Such favorable combinations of circum-
stances, however, are confined to places where the principsal species
associated in the forest with white fir are soft, lightweight woods of no
greater strength.

White fir strizctural timbers go into two principal types of use—
temporary bridges and trestles and mill construction. Logging rail-
roads are the principal users of untreated white-fir timbers in bridges
and trestles (fig, 28). The hife required of timbers in logging railroads

is ususlly short and white fir may be used successfully untreated.
Treated white-fir timbers could he nused in more permanent bridges

FiGurak 27.—White fir gsed for coperete forits atid heavy inil! copstruction.

and trestles, Little, however, is used for this purpoese, for preserva-
tive treated white-fir timbers are not at present readily available and
little effort has been made to develop this market. In mill con-
struction white fir is used for posts, joists, girders, heavy flooring, and
roofing. The number of installations is comparatively small. Twoin-
stallations, 1 in abakery (fig. 20) and 1in alaundry (fig. 30}, are known
tohaveprovedsuceessful. Bothof these typesof occupancysubject tim-
bers to exceptionally severe conditions. The condition of timbers and
planks after 5 to 7 years’ service indicates that checking and $wisting
are less then would be expected with a heavier and stronger species,

INDUSTIUAL USES

HRAILRCOAD CROSSTIES

White fir (p. 2) furnishes only a small {fraction of 1 percent of the
crosslies purchased annuaily (26). The 1927 census reports the
purchase by steam railroads of about 70,000 white-fir crossties, about
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three fourths of which were treated with preservatives. In addition
many were used by mills in their logging railronds and not reported.

Three strength properties are of special importance in appraising
the mechanical properties of woods for erossties (12). These three
propertics—bending strength, hardness, and compressive strength—
have been combined into n composite tie strength figure that gives an
index of the suitability from the strength standpoint. Figure 31 com-
pares the composite tie strength ol white fir (dAbies concolor) with
that of a number of important tie woods. The composite tie strengths
of white fir (4. concolor) and lowland white fir are about the same and
are intermediate between the hemlocks, which are slightly higher, and
the spruces, which are slightly lower. The composite tie strength
of white fir is sufficient to meet the strength requirement of ties in
main-line track, provided the ties are properly protected by tie plaies.

Lt * Ry

FiGURE 28.—White-fir timber nnd Lies in tresties of logeing railrond. White 8r s ofien used untreated in
lngging ronds where enly a comparatively short life is requlired.

Unless treated with a preservative, white fir cannot be used success-
fully for ties in permanent track because of its low decay resistance.
Both heartwood and sapwood are difficult to treat, being similar in
this respect to Engelmann spruce. KExperiments, however, have
demonstrated that white-fir ties can be treated successfully (70).
Untreated white-fir ties are extensively used in logging railroads be-
cause the life of such lines is short, and untreated white fir ties will
generally last longer than the logging road is required.

Service records on about 14,000 white-fir ties are contained in table
24, An analysis of the service vecords shows that white-fir ties treated
with either zinc chioride or _crcosote check badly. However, even
though checked the ties treated with creosote, table 24, group 4, have
given 13 years' service in main-line track under heavy traffic, and
about 08 percent are still in place (pl. 10). The ties treated with zinc
chloride, but no fuel oil, table 24, groups 5,6, and 7, have only beenin
service about 7 years, but a high percentage are still in place. They,
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PLATE 10
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THE USE OF FUEL OlL ALONG WITH PRESERVATIVES HAS DECREASED CHECKING IN WHITE FIR TIES
A, Creosatesd white fir tees after 13 vears” sevvice. Thoth badly ehecked amd spht few dtes lve boei retnavid
fatte of The ties ives been remioved from the test track they are badly ¢heeked and split.

of creasote, cual tar, and fuel ol

13, Creosoted white B Ges after abont 5 years” serviee.  While
comlition.

7 Whate fir ties i the same track aned sune period as B3, but treated with a mixture
I eseellent conditie., practicd]d no cheeking or splitting. 13, Whate fir es treated wath vite chloride after abont { years® service.  In fair
Sone vheckinz wied some plite wear as taken place.” 15, White fir ties treated with zine chtoride aned fel onl. Lnwood condition. Somne cheehine, but not so muel
as 1es 1 D whiel Bave beird m satne tragk diriag saane period of Gie.
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like the creosoted ties of group 4, are badly checked. The ties of
all groups are in a track where conditions are favorable to checking.
Where fuel oil was used in combination with the zinc chloride or
creosote the fies are in good condition. Fuel oil used along with the
preservative appears to reduce the checking materially (pl. 10).
Groups 1, 2, and 3 of table 24 in which fuel oil was used with creosote
are all in good condition with practically no checking or splits after
7 years’ service, Likewise, the ties in group 8 of tabie 24 where fucl
oil was used in combination with zine chloride are in excellent condi-
tion after 7 years’ service. On the other hand, where zinc chloride
was used without fuel oil, groups 5,
6, and 7, the ties have checlked and
split badly. It appears, therefore,
that the trouble from checking and
sphitting of white fir ties esn be re-
duced by the use of fuel gil. The
ties on which this conclusion is
based have not been in service long
enough to permit an estimate of the
increased life that will result from
the use of fuel oil where used with
reservatives nor can theconclusion
e considered final on such o short
period of service.
FURNITURE

The properties of white fir limit
its use in furniture. Lack of color,
small pereentage of clear Jmmber,
and thefinishing characteristics pre-
vent its use in expensive or highly
polished furniture, except in con-

PROPERTIES AND USES OF WHITE FIR

FIctrE 29.—While-fir posts, girders, nad Jolsts in
heavy mill eonstraction in & hokery in Califor-

cenled parts.  Its light weight, [ree-
dom from resin, ease of working,
stability, painting, and gluing char.
acteristics adapt it to use as frames
of overstuffed furniture, concealed

nia ufter & years'serviee. Little or no checking
unul twisting have wnken placo in straight-prain
sitle eul pieces. The worsl checking which

has ogeurred s shown in thu§1rder. Tha tim-
bers on Lhewhole show very littiecheeking de-
spite Lthe combination of hot, diey clitnte with
extreme artificial heat,

parts of all types of furniture, and

for furniture which is to be painted. Its properties also indicate
it would make a good core for veneer panels. Only & small amount
of white fir is now wused for furniture. It is made chiefly into
book racks, built-in cabinets, flower stands, benches, ironing boards,
and similar articles to be used unfinished, stained, ov painted. It is
particularly suitable for shelves, drawers, and bins where foodstuffs
are stored because of the wood’s freedom from odor and pitch.

There is little prospect of any materia} increase in the use of white
fir for furniture, There are a number of woods available that can be
used satisfactorily in the same types and for the same parts of furni-
ture as white fir. Many of these woods are grown nearer the large
centers of furniture production than white fir and therefore make the
entrance of white fir into this field difficutt. The best prospects of
increasing the use of white fir for furniture are in Culifornia and the
Intand Empire,
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FiGukE 30.—This beavy Lowguennd-groove No. | Cominon white fir rooflag has given good service under
the severe conditions impose:] by o nundry in 8 hot, dry climate,

LONCLERF PINE

SHERTLERF PINE

LOBLOLLY PINE

WESTERN LARCH

BOUGCLAS FIR {goasr rrre)
REOWOOG

DOUGLAS FIR (tntano cartee)

CALIFORNIA RED FIR

WESTERN HEMLIOCK

EASTERN HEMLOGK
LOWLAND WHITE FIR

WHITE FIR
NOSLE FIR

EASTERN SPRUCE

LODGEPOLE FINE

SHYER FIR

PONDEROSRA Finl

25 40 50 80 w0 20 e 60
COMPOSITE TIE STRENGTH (FPOINTS)

Ficere 31.--Comipasite te strength of white fir iz{b.‘ra concolory compnred with thiat of n putnber of clher
species. The eompinrisen i3 hase:d on o combinutipn of tha three strengily preperties most important
ht thes.




TABLE 24.—Service records of while fir and Engelmann spruce ties trealed with preservatives !

Treating
process

Preservation and
absorption

Location

Date set

Ap-
Proxi-

mate
service
al last
inspec-
tion 2

Traflic

Rail
weight

Re-
movals

Cause of removal

Condition of ties in tract:
at lust inspection

White fir_..........

‘White. fir and
Engelmann
spruce.

PSRN { I

Lowland white fir.

White fir and

Engelmann

Lowry....
RN [+ I
Full cell...

Lowry....,

Burnett...

Burnett
(two-
move-
ment).

Pounds per cubic fool

3,6 creosote, and
8.4 fuel oil,

8.6 creosote, and
0.4 fuel oil,

Creosote, roal tar,
and fuei oil.3

9.1 creosote

0.5 zinc chloride. ..

0.5 zine chloride,
and 3.5:to 4 fuel
oil.

Number|
78!

3,131

720 ...

200

3,107

2,015

782

Idaho....

Montans

Nevada. .
Idaho....

‘-.(lo..-;n

Nevada..

May 1024
March 1924, ...

December 1923.
October 115, .
December 1924,
Aprit 1924 . __

Deécember 1923.

December 1924.

Years

74

Medium.

eadoaa o

Hoeavy...

Light. ..
Medium.

Heavy...

Light_ ...

Nitmber,

"Pounds
00 None

90 | Nonse
None

5
{ 4

140

Mechanieal wear.
Eliminate plate
trouble,

Deeny.comaaeecin.
Broken

Checking
and shatter,

Excellent. Slight . rail
eut at joints,
Do,

Excellent. Raileut.on
ouiside of curve,
Fair condition. Con-

siderable - checking
and splitting, *Some
plate wear.

Very bhad checking,
Rotting very (ast.

Fair. Considerabla
checking and - ril
cutting. .

Bad.  Depreciating
rapidly on account
of checking and shat-

ter,
Excellent.

! Compiled from 1930 Proceedings of American Wood-Preservers' Assacintion (£).

2 Last inchction on all groups except group 4 made October 1031 by
on not reported. - Treatinent 30 percent creosote, 7.5 percont coal tar, and 62.5 percent fuel oil.

3 Absorption

Q. W, Lorenz, of the Unijon Pnciti!c System.

Last inspection of group 4 made in 1928 by Forest Service,

Hid TLTHM Jd0 SESA ANV STILYAJOHd
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REFRIGERATORSE

About 500,000 board feet of the western true firs (p. 2) are used
annually for refrigerators. The properties of the wood that adapt it
to this use are lack of odor, freedom {from resin, light weight, thermal
insulating properties, and ease of working, White fir may be used for
the same parts of refrigerators as those made from spruce,

OTHER INDUSTRIAL USES

Bmall quantities of the western true firs are used in wooden ware,
novelties, signs, car construction, instruments, silos, and tanks. The
reported consumption of the western true firs in all these uses totals
less than 100,000 board feet annually. All of these uses except car
construction are comparatively small consumers of wood, and there
i little likelihood of any of them furnishing a market for a consider-
able quantity of white fir. The total amount of softwood used by
these industries in 1928, excepting car construction, was less than the
white fir lumber cut for that year.® The heavier and stronger soft-
woods are preferred for most car-construction and repair worls,
douglas fir and southern yellow pine {urnishing over 90 percent of the
softwoods used. White fir is used for special parts of cars, such as
lining for refrigerator cars and running boards on the top of freight
cars,

REPORTED MISCELLANEOTUS TUSES FOR WHITE FIR

A partial list of miscellaneous uses for white fir (p. 2) has been
compiled by the I'orest Service. Some of these uses have been dis-
cussed, others have not, either because of lack of knowledge of their
required propertics or because their requirements are enough like
some uses already discussed for the comparison and analysis to apply
in part or with slight changes. The list may be useful as a reference
and indication of possible markets that might be developed. 1t
should be remembered, however, that the fact that a speeies of wood
has been used for o purpose does ot indieate that it is the best wood
for the purpose. In fact, s brief inspection of the list will reveal a
number of uses for which other species are obviously better suited’
then white fir.
Altars, chureh

Cars, clectrie
Appliances, laundry

Casges, packing, piano, shipping, and

Backing, furniture

Backs, sign, and dresser drawer
Baschoards

Baskets, candy, fruit, and vencer
Batens

Beams, railroad car brake
Benches

Blinds

Boards, barn, base, triw, and roof
Bodies, autemobile and buggy
Bottoms, show case

Boxes, food, and canned goods
Boxes, heavy shipping

Broom handles

Brackets, cornice

Buckets

Cahinets, built-in and kitehen

Car, decking, siding, lining, and strips

1 Sep footnate 13, p. 5,

shoe
Casing, house
Chaskets and outside boxes
Ceiling, boat
Claphboards
Conerete forms
Construction, ear
Cooperage, slack and tight
Cores, veneer
Corners, interior house base trim
Crates, fruit and vegetable
Crating, furniture and granite
Cross arms, telephone and telegraph
Dimension
Daors, house, and freight car
Drawers, Murniture
Iinish, car
Finish, house exterior and interior
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Flooring and  subflooring

Frames, -suit case, door, refrigerator,
and window

Freezers, ice cream

Gates, irrigation, car door, and fruit
shipping

Girders

Goods, dairy

Handles, paint and sweeping

Heads, cheesebox

Instruments, musical

Joists

Lath

Legs, refrigerator and table

Lining, freight and refrigerator car

Logs, house

Lumber, rough

Matlches

Moulding, house

Newels

Novelties

.Qars, boat

Pails

Partiticns

Parts, vehicle

Pipes, water

Planking, bridge, platform, and ware-
house

Plates, house

Poles

Posts

FPulp, paper

Radio, aerial posts

Ralters

73

Railing

Refrigerators and kitchen eabinets

Roofing, freight car

Sash, doors, blinds, and window

Beaffolding

Bhade rollers

Shakes

Sheathing

Shelves

Shiplap

Shaoks, box

Siding, bevel, two-lap,
log cabin, and rustic

Bilos

Blats, window shade

Staves, sito

Steps

Studs

Bupplies, dairy, and apiary

Subfooring

Tables

Tanks, oil well and windmiil

Timbers, small

Ties, reilroad

Tops, furniture

Towers, cooling

Toys

Traps, lobster

Trays, raisin

Trunks

Vehicles

Windmill, tanks, and silos

Woodenware and novelties

freight car,

PULP AND PAPER

White fir (p. 2) is admirably adapted to the manufacture of pulp
and paper {29). DBoth white v (Abies concolor) and lowland white
fir are readily reduced by any of the sicndard mechanical or chemical
processes. With the standard sulphite process white fir produces an
unbleached pulp of excellent color and strength. The fibers are
somewhat coarser than spruce fibers, but the pulp is easily bleached.
The pulp yield is between 45 and 55 percent on a weight basis. Sul-
phite puip from lowland white fir requires 15- to 25-percent bleach,
and that from white fir (4. concolor) requires 10 to 15 percent, Pulps
suitable for use in news, wrapping, book, and other high grade print-
ing papers can be produced from hoth species.

A very strong unbleached pulp is produced from white fir with the
sulphate process. The yield of strong pulp is from 45 to 50 percent
with lowland white fir and 48 to 53 percent with white fir (A, con-
color). 'The pulp is suitable for high grade w.apping papers and fiber
board. The yield of pulp for bleachmg is 85 to 45 percent and 38
to 43 percent, respectively. Sulphate pulps from both woods require
20- to 30-percent bleach.

Both white fir (4. concolor) and lowland white fir produce pulp of
excellent color and standard stremgth by the mechanical process.
From 15 to 25 percent more power 1s required than for white spruce.
The pulp is suitable for ali uses requiring ground wood.

In spite of the excellent pulping properiles of white fir there is no
early prospect for the extensive utijizution of the stands of white fir
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in the Inland Empire and California for this purpose. . Neither
region has a local market for pulpweod. The availability of large
guantities of mill and woods waste suitable for pulp production in the
Pacific Northwest, the cost of logring white fir logs or woods waste,
the problem of transporting pulp overland to markets at a cost which
will ensble it to compete with water-borne pulp from Washington
and Oregon, and the initial investment r+-uired for construction of a
pulp mill make it improbable that any appreciable quantity of white
fir m California or the Inland Empire will be used for pul}pr_) produe-
tion in the near future. Lumbermern and timber owners in making
their plans for handling their white fir stards should not rely on the
early development of a market for pulpwood as a panacea for the
utilization problems presented by thewr white fir stands.

SUMMARY

Californian and the Iniand Empire have forests containing 50
billion feet of white fir (Abies concolor) and lowland white fir. hese
woods grow and are harvested along with other species. For o num-
ber of years existing conditions have made it difficult, if not impossible,
profitably to market white fir lumber. On the other hand there are
serious objections both from forest management and utilization points
of view to leaving the irees in the woods.

The lumber is relatively new and little known to many wood users,
especially in the eastern and middle-western markets. The entrance
of white fir lumber into these markets has created a number of prob-
lems to users. Detailed information furnished here on the properties,
characteristics, and use of the wood will aid the consumer in deter-

mining its sultability for various uses and in obtaining long and
satisfactory service from it.

Existing markets were found to be adversely affected by prejudices
against white fir lumber. Investigation showed that these prejudices
voere caused largely by the results of improper manufacturing and
marketing practices, such s marketing of insufﬁcient'lﬁnseasoned

lumber, substandard sizes, and poor or inadequate grading. Con-
trol of these factors is in the hands of the manufacturers. Appiica-
tion of the information presented here on seasoning, grades, and
influence of substandard sizes on strength and serviceability will
help in overcoming these prejudices, No profitable market for white
fir lumber can be developed so long as these prejudices exist.

The solution of the problem of the timberland owners and foresters
is closely tied up with the problems of the lumber manufacturer and
the consumer. Any improvement In the markets and the use of
white fir lumber or in the character of service it renders will materially
aid in the solution of the forest problem. An adequate and profitable
mmi)%et for white fir lumber would solve the forest-management

roblem.

P A profitable market cannot be established for white fiv lumber so
long as better known and stronger competitive woods which are more
favorably situated as regards quality, quantity produetion, and
markets are sold at a loss. However, the adverse lumber market
existing for the last 5 years must change and with the change will
come the opportunity for consumers, manufacturers, and foresters to
apply the information here presented to the solution of the perplexing
problems in use, marketing, and management of white fir,
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