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CANADIAN WOODS FOR STRUCTURAL TIMBERS.

IxTHnDI< TIOV.

The Forest Products Lal.orntori.'s of CiiiKMhi. f-tnl)lisli,><] nt ^Fontrpil l,y tlip
Department of the Interior, in oo-opcrntion with ArcCill T'niv..r>it.v. hnvn iiiKiortiikpn
.;n invostiffation of the woods (.f tlic difforonf spocio^ of trop' in Ciinnda so that roli-
itMo and authoritative inforni;itioii may he availnhh> as to tlio streiicth. diiraliility.
and other qualities of Canadian woods and their adaptahility for use in strueturai
work and manufaetures of various kinds. Sneh investipittions liave only hesun at the
Canadian Lahoratories and tlie onlv Canadian species in resard to wliieh fairly
eonipleto information has heei. obtained is Douplas fir. hut as there is a special interest
nt the present time in information in regard to structural titnhers. pnrtieulnrly in a
eoniparison between Canadian and foreign timbers, it has been considered advisable
to issue a preliminary study on structural timbers, iisinjr the information now avail-
able from many sources and particularly the results of invesliirations made at the
laboratory of the Forest Service of the I'nited States. Tt will he found that Canadian
timbers rank hiph for structural inirposes. The result^ of an exhaustive series of
mechanieal and physical tests of Douslas fir made nt the Forest Products Laboratories
of Canada are now in course of publication and similar tests of other Important Cana-
dian woods are in prepress, the results of which will he published as soon as they are
available.

Tn the following discussion the main characteri.stics of eoniferoiis woods native
to Canada as well as the chief imported strm-tural woods, the southern l>incs. are
discussed. A sketch of the forest resources of Canada trive= M.me idea of the wood
available and the present developm.'iif of trade. Tt is followed by a discussion of the
qualities that affect the usefulness of timber for structural purposes and a description
of the chief Canadian species suitable for this luirpose. besides comparisons and tables
and charts which it is hoped will make the conclusions clear. There is a short discus-
sion of the prradinp: of timber which it is hoped will prove useful.

Dki-'i\it[o\ of Strictirm. Ti.\ini:i!.

Broadly speaking, all wood which is so used that its strcnirth is a factor of first
importance may be called structural timber. Tn this liiscussion. however, we shall pay
special attention to the woods which are. or may be, used in buildins construction.
Xo special mention will be made of timbers suitable for ties, |i,ivin(r blo.'ks. or for
use in mines, anil the discussion is limited to conifrrous wond-. I.,)\v,r fr. iL'lit rato-
and recent specitications l>y the Canadian (iovernmeiit and by certain ef the lai-L'e

corporations proviilinfr tliat native wood should he used in preference to imported
species will proiiably result in an increased use of Canadian woods, espcciallv Douglas
fir

CAWnv's FoRKSTS Wn TlMlMR Si I'lT.V.

Canada's present supply of commercial timber' has lieeii estimati-d at from .100
tr. snn

1 illion feet, board measure, coveriiiir an area of approxim.itely 2."0.nn0.nOO
iieres. This estimat(>. wliich is about one-half the forested area of the nominion,
refers only to saw-timber: material suitable for pulpwood, firewood. ])oles, etc., not
being included.

» Campbell, R. H.. "Timber in Canarta,'
g-resR. San Franrisoo. 1915,

ailrlrps.s before (nternational Rngineerlne Con-



8 r<iiti:siin- niiwin ui llliix xa. :,u

lirillsl, Cohnnhi.,: witi, .".O million ..«.« .-oMtainin^' Im l.iiii,,., f,.,.t l,„.,r,ln,ensuro 1.H more „r... saw-tin,!... tl„.u any otl.or provin-,. in tl,o Don,i„ 'o„ I

il Wo
'""' ^^^•""'"•''^ "» t'"-' t"t"l l'"»'"T .-ut^ of th.. provi,,,.. was l)„„^l;,s futh rod cednr. S ,,..r r.uf. .prueo, >* ...r rvnt ; wstorn .vllow pine. 5 p.r oenf weste ,'

laroh. 4 per cent; wosn.rn l„.n,lo,.k, .•) p,.,. ..nt : and tl,o n nmi ukrn.ol ly we c« In e P.n.. hr nn,l o, «,,,„!,. pine. TIk- .v.a.t n>,M,.„ of British C'oh.mb a eon Sthe hulk of the host ,„„l„.r: Oon^.h.s fir. wostorr. homh„.k. wostorn yellow or »oftp"o

.
ruoo DoMjrh- t,r, western yellow p„„>. mountain fir, and lodpopole pine The

i..^ ti'-'l'hiliir'f'T";^
'" ;"'"""' '•"?"^ ""'"' ^^ oom„,or..ial saw-timher, amount-

.f? to
1
h.llon teet, hoard niea-nro. In 101:, spru.e forme,] almost SO per oent of

ond hardwoods the halanee. Kn^, In.ann spruoe, white spruee, mountain fir. bal«an
f r, l<><lge,,olo p,ne, l„u,.h,s fir. ta.naraek. jaek pine, and black spruoe are the importa
^I 'cs prowmp within the limits of the provinee.

imporiniit

The Northwest Territories and Yukon haye no eomn.ereial forest areas at present,
•""' ^'" "'" •"*'"•'- '•'"' ''^"-'l'^- ' ^I"^''t'^<l to supi-ly more than the loeal .lemand.

5<,..;,„/r/H.».,„rv timber area is .•!,.-,^.0.)n aer..s and oontains about 14 billion feetboard measure. The lumber at pr,.sent -ut oonsists almost entirely of spruoe with aNery small i.roport.on of laroh. jaek pine, and poplar.
'

CsSO^OOOOoi'f TT"":
""""

'••f.'"?
'"'''' "*' ^'"tin'l-''- la..<I with about(..^o0,ono.000 loet. board measure, of timber. Spruoe fornio.l O;! per cent of the lumber

"doited."
'""•"""'• ^'"' ""'"• ""' •'"'^"- '' '"•'"^- '" ^''- ."niiVrot rod!

fore^':i:!:;"h;in:';v;m -o"r;'';;o 'T^'
'-l'-.>roduoin. proyinees. its produetiye

f iri, ^ . '
"""'"" '"'''"• ••"ifni'ii'iff apprcximately l.-.O billionfeet, board n.easure ot nierohantuble timber. White pine, spruoe. red pi e Ck ninebalsam fir. tamaraok hemlook. white oodar, and in the soutLrn p.nr .TLrvarityof hardwoods are to be found within the lin.its of the proyinee. In 101.-; white pheformed HO p,.r oent of th.^ timber out: hendoek, over 10 per oent: red ;ineVpr

l"por-7.;";;:" "" ^"'^ """''" ''"' ^-"^ ^^'"'•^- -»•" ^•^->- -'PT>hVd ti: remaLv

90 * ''il'"''
,','•'

^^''''
f"'"'!'"-'^'^ '> li'tl'' '""'•e timber than Ontario and contains aboutSO to ^10 mdhon aeres ot morohantable saw-timber, the speoies present beinj le sax^e

bouM;-;^'rn"^ rr^ ""'t''
"'^ "^"'""*"^- '^•^ ^-""- ^^^ estimated to o,n"bout

1 ,0 b,n,on feet, hoard measure, of saw-timber, tn 191.5 spruoe formed oyer 55r oent o the hmber out: balsan, fir. almost 10 per cent: whi'e pine 15 per eent

OnT
'

t" M ," "V"^\ ^•";/""'-"-l- '^-"^' '-"h "-"I mi.xe.rwo;ds similar toOntario. Tt will he nofeed that Quebeo is the proyinee produoinp the -reatest^mountof sprmv. while Ontario produces mo~t of the white pine.

Nnr /?,•„„.»;,/. has a total for,.st area of about 12 million aore« with «tandin^.mber e^t,m..ted at 22 billion feet, hoard measure. Spruoe. balsam fir. i e hemloelfa 1,. white o,.dar are the important eonif.r .us trees. Tn 191.5 the timb;r out eon^istedof spruoe. S2 per eent: balsam fir. 7 per ,.e„t: ^yhite pine, almost per oent- hem oek24 per oent; and the remainder lactrely hardwoods.
Hemlook.

Sh.n^'r-"'^''
"'""" »"'""" ^"- '^^' ••=•'"-' I'-""--" "f Canada. U,U.

: l.,n,l,or. I.a.h an,,
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uMf T •^',"'"' '" .^tiimitod to luiv.. r.,:u.(m acnvs „f f„r,.>f,l 1„m<1. with iit-oiit 10
billumfoet board moasurr, of conifercm snw-tin.l,.T. Tl>o sixoies are nn.ch the same
as M. New F}r.n.sw...k. I,, l-lir. spru,... f.r.n.Ml ,,raetir;,ll.v .!;{ ,„.r eo.it, hemh-ek 1^ per
eeiit, white pine, nearly 1. per e.'nt ; with hir.vh :mm1 l,.„rteM uther speeie. .upi.lvini; the
niiiaiiUMK 10 |er eent.

Prhnc KJivard Island ha^ l,:i07,700 aeres. o„l.v a ..nail part of whieh is forested
Spri.ee s..p|.ie<I about half n.id hakam fir one-third of the 7,54:! tho.isand feet boardmeasure, of lu.nber produced in 1!)]'),.

The ...timnted total supply of merehnntable timber in Canada is from 500 to SOO
billion feet, board .neasure. while the T-nited f^tates' has 2.500 billion feet or about
four times as mi.eh Russia is believed to have .he largest timber resources of any
e.3untry in tlie w„rld: the I n.ted States is second, and Ca.iada third on the list In
( anada th.Te .s a., enor.nous loss of timber every year due to fire and larpe quantities
are cut, so the supply ,s constantly prowinp less. Better protection against fire n.id
... some eases inore careful lumberinp nu'tbods would po far towards conservinR the
ff>rc>t wr.alth. which is one of Canada's preat natural resources.

Imports and Exports.

Acordinp t.. the 1915 report of the Department of Trade and Commerce tne
miports of nn.namifactured southern pine into Canada were valued as follows for tlic-
tiscal years :

—

1910-11. 1911-12. 1912-lS. 191.V14 1914-15
$2,111,819 $1,929,923 $2,4.3.-,,376 $2,912,363 $1.608,79S

Although a much larger amount of other woods was imported, these fipures proh-
fbly cover the preater part of timber broufrht into Canada for str..,-tural purposes

The following fiKurcs fjive the value of - iiare timber, mnnnfactund from .'oni-
fer -.s woods, which was exported from Canada :—

1910-11. 1911-12. 1912-1.3. 1913-14. 1914-1';
$59S.S07 $852,720 $1,007,878 $346,852 $389,164

L.asmueh as Canada can produce a larpe amount of as fi.ie structural timber ascan be secured anywhere, it appears that more should be known of the qualities of
(.anad.an woods so that the imports of nilar or inferior material mav be avoided
and, at the same t.me. any surplus produce,! over the needs of the Dominion mav be
exported to other countries, or. more especially, to other parts of the Empire
_

As IS stated above, the wood lararely imported into Canada for structural purposes
.s the soi.thcrn lune of, the T'nited States. While it cannot be denied that the hicbest
pradcs of the true lonpleaf pine from the Southern States make one of the best
.structural timbers, it is a fact that selected Douplas fir is quite as pood. Uroreover
thf supply of prime lonpleaf pine is decreasing and the timbers sometimes delivered
BS such may prove to be lower pradcs of lonpleaf or the much inferior lol.lollv or
shortleat pines. Cases are kno-.-n where the use of such inferior wood has occasioned
imich trouble, otten ended only by resort to local procedure, because of the failure of
timbers to meet the requirements expected of the best lonpleaf pine. On the other
hand, vast quantities of the very hiehest crrade of Doudas fir are available in Canada
and the use of this would certainly pive equal, and in some cases superior, results to
those obtained from the use of such lonpleaf pine as (an be secured.

PRP.riPAi, Stri CTiRAi, AVoons.

The heavy structural species of Canada named in order of merit and resources
are; Douplas fir. western hemlock, eastern hemlock, we-tern yelk
larch, red pine, and eastern larch.

low pine, western

1 United stales Fore.st Service Bulletin 83, "Forest Resources of the World." by Raphael

"3mF'--7rm^im-' iF- i
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licsi.l.' thn iil...v... till- s|)riic...s iiro iis.mI larHy in tli.. Kimt fur .ill ox.cpf tli..

Jieaviost purposes, hikI o.rt.un i.iii<.., trno Hrs, ,ii,<l ••...Inrs nro snmofini... cniplov,.!
ll.oso w.,ods, liowcv.T. nro in many .•„.,- nior- rnlunl.lo f„r oth.T pnrpo.es n.id will
prolmblv bo loss iisod for strn.'tur.l purpu-.s ns tlio stron»;or woods IxM^onir mor." aviul-
nblc. Ihe following is h t.r •? statiniont of tlio propertios, olinrnctorisfi.'s. ni.d more
importiiMt uses of tliose wood-. mikI iiichidos also a discussion of tlio ooniparntive value
if tlio soutliorii piiios niid Doiitrlii- fir.

• iiMini. I'hoim:iitiis ..|- \i.i. Woot'-.

^t'urhnr.^Wnu,] i. „„t a lio,n„Kononus ...bstanoe likr stool but is ,„ado up of
hollow til.ros avorajri„„. ,„ tlio oaso ot tlio .onifors, about ,'{ niillimotros „r ono-oiKhth
of an inol, „, lo.iKtli. .Most of these tibr..s aro plaood parallel t„ en.'b other in the
direotion ot the vortioal axis of the troo, wl-;. about 10 per -•.nt soattoro.l in small
proups runniiiR in the horizontal dirootio'. thr,.UKh the wood. Where knots or anv
abeornia prnwth oe,.ur the fibres ore usually found ruiinint^ in various direotion^.As will be des.Tibed later any variation from straijrht >rrain. that i- from the fibres
running' parallel to the n.xis, has a deleterious efTo.f on th.. strength of the wood.

W'^inht p<r Cnhic Foot.—The averaif.. wei-bt per eubie fnol' ,,f ab>olutelv dryCanadian struetural woods ,s from ab,.ut >:, to ;!() p„ui Is. ],i any pnrtieular .species
the woijfht ordinarily varies about 4 i.or cent from the avorape. with oeeasioual values
as mu-di as 1(. per cent below or above the average. Douglas tir and lonpleaf pine in
seneral fall within 2 per cent of the .-.verape, with o.^easional values up to 8 or 10
per cent greater or less than the avera-o. The aetual density of the solid substan-.o
IS the same for all woods, the ditTonn.'O in density beinp aeoounted for bv the size of
the air >paoe m the hollow fibre. For example, in --edar the solid wall substance ismueh less ,n proportion to the op,.„ >,,n,o than in Dotiplas fir. with the restdt that a
.ubio foot of the latter wood i- niii,.h beav i.r than the same volume of the former.

Relation of Sfrenfith to I).nsll„.-The rruMug ..trongth and stifTness in a beam
increase appro.x.mately du-i-tly as the density or weipht per cnhic foot of the abs,,-
lutely dry wood increases ,.e.. the heavier the wood the .fronser and stiffor it will
be. Hardness a-,d stronpth in .•ompression perpendicular to the jrrain increase as the
square of the density, i.e., a speoimoii of a certain woipht per cubic foot, absolutely
dry will be only one-r|uarter as hard .,r as stroufr in compression petpendic.lar as
another sample whi.'h .s twice as heavy, absolutely ,lry. Increase in density causes
a still frreator increase i.: the -^hock-rosi-ting propertios,

MoUlnrr Conlnif.—The wood of the conifers or overtrrecn trees shows a wide
variation in moisture content. Tn the same tree, as a rule, there is a groat differenee
betweon the per cent of moisture in h.-artwood and in sapwood and, in some cnsos
between the upper and lower parts of the tr.o. The heartwood of most conifers has
a low moisttire content, while the sapwood has a very high p.r ..out of mnisfur,-
.amarack has a fairly uniform moi-turo co„t,.nt throughout, whil(> western laroh

i -cause of resinous material as well : inter, i^ very heavy at fbo butt.

Effprt of Moisture on Strrn<ith.—}M,-r,':i.o in the moisture content of approxi-
mately green material affects the strength values very little since the increase in
moisture above about 2.5 to .10 per cent, the fibre saturation point, does not materially
affect the meehanieal properties of timber. .\ .lecroase bringing the moisture content
below 2.-. per cent causes a very ..onsidor ible iner..aso in strength as the per cent of
moisture diminishes, and as a result, the strencrth value may be doubled if the moisture
IS reduced from 2.5 to 12 per cent, i.e.. to the approximate summer air-dry condition
Jn practice, however, the reasoning of timber generally eauses chocking or other
defects to an extent siifrioient to offset mm^h if not all of the gain in strength duo to

1 " Vmi i.iiinn il) WeiKllt
I.oui.s 1 iinul'irtMMTi

SlrviiKll, of Tirnhf-r.'- l\v J. A, Nowlin ; nepiirituil 'rom .St.
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fho (Iryin^r. ^fo^(•(lV(•r, niatiy -friK'tiiral tiiiilicr^ arc likely to nt mo wi't

foro the •'trciiirtli vnliics fnr jrncn tliiilur .irr tlir ^nfc^t fn iiso.

I tlnre-

Shriitkitiif.—All wiMids shrink ns a ruKiilt iit' >tii*(iiiiiit{ liut tln're is a (jrcut ditlrr-

pin'o ill the HtnDiiiit of fliriiikaKP tnkiii)? place in ditfcreiit species. 'I'lie mctlioil of

dryiiitr niso ei.iises a (treat variation in the ."hrinkiitjc and therefore in the wiirpintr.

In any wood there is n trrr'ati i . liannrc in the tiiUK'tntial than in the radial direction,

with the resnit that slash i>r llat-sawn limiher shows innre slirinkafje than vertical i.r

quartei'-sawn material. Nfo.st wood- -hrink very little in dryinc until the cuntaiiicd

moisture is rcdui'ed ! the tihrc -alnralion point, which is uliuiit i.'.5 or 'W per cent of

the weiirht of the spcimcn. Wijcn the inoi-tMre i* lower than tliis, contraction takes

place, the shrinkage heeoiniinf fircatcr as more nioi-turc is removed. From the irrcen

to the ahsoiiitely dry condition ihe shrinknt'c lonjritndinnlly is \isually neirli(;|!.h'.

radially if is from "2 to t> |ier cent and taiipentially .' to ^ per cent: while the -hrink-

V)!v in volume is T and l-T per cent in tlie extretnc i-a-^es, i.e.. cedar and larch respec-

tively, hut in penernl approximately Id )ier cent.

Dkcav A.\n l)i H.vnii.iTY.

Drurut. Decay, r<it or dry-rot in wood was originally supposed to lie a cliemical

r.ction similar to the ru-tiiijr of iron, and the ri. licate lace like plants, tough hrueket.s,

or hrown leathery trrowths were >up))oseil to he attracted hy the decayed wood rather

than to he the cause of the rottitif;.' Since T'TO, however, it has heen definitely

ei tahlished that these growths are the outer, visilile sign of fungi, the delicate threads
of which thoroughly penetrate the wood and absorh much of its substance, the result

heing the so-called rotten wood, the strenjrth of which is entirely destroyed. Tn the

course of constructing a huildinir care >hoidd he taken to prevent the timher froni

hecoming thoroughly wet. In many ca-cs woi.d cdiitains fungus to an entirely

siegligible extent, hut if this same wood is -o.iked in water anil placed in a huilding

with a mmieratily high temperature the fungus immediately gr )ws and cause- a

greater or less deterioration fif tlic woud. Provided proper care is taken in the selec-

tion and handling of timhcrs th danger from dry-rot is low c.Noept under very moist
or humid conditions, and in s\ich ceases treatment with creosot(\ zinc chlorid(\ mer-

curic chloride, sodium fluoride, or -onie other suhstnnci> which prevents fungous

growth, is advisahle.

Durahilitji.—The natural resistance of wood against decay is Known as dural>iliiy.

Any wood placed in a situation favourable to the development of fungi will decay,

but there is considerable difference in various woods as to resistance to decay. The
cedars are (lerhaps the most resistant to fungous action of all Canadian woods.

Douglas tir and longl(>af i)ine are quite durable and western larch and eastern tamarack
otTer con-lderable resi>tance to fungi. The pines, spruces, hemlocks, and firs offer

Itss resistance to decay when they are jihiced in positions favourable to the develop-

ment of fungi. This does not mean that these latter woods cannot he used for many
purposes with iK>rfcct -ati-faction, but it does certainly indicate tiiat many specii

-

shonld not be put into conditions favourable to the development of fungi, mdess they

are properly protected. And this naturally leads to the point that many of the les-

resistant and lower-priced species may be used in place of more durable but higher-

jirieed woods, if the former have been properly treated with creosote, mercuric chloride

or in some other way which prohibits the action of the fungi in them. Very little is

known of the influence of dcu^ity on durnbiiity. The heavier woods are not. iiecc-^-

sarily, the more durable since some of the lightest woods, for example, the cedars,

have excellent lasting properties, while some of the heavier woods are less durable.

Likewise the resin content of snch sjiecies as contain resin, is not definitely proven

to increase the durability. The toxic value of resin is low but the presence of resin

1 Hoxie, F. J.. -Dry-Rot 'i

mice Coinpani''S. 191'.
Fni'toty Timbers" .\.s.sooiut<>il Factory Mutual Ii"iri> Insur-
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»iiliiiicr>rfil ill water. (Spo pliit(»

iH iiiiy of thi' ^pccipi f.rdiiiarily

m wo„,l Hc^.m. to kcT ni.t mniMurr aii.l air 1 ar.pareutl.v a.t. in r,' way a, a
kiii.l of natural pr..,..rvativ... 1, in „ w..|l.kn..Mi fart that p„st« ,-f pitonv wood la^t
iMi.l, loHKor t lan H,„nl«r po.t. hav„i« „ |.,«. rosi,, ..o.it.nf. It is reasonnblr. th.-r..-
U.Tv, to .•oiiM.l.r timt a IiikIi p.r rvuf of r.^.in incrra.-M tlic .li.ral.ilifv of a won,|
)0UKla« ir lia-. .. tar n. it lia. 1 „ ..1. prov..,| to (.. v.ry .lurnMo. In moist .itna-'

t.ons w,..t..rn n.mlo.-k i« unt.,rtnnat, i , .oni.what nnhj-t to dr>-rot And msfrn hrni-
look iH conM,l..r,d to l.o o .f the los. dur.iM.. of th.. wood, u.rd for sfrurturnl piir-
posps. at I.;ast as fur ns r..,i,t«n.-p to d.vay i. ..oiu-rTncd. Kith.r of fl,,..,. woods niv,..
Rood .sntisf...t>o,, nndrr many .-onditio.i., but if th.-y nro to ho plnc-o,! in moi.t'gitua-
lo.iH they ,hould h,. froat.Ml with .om. pro.ervativ... It U, how,.v..r, importa.it to note

that hrmhxk is pcrfictly sati«fnctory if it in intiroly
•

12 and IH.) Canadinn woods an- (piite ns diirnlih'
irnporlf'd.

STHK\(/rir.'

As In.s Urn stat,^ ahov... it is a KeiuTal rule that the houvier a wood [i tho

wi'th'ano.l'" r: 7 "
r'"

'"•• /""%-/'°t °"'y »»« -asc in ..ompnrin^ one «pcciesMt» another but also where timbers of the same species arc examined. The ctTe.-t ofknots and other defe-ts is taken up in detail in the section on ^radiiiR but some of
llie more Keiienil results may be statc^d here.'

The density or absolutely .Iry wei^'ht of woo.l i» usually a .'irr..t measure of it.
strength. \\,.od wita a eonsi.Vrable .l.vc^lopm.'iit of summer-wood is u rally heavierand stronger than wood with a smaller proportion of summ.r-wo.-d

Lheck., and shakes in beams r.dn.e the area wliieh resists horizontal shear andare most hannfnl wh... they are in the eeiilre half of the height of th,. i„Hii,
Very rapid or very slow growth in eonifers usually produces a wood laeking indensity and of interior strength.

»iMng

in siJe''^

""«"«*'' of !'"-"« '"• Pohiinns containing knots decreases as the knots inerease

grai.f"""*^

knots do not weaken wood subjected to compression perpendicular to tl.e

r-arge specimens tested in compression perpendicular to the grain show but littleiiierease in strength due to sensoninp.
If structural timbers are »..asoned slowly, in order to avoid checking, there should

;,n
'

nv'bT
'" *'^'"'^*''-.^"* " '^ ""' -f'- '- •-- "-l^in^r stresses on r;s„Us securedluun iuiy hut green material.

lielation of Loading to Failure.- \ beam loaded ov.t a period of several monthshas been found to fail under a load only two-thirds as great is that require.] to causefailure when the ultimate load is reached within a few minutes.

Relation of Specif
s and dradc to >;trenf,ll,.-lt has been found that the strengthvalue of woods of d.fTerent species ordinarily used for structural purpose doesnnry as much as has been commonly l,elieved. For cKnmple. -2:. per Lt of the tim

'

rom shortlea pmc. an inferior strnetnral timber. ,.i.. give average strength vah.e

woods for structural purposes. T, will thus be .seen that it is ,|,iite as impor ant 7,

Comparative Strength of Different .^pcc->.,,-T!,e results of numerous test, ofsmall clear specimens made by tho Forest Products I.iboratories of Canada Ind the

B,an?h'BXtin.'r'6r
'"""'"""^ ••^''' "^ '"" «"^"«"> '•«""-''- -« "--'"ed in Forestry

lock.-'lfS! R^rn^Tl'-lt''
~ =""^"" "- "M-Kanioa, P.op.Tti.s of We«tera Hem-

^.'{^'^el'c^^!^'"
^-^ "•"'^'- ""• -'^t-t^'h Values for Str.,.,ural Timber.,'' bv
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r.,it..,| Stuto. F..r..t S,.rvi l,,.w ,1„„ woo.U m.,y bo ,.Iu««l in th.. „rd. r .how,, ,„
'II.

•. "I tiM, iM.ll.n,, n„ tl„, ImMS of lifT.ri.r.t .tr..„Krl. vul.i.w. FurtI,. r t,.,i, „.,«

mny K.*,. Hjrurr. M.^htly d,ff..r-„t tro,„ ,;„„o ,t.,i...l i,. f„l,|.. ,. I„.t i„ ^......ml t»,e

Mill {'osnmt-tu.s as an Fsamii.k ,,k t.ik P.^k ., M,.> . rai. Timbkr.

Sl«w.h,,r„ir,« or mill ron.tructi..,, ro,..!,!. in .o .li,, ,>MnK the timber un.l plank
M, h...,vy. H„l.,i ,na,.v, u. to lxikko th. Last „,„„h..r of ,• ,r„..r. or i„nitablo projr.'tion.o firo. to the o>,.l mNo that wh.M. hr.. o.vur. it ,nny b.. „„„t r.....lily rourh,-.l by waterfrom M.r.nk .rn or ho.e. S,Mvi,.l ,-„r.. is t-.k, :, t ,,„r»to ,li,f..r,.„t floor* by .t<.p»and to .-,-,. that nil .,,h,i.« brtu,-.,, tloor. or r-artition. arr .„ protor'trd «h to allow no
.!ra,,Kht in rase ot hro. A mill |,„ilt with tb.-s.. idrn. in virw. who,, prot-rtrd by .uto-
.nat,.- 8pr,nkl,.r. and ,utfi.-ie,.f «at.r ..upply. off.rH on.. „f the b.-.t tire insurance ri»k«and may be insured at a minimum rate.

Alth.M.^h Hon.l i^ ,.,,„,h„stil,|,. it ban Um>„ shown r.-p«>ntedlv tJiat most fire- ,.r.-
due to the contents of a building: rather than to the material of which it is . .ni.trueU.-dlimber post*, for exninple, offer more resistance to tire than either wrouKht-iron steei
or cnst-,ron p.llars. „nd in mill construction are preferable in many respects, ras,-
.,re kn, wn where S- by 10-inoh wooden timbers were only charred in a fire that twisted
lU-inch steel beams to a degree which re.|uire<l rebuilding. (See plate 6.) Therefore
although under certain circum-ranceg it nay »h> better to use c. rcte or ottwr non-
combustible materials it app.ars that a proi^-rly .'onstructed and protected mill ofwood ,8 no more liable to destruction by fire, under ordinary condit.oni. than a mill
built of any other material.

The use of wood i„ such construction is attend( i i.y many other favo-rable con-
sideration.. (1) t has a low first cost. (2) It ofTer.s bctcr insulation to heat and coldthan concrete. (3) It ,s more comfortable and more nearly .oigeless (4) It issubject to alterations in case of any desirwl change to ' ctter adapt the mill space to
• hanged conditions in manufacture.

i»
'

Coinparinpr mill construction with the ordinary type of wooden construction it isfounu that there is but little difference in cost between the two; the fire insura.r.e
rate for the former is one-half the latter, if both are s,.rinkled: and afjain. the former
is better a(la|>tcd to any changes in occupancy. When n building is bein,r consider, ,'

not only shinild a compet.M.t architect be employed but it would be well to find outrotn the in.surance companie^ the standards they require to ^ive the minimum ins,,r.am
e rates. Ibis very brief description of mill construction is ^iven to illustrate thetact that wood can be used to preat advanfatre for certain types of buildings -.vhicbmu-t carry heavy loads and must be well protected from fire'

DlSdiSSIO.V OF THE >r .ST I.MPoHTANT CoNIFF.no! S WoopS OF CaNADA.

IhiM;I.AS Fill.

In 1!m:! there was more Doutrlas «r timber cut in Canada than any other

illkrfi'r' while "iflir^r"'""' ''""r"-'^-.
P'"d"-d more timber than did

, S i ' / Vn V **!f 'r"'*"'
"'"^ ^^'''*'' "'"^-^ •^"t^' P'^d'ced more. Althoughn l.ns the cut of Douglas fir decreased, it may be expected to increase rapidly here-

IrZ
'" '"

k';

p:°''"'=*'°"'
"^ '* i« t*-^ only timber in North America of which greatareas, accessible to easy development, remain untouched. British Columbia cut ^actically all of the fi01.6i3.0.0 feet. b. ard measure, of Douglas fir. worth Je^W a"

1 For complete dlscusFiona «ee

—

'"?:,^i7n""oHL.'^L" r^?'^"'='"'"
Building,." National Lumber Manufacturers" ,^.„.

'''TnU°nce-c;''m5.'''''''^°"^'™"'°""^ «°"°" Manufacturers' Mutual Fi.e
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nil aviTiipre valiip nf $Il.;i2 per tliousaiid feet, wliicli were cut in IdU. In Iftl.' the
I'roductioii was 153,534,000 feet, l)oaril nieasiirc, with an avorago value of $11.76 per
thousand.

Scientitically the wood is liiiown ns I'seudotsuua mucroimta, P. taxifolia, or P.
Dowjlasii. Besides beiiifr called " Doufrhis fir," it is known in trade as "red tir,"
'.\elliiw fir," "Hritish Columbia fir," or "pine," "Douglas spruce," and ''Oregon pine."
" Hritish Columbia pine " or •' OretKin pine " are the most eoniraon cxpnrt names. For-
merly it was called " -.pruco " or " pine " because to call it " fir " would class it with the
true firs (the Konus Ahirx). which are totally different in properties, but imw that it is

better known there is no reason why it should not he marketed under its own name.
Althonph botanicany there is only one species, the mountaiii form which grows where
rainfall is light is a tree much inferior in size and in gineral qualities to the coast
form growing in the more moist climate. Only the coast form is exported.

Dciuglas fir is at |)ros(>nt one of the most important of nnadian Woc.ds, and within
a few years it will probably be the most widely used and lued of Canadian timbers.
It is the largest structural timber growing in Canada or the T'nited States. In
Canada it is found in British Columbia and to a limited extent in Alberta. Trees
have been measured up to 3S0 feet high with a maximum diameter of 1.5 feet, the
largest trees scale as high as 60,000 feet, board measure. This great size places the
timber in the highest class for large timbers free from defects. (See plates 1, 8 and
10.)

The wood is one of the hardest, heaviest. stiflFest, and strongest to be found in
Canada. The sapwood is usually narrow, being not over 2 inches wide. The heart-
wood varies in colour from a decided reddish tinge to a light yellow. Timber from
the eastern limit of its range, from second-growth, or from the centre of old trees is

likely to bo coarse-grained and red but most of the coast variety produce the fine-

grained, clear wood of a yellow colour, that has made Douglas fir famous. Absolutely
dry it varies in weight from about 24 to 34 pounds per cubic foot, with an average
(if apiiroxiniiitely 2S pound-j. The dark s\immer-wood is well developed, is hard, flinty,

and clearly marked, while the sjiring-wood is soft and much lighter in both colour
and weight. (See pla*e If^.) The number of rings per inch is rarely less than eight
Olid is commonly from twelve to sixteen. In generil wood having less than eight or
more tlian sixteen rings per inch is weaker than that ranging from eight to sixteen.

11 is usually of uniform growth and conipar.ntivcly free from knots and pitch. The
average moisture content in green-sawn timber is up to 10 per cent and is fairly evenly
distributed throughout. In air-seasoned timber tlie average moisture may be reduced
to less than 20 per cent, with less near the surface but more in the middle ipf the stick.

Ttapid drying of the surface produce-^ checking but drying, iiropi-rly handled, produces
H fine, sound, clear wood.

So far as structural timber in the Dominion is concerned Douglas tir is by all

means the most important, although there are several other species which produce
\cry good structural timber. .Vccording to recent estimates^ of tlie Commission of
Conservation, the total supply of merchantable Douglas fir timber is abcnit 7.") billion
feet, board measure, and since the tree grows satisfactorily under reforestation there
is little reason to believe the ^ujiply will be exhausted for many years. In fact, proper
protection should insure a perpetual supply.

f/<i7ija/(')H.- noufihi- fir is manufactured into almost all forms known to the
saw-mill operator and a very largo amount of the wood is also utilized in the form
if round or hewn timber. In building trades it is most important, lieing used for
l^>eams, columns, and heav;, flooring in mill construction as well as for all kinds of
dimension stock, joists, floor beams, rafters, flooring, siding, and finish of all kinds
in general construction. (Sec plates 4 and 5.) For bridge, trestle, and harbour work
Douglas fir is superior in many wn.vs to any other Canadian timber. It is largely
used by the railways in the form of ties, piling, car. and bridge material. (See plate

9.) It has long been the most important timber for boats and ships on the Pacific
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coast, being suitiiblo tor both outside and inside work, especially for dei-kiii'r. plunk-
ing, keels, yards, ribs, and finish. (See plate li).) Increasing amounts of Douglas
fir are being used in furniture making and in this line it is particularl.v adapted to
• mission " furnit'irc. Tight and slack cooperage, tanks of all kinds, conduits and
water pipes, paving blocks, boxes, and pulpwood may be mentioned as further illus-

trations of its utilization.

Although the properties of Douglas fir enable it to be employed in such a variety
of ways, it is probably most widely known as a structural material. For this purpose
it is interior to nu utlicr wood and its straight, clear trunks can supply timbers of

the largest size and highest ciuality. Plates 7 and 10 show a stick 46 by 46 inches
in section and T<> feet long which is being used in Montreal harbour, and pieces 2 by 2
feet in section and 100 or more feet long cnn readily be supplied by mills in British
Columbia ccniipped to handle such lengths. (See plate S.) It may be said, then, that
Douglas fir is not only of first value as a timber for nil kinds of structural work but
is also suitable for a greater variety of uses in the manufacture of various products
than any other Canadian wood, with the possible exception of white pine.

Cdmpnrixov at Ihr Sniithorn Putrs with Canadian Slieci's. espcciiiJhi Douiilas Fir.

Till' southern pinrs include several species, the more imixirtant of which arc
longleaf (Pinu.') /la/iw^/.s), loblolly (P. taeda), and shortleaf (P. echinata). Th^y
grow commer i'.Uy only in the southern United States, generally within 200 i '.es

of the coast. P. palustris is commercially known as " southern," " Georgia," " yeiio.y
"

or " pitch " pine, the last being the name under which it is known in England. Short-
leaf and loblolly are seldom sold for use as heavy structural tim' under their own
names but are called " southern " or " yellow " pine, or else a. passed as longleaf,

to which they are much inferior for structural purposes. Because so much inferior

timber has been put on the market as select longleaf many producers are now brand-
ing their product in order to guarantee the timber to be of good quality. Only the
highest grade of longleaf is of equal quality to first-class Douglas fir.

The wood of all the southern pines is much alike in appearance. The sapwood
and heartwood are distinctly marked, the sainvood being yellowish-white and the
heartwood reddish-brown. The layers of growth, or annual rings, show distinctly in
the wood of these pines and the width of the annual rings generally varies with the
age period of the tree, being greatest in early life and least in the sapwood of mature
trees. The alternating bands of dark summer-wood and lighter-coloured spring-wood
are distinct in the southern pines, being generally more strongly marked in longleaf
than in other species. Because of the close botanical relationship between the various
southern pines it is practically impossible to distinguish the wood of difTerent species.
Recent grading rules neglect the actual botanical species but specify certain physical
and structural requirements that bur out any but highest grade loblolly and shortleaf.

In contradistinction to the southern pines the wood of Douglas fir may be positively
and easily identified by microscopical examination, although it is not always easy to

distinguish from other woods by gross examination. It is important to note that
Douglas fir is lighter than longleaf pine of equal quality, and on this account as well
as on others it is entirely wrong to attempt to judge of the value of a Douglas fir

timber according to all the specifications laid down for prime longleaf pine. Results
of comparative strength tests of Douglas fir and longleaf pine at +he United States
Forest Products Laboratory show that for practically all structural or building work
Douglas fir is the equal of southrrn pine. Moreover the wood of Douglas fir averages
20 per cent lighter than southcrti pine, a fact of considerable importance in some
types of construction.

.\ most important point regarding southern pine is the great difference in quality
betwern the best l.iiigleaf ami tin- oilier two .-.pci'if.-i, niiincly. sliorlieaf and loblolly,

which are often delivered in place of it. The timber of these species is lighter, has
much wider snpwood, less resin, is less resistant to decay, and is in particular not so
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abundant, much of the othor t 'S^.t*u,tLT:f -^
"7^f"/ '^, ''-"•""^' '-«

oinlly if the speciH.ntions .,,,.1 L^llLl! \
"";'"'^'"' '" «'''l""""t-- '-I'o-

tin>l,or delivered as Ion. enf piL wi ,

"„ 7^ T'T^' ''"'''^- ^' ' >—" "'"
ti>e enormous supplv of 1 e vor he n ^1 fi n''

'"' ''""'•^' *"""'•''"'• "''••'"'

this timher for ,,se' tl/at therTis 1 ft,? 7 "' ^' "' f^""'"^" •""'«- it so ensy to -e.^ure

favour of Dou.Ia fi oV ienf';;
"'•''',>

i;'"'"'^'
'^""^'' ^"'""^'''^ <"•''•* '"

former may he seeured free o7', ^ ,

^
'
," 'Vl t' "" '.^';'"'^* ""-'-- "f ''""

^np is usually present in hi^^i kl nm. H,i
",'""'^';"^

l'
-"-/'•rnhle per,...„tn.e of

outside eonstruetion.
'*''"'''^' '*' 'lurahilify. e-peei.nlly for nny

ro>npan,tirr shrn,,tl, of l>0H(,h„ fir a,.-d l.n„nhnf /',„,.

.J'::^Z t:::^:i:z::%:^-'^T' tt^ "•"•.•^^ -* ti„. pr......

to draw attention to eert.L'^™ ' .• \
,"''' ^^ "^ '"^'''''^ "' **>'« conneetioi,

parallel tests 11 W .'.id'S^e iwt T •""
"T';"\"^

''""^''^ ""^ ''>•

Laboratories of Canada. * •^"""'' "'"^ ''•^' '»"^ f'"^'^^^' I'rodn.t^

of this m'at^Ha'l are's Sr^s-i " " "''""' "'"^' "^•""^ *'"^ '''^^'^'" "^ " structure

1 Timlier beams—
(fi) Strength in hendin-
('') Strength in longitudiiiiil .shear.
(c) StiflFness.

2. Timher eolumns

—

Str«n.th in eonipressi,.,! parallel to .rain.

3. Bearin- areas of timber beams and sills-
Strength in eomprts.i,,,, perpendicular to frrain.

4. All members

—

Dead weight of material.

Douglas fir and longleaf pine in resortVoL ^ --'omi-arafve ,.roperties of

all ea.ses the strength valu'e^of )X fiH .t Wn el? """"""•'' ''""' ^"
corresponding values given for longleaf piL In e«' .1

"' Pereentages of tl,o

fir exceeds that of longleaf pine The J, r!'
v, 'l'^"-'

*'"^ '^''-»*^*^ °^ ^'^^shs
where tJ.er..v,.rse is tru. tit hjures are t« "'' 'r°"" '" ^"^^-^'"'' '•^•^<^= '"

^'«««

t^^amountsj;^^;;;^^-^^-

Cana.,?^'
"" ''' ''"""" '" '"'••"•«^. division o,"a-,.„b,rr Te^ts. yore.t'^;^,;;,^:,u:;^,;r;::.

- NoTK.-For Uetlnitions of teclmloal ;e,m.s .ee page 27.
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Testa of long duration on timber have shown that if a beam is loaded in excess

of its elastii' limit it will eventually fail. In acordance with this it appeors that the

elastic limit stress is the greatest stress which can be safely used in timber structures,

and it would therefore be logical to base working stresses for design on the elastic

limit stress and not on the ultimate breaking strength as determined in the testing

machine. Thi.s practice is at present followed in determining suitable standard work-

inp stresses for other structural materials such as steel, and it is now being recognized

that the elastic limit is the logical basis for design in the case nf timber as wall.'

Douglas fir should, therefore, be capable of taking a greater working stress in

bending than longleaf pine by the amount mentioned, for the same degree of safety.

This, however, would not apply in the case nf extremely short beams.

2. Strength in longitudinal shear.—All tests show Douglas fir to be weoker than
longleaf pine by from 20 to 25 per cent. In the case of beams so short that strength

in shear rather than bemling strength becomes the deciding factor, longleaf pine
should accordingly be allowed a working stress greater by the amount mentioned.

3. Stiffnr.is.—Not infrequently, as in the ca?r of ceiling joists uiidor certain con-

ditions, the maximum deflection of a beoni becomes the deciding factor in its design
rather than its strength. A stiff timber of high modulus nf elasticity would in this

case be desirable. Referring to the table it will be seen that in the majority of cases

Douglas tir is credited with a higher modulus of elasticity than longleaf pine by from
4 to 10 per cent, although there arc a few exeeiitinns to this rule. It would look as

though the safe working modulus of elastieity for Douglas fir might he taken to be
about 5 per cent greater than that for longlenf pine. In any case the same modulus
could certainly be used.

4. Strength in compr'-ssion parallel to grain.—All tests, almost without exception
in the case of stress at elastic limit and without any exception in the case of maximum
crushing strength, show Douglas fir to be from 10 to 20 per cent weaker than longleaf

pine. A greater working stress for longleaf pine than for Douglas fir in the case of

columns would in accordance with this be good practice.

5. Strength in compression perpendicular to grain.—All tests without exception

show Douglas fir to have somewhat greater strength in compression perpendicular to

grain than longleaf pine, by amounts ranging up to 10 per cent, indicating that greater

Torking stresses for Douglas fir in compression perpemlieular to grain would be
permissible.

6. Weight of material.—All the tests show Douglas fir to be lighter than longleaf

pine by about 20 per cent on the average. The obvious advantages of a structural
material of light weight over one of heavier weight, both having the same strength,

are two-fold:

—

n the structure, leaving greater net strengthd) Less dead weight to be supported

effective for supporting live loading.

(2) Less weight to be handled.

In the present instance the former eonsideration is of little importance because
of the magnitude of the loads supported in proportion to the weight of the material
used. The latter consideration, however, involves a very considerable difference in

charges for transportation and labour of handling.

In the above comparison an effort has been made not to favour either one timber
or the other, existing reliable comparative figures having been taken and analyzed
without regard to their bearing on the result. It is probable that the comparison is

fairly equitable, or even conservative as to the strength of Douglas fir. In the case

1 See Arpendlx II, to report of Committee D-7, American Society for Testing Materiala,
1915. H. S. Belts. "Baals for 1,600 pounds working Stress." (Southern pine).

-i.^'.

'-iWt.
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"fi ^^ii.^ I'"'!"'
^'**''* I I*

'* ""^ '" '•'^ ^""«"" presenting the figures that " in
all of the tests upon which this table" (that from which Ref. 3 figures were tai<en)

18 based, green material was used except for longleaf pine, which was partially air-
dried and contained an average moisture content of 25 per cent. This fact explainsm part the apparent superiority of longleaf pine over Douglas fir

"

In all cases (with the exception of Ref. 8. and. of course, of the Hrnr material)
no mention is made of grade. It is. however, presumable that the material tested
was of average quality and fairly representative of the comparative properties of the
two species, with the exception noted in the preceding parograph.

In all references to working stres-os in the above it is assumed that prnding pules
of equal efficiency apply for both timbers.

T.V|..1> 1. foWAK vriVK l'.l„|.KKTIK.s nK l).>r,;l.As KfK AM, LoN.il.KXK PlNIC. ViUES K, ,H I).,l ,.|.A» KlHAM I'KH.KNTA.^KSMI. CdKllKMI-OS I .IN.: VaI.IKH K(.K LcM.r.KAF I'INK.

( 'I;(SM of S|«ciln<-ll.

.Htfttic Iti'iidiii^.

('uiii|»rfH( '()

I'ArHlIcI tn

Small Apecimfns .

.

Striietiirnl tirrbcr

.

All sizt'f* - A vt'fafi^c

K. .S. at

K. I,.
^r. of K.

»i 3105 7
!K) 1 iw 1

110 (12 3
105 3 - 91 3
10-i 4 !)J 9
10-2 7 95 !)

106 3 97 .')

123 M 110 7
105 3 8.-) 4
126 109 8
IIT B 112 6WO Hr.»

M. of K.

103 7
97 4

103 9
103 7
104 .^>

!Ki 1

103 7
no H
!HJ8

1110
112 3
1114

V. 8. lit

K. h.

100 2

79-6

94 I

M)

C. S. at
M. L.

9rB

9rH
93 7
94 2
72-8
HHT
72 9

'-f^

i.S."

5 fd

109 O

100 3
1116
lOO'O

^1

7H 6
S3 r>

79 4

89 9
70

W.iKht.

83 .

87-

1

8<l II

71 8
80 t!

Ref. .Vo, References.

Air-dry material (both species).
Longleaf pine partially air-dry.
Doubtless the same aeries of tests

6

U.S. Forest Service Bulletin 108. p. 20, Table 1

108, p. 21. " 2.

88. p. IS. ' 3.

189, p. 4, •• 1.

as No. 1.

C'ircul.ar 213. for value for longleaf, and Forestry Branch Bulletin
No. 60 for value for Canadian Douglas flr.

213, for value for longleaf, and U.S. Forest Service for

, .,
value for Douglas flr.

183. p. 24, Tables 1 and 2. (8-Inch by Ifi-lnch and 2-

5 „ '"ch by 2-Inch, only comparable sizes)
« "

Bulletin 108, p. 65. Table 8. Structural timbers graded by same
rules. (Grade 1).

* " "
Circular 189, p. 4, Table 1. (Average all sizes)

Technical Terms Defined.

», fj,,
modulus or coefflcient of elasticity (M.ofE.) indicates stiffnesa and mnv be defined

stl-ength.
' " det'-'-mlnes the ability of a beam to resist bending within its elastic

a hJm jSnr.«'/,tf^„UK*'?"^
'""'* <^-^- '' *=-^> '^ proportional to the maximum load whicha beam will carry without showing a permanent deformation when the load is removedA beam loaded beyond its elastic limit win ultimately break. The modulus or coefflclentof rupture (M, of R) is proportional to the load sufficient to cause such T failure

"'^"^"^''''^

.i„.i iiv.'i?"'.'"'^"'''"'
»*;»"«' *° the grain the specimen being tested is placed with Its grain ver-

Jh^^rnTS f
'"

<=rj"'*"i2"
P"P«n<5"="'a'- (Comp. perp) the grain Is norlzontal. I e..n the former

n ti. ?, fo!?';?""*
''°

""^i 'I"""' °' '°''=« " P*"-*"*' to the longitudinal axis of the fibre whiteIn the latter It Is perpendicular. The rnmnrenolve .tress -t maxim-m '.-.- -n k " if ~ . .

the actual load being carried In compression parallel when f'ailu
">

takes"place
-'''''

i™.«rH,
^"""^

^',''*"*'V'-I?
*''*' property which prevents the flb.<.s of wood from sliding over

ln<Ung'o i'ak'iK "" '"*""''" " ""'""'' ^ '""'^ '"'"='' ""'" '" ""« «"*»'

v: .,!-.
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i'liirs of IhiiiylttM Fir,

Althouifti in Tallies 2 mid .'! tlio sfraiid iivcruKL' priocs for tlic difftrciit «.|)4'imc« ..f

limliiT lire given, attciitioii i-* callpd to tlic fact tiial these tiKiire* are f..i.l). at the mill.
Ill order to arrive at tlie actual price in Montreal, for example, it is necessary to add
freiRlif charge-, reckuniiitr tiiat l.OiX* feet, hoard measure, weiitli in the vicinity of
?,,:m) pound-. For a more speeilic exnniph' take I)ouk1;is tir which at the present time
sell- for ahout ^i;i jx-r thousand at the mill. The price delivered in Montreal will he
$i:i plus tliirty-three timi's 7<i cents (the fn'ii,'ht rate heintf 7t> cents jier huiidredwciplit
and 1,000 feet, hnard measure, of Uon-la- tir weinhiuK ;!,:ioO poinids), or ahout $^6.10

Pl.MK 15.

UoiigUx tir, iiieil In (hiiibuiMing in British Columbia.

per thousand feet, hoard n^easure, for carlo.id lots. At this date (1916) Douglas fir

and lonpleaf pine sell in Montreal at the same price in the size 12 by 12 inches square
and 22 feet long: larger sizes are less in Douglas fir hut smaller sizes are loss in

southern jtine. It is an important fact that southern pine must be reckoned at over
4,000 pounds per thousand feet as compared with Douglas fir at 3,300 pounds, and
furthermore that ir.crcnscd fr,c;iitip= Irading to lower rates in Canada will very greatly
reduce the price of Douglas fir in the East. In the West, Douglas fir is much choaper
than longleaf pine, and is use.l much miirc commonly than in the East.

ffPff
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W..s,ern lM.mi.,,.k (V-x,,,/,, /,W,.,o,,/,v//.n is l„,nul in<n>.ml« „. a .•onm.r,-,,!
M.«'.,.s only ,„ Hr.f„h Coluinl.iu, wlur.. it o.v„rs „.. „„ oxrellei.t UuLr
11.1.-.. ••».Or.!>.0()0 f„.,. l,o„r,i n...a.Mn.. worth »-.:, 6;t: Tre

*
,1

' H
'

l

"

Wo^ter., h..n,l,M.l< Im. „tr..,. lM.eu <.u„Hid.r..,| a,. i>,feri.,r wood. ,.s,,..,.i„ilv j,, I,,,,,
1
t,eH whore ,t >. ,.,.t wl know,,. Tho roM.It. of n-o,,! inv^.ti^^ati,,,. ,f it ,r Ir s

tz:!zj::r'"''
"• '" •""••""•'^'' ""' """ ' ^-^ •• " - - i-.'^-t

\Vt.st,.rn h..mlork is known „n.h>r n varir.y of n..m..s i,, .litT.-r.nt h.,.nliti,.s .,„dH oft..„ «,v..n a h..,,t.o,H nnm.. for .!,.. pnrpos.. of as-i-tin.^ in .nnrkHin.- ,1 o L. ,«.Tta.n ..on,mrr-,al orK,.n,/,>tion-. how-vr. are h-^innin,. to ,,la.v homl -k n h,!P.«r H ,.„. ..r „, own nnu,,.. Tho .-onnnon na„,..s in ns, ar- " L„d 'k

''

'\ .^

"
h.-mlnck." 'hor,>h...k spru-..." •• w-strrn homlo,!- spru.-..,- " wstorn jLlook fir

•>

tir and Alaska pmn ar,. son.ot.inrs usod in tlu- W.-t. whiK. in Knpiand " wrsfrrnnpitiiock hr and " I'ri,,,.,. Alhort fir" nro usrd.
'.n^ana wostorn

forJ'"'
'"'"""'"';;' "f ""^•.''" ''"'"'"'•'^ i' "'most whit... Thf yeliowis),Mvhitr snp,w ,„1orms a very small oporfon o tho trnr.k and i., gonorally not ov.-r onn innh i, I.i.-k..ess. The green wood ha. a distinctly s„„r odonr. which is not present i„ e„s , edmatorud It .s not.-d for ..oldin^ nails, i n-rosinous. and is r.,,n,..d to

"
s . nZtby .nsoots vernnn white ants. rats. a.,d tnice. It works snioothK and takes paintnd vnnush well. I he l.,n,her is sometimes mixed with Pon^Has Hr and sold and" edlor the same purposes. "

Western J.emloek is M.l.aM,, („r all l,„t t.he Heaviest eo„stn.etion work It hasa hm.ted nsc tn hnd^e and trestle huildinp: and has heen employ,.! in ealsson eonstruc-

o '•„ moT't
'"*'"''"'"• '•""^^•"-'i'.'-.it i^ .ouitnhle for under water work. f.See plate..an. 1^.) In house oonstrnet.on U >s used a srre.nt deal as a framing material. Fortn.s olass of work ,t .s sat,sfa<,ory. and. locally, hrings the san,e prices as Douglashr. W .stern hemlock in .earg., >h„m,ents com.nan.ls rhout the. same price as Douglas

WKsTKHN I.MKII.

Wost.rn ianh
(
hnur o, ri,l,.„Udi.s) is found comm.Tciullv only in British ('oii.in-

lia. it IS sometimes known as western tauuira.'k or hackmatack but yields a wood

'^ZV^7T^^V^'> V" Tf'"'-
'" ^^^'\' -'^-"-'••VJOO feet, board measure, worth

*.i62,0b9 at $12.92 p, r thousand feet, were pro.luccd. It ranke.i seventh among Tana-dian woods cut m l:-::; and tenth in 19ir,.

I.nn/" rt
^o-J ti- annual rings show distinct dark-colonre.l and light-colourrd

bands. The heartwood .3 rcdd.sh-brown m colour and the .,,pwood yellowish-white.The latter runs from one-half to one and one-half inches in thi.-kness for trees up
to 3 feet in diatncter. Knots are generally sound and not over one and one-half inches
in diameter. Ihey are common and frequently occur in groups or clusters Western
larcli IS subject to ring shakes and trees are frequently hutt(>d to get rid of this
defect.

Western larch is a hard, heavy wood, liaving many of the qurdities of Douglas
hr and is often found in the same uses. It is used to some extent for cross-ties and
has given satisfaction because it is durable and holds spikes well. Its hardness fine
grain and pleasing reddish colour are making it more an.l more popular for floorinc
and other forms of finish. The chief use of western larch as a structural wood is in
local railroad and mining :tres, and for framing. I^rch is not as stronir as Douglas
r.r, and considering also its limited supply, will have no such importance as that wood
as a structural timber, but as the grading of structural woods becomes more refined
on the basis of fundamental qualities, larch will undoubtedly have its markets
extended.

K- I.
V-
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EAHTKRN IIKMI.OCK.

KastiTii hctnlni'k (T.iiKja cnnadfnuis) '\* somotimr-* kiuiwii ns " lirmlnc|< jipriici'

"

or " lii'mlofk fir." It iH found in nil tho pnivinci's rust of Mnnitolm but Ontario pro-

duces mui'ti mor. of the timber tluiii nil the other-* together. In lOl.'i the iivernifp

value per thou,»:uid feet, hoard measure, wnn about $11; the total eut, 21 t.onn.OOO feet;

and the total value of timber produeed, 2,0S.1,07S. llemloek ranked fourth in quan-
tity of timber out and in value in 191S.

The wood ia reddi^*h-hrown in eolour. The sapwood is diffieult to diiitinKuiHh

from the heartwodd. The anntinl rintjs are distinei. The wooil is fairly stiff but

ratlicr hnr-<h and splintery; it holds nails well and is suitable for many purposes in

plaeo of more oo<itly woods, as for example, when used in nnder-water eonstruction.

A larpe proportio:i of the hemloek timber eut is used in its ro\iph form for joists,

rafter^i, boxes, eoncrete forms, roiistruetion lumber, ete. The remainder is further

ninnufaetured into tltiislied produets before nadiiiiK the market.

WKSTKRN YEI.I.OW PINK.

Western yellow, western soft or bull pine (Pinus pundirosa) is limited to British

(,'olumbia where in 1915, 3.'>,lti(!,0<)0 feet, board measure, of a total value of $457,758

and uveraRe value per thousand feet of $1">.02, were cut. It ranked eleventh in amount
among Canadian woods fir 1915.

Western yellow pine has furnished a large part of the bridge and trestle timbers

for railroad building in the western mountains and the plateaus. Its uses range from
ihe coarsest construction to the making of patterns, as a com{)etitor of white pine.

It is used largely in house construction, for flumes, as a mine timber, and for bridge

work. The lumber is widely exported, and reaches New Zealand, Australia, Kngland,

Ireland, Scotland, the continent of Europe, and elsewhere.

The wood is softer and lighter than Douglas fir or longleaf Southern pine. Wes-

tern yellow pine is not primarily a structural timber, but one more adapted to shop

u.ses, planing mill products and finish, and because of its soft texture, white colour,

and non-resinous chnnicter, is marketed lurffi'ly as " western white pine." There seems

to be a great variation in the wood, which is sometimes hyd and strong, while in

other eases it is very soft and easily worked.

TAMARACK.

Tamarack (Liirii laririiia) is fi>uiid throughout Canadr. but is nowhere cut to any

great extent, only about 8,000,000 feet, board measure, valued at approximately

$130,000, being produced in 1915. Most of this was cut ': Ontario and Quebec.

It is at present a structural timber of minor importance and is used only locally

It is known also as "larch," '"hackmatack," "American larch," "black larch," and

'red larch." The wo id resembles red pine. The prain is rather coarse. L\imbermen

recofrnize two vflrietie< of tamarack, the red and the white, the distinction being based

on the colour of the hrartwood, which varies with the soil and climate. The wood is

used in shipbuilding, sometimes in the form of knees, and also for spars and masts,

pnd for ties and telegraph poles.

RF.n I'lXK.

Red or Norway pine (I'ir.us resinosa) is one of the trees whicii is found prac-

tically only ir Canada. It occurs in all provinces east of Manitoba but more than 80

per cent of the cut is in Ontario. In 1915. 122,387,000 feet, board measure, worth

$2,206,840 at an average value of $18.03, were produced in Canada. Of this Ontario

produced $1,873,955 worth. In 1915 it ranked sixth ainong the timbers cut in Canada.
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A fifty thouKiml galliiii water tank i.nilt <if reel iMnf, Montreul. Ked piiif i- the bent Eaiit*Tii
CanaHiaii wi-od fi>r thiH |>nr|M>»^.
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'I'lii' woiil lm< a raflii r innr-t' ifrtiin, iiiiil i* «(imi'wlmt rftiiioii*. lyinij hrtwt'eii

ivhite piiip ami piti-li pint' in this ri«)M'i'». In 'nlMiir thi> linirtwixxl is linht Tn\ ami the
i"ipwo<iil .v«'i. »', iir <if(''ii nlriio»t wliito.

Tlw! piiio \\i\* fiiriiiiTly miH'ti u«til in riiii«trii.'tiori nnrk, luit now jt i« rcplarcil

1..V pint's from tin- S.iulliirn Sinlf. anil thi- wcm..U f'r,,ni llritiMli Culiiinliiii. Tln' *i«'<miw

in Ptill u«rd to tiiiiie extpiit, Ikiwcvit, for »friu'tiiriil p>ir|Ni«i'«. The wooil was larifply

iixil ami !•< Rtill *i-f<l. Inith in ('nnailn ami Knulaml. f.ir ninst«. upar*. piliritr. and dffk
plank. It i^ iiw.l .|«i'iii||y in car "Iriidion, inilmlini; -ill* and franu>-«. Ft is I'Mti-

<id<TiMl fii 1«> till- lii'st KastiTM r'unadiaii wood for paviiiff blockit and for con«truction
of water taiikn. (Sop pinfo 1*1.)

I'l VTK 17

Kiuti rn whitf iiinr, tiiiilx-r uii the ict- wkitinK for tlie ipring thaw

TIIK SIMil (KS.

Till' ?i)ruct'>i coliwtivfly supply nnirc liiniliiT and have a hiaJur total value
tlian any otiicr kind of w 1 in Canada. lu VM'< spriico lumber to the value of
almost )i>24.ii()0,ll(K), was prndu I, mo^tly in (Juolvee. \ew Brunswick, and Nova
Scotia. l)f the diiTerent species wiiite spruce (I'irin rnnadfnsis) is fotind in nil

tirovinces, red spruee {I'lrcii nibru) iti Ontari.i to a small e.xtent. but more com-
monly in Quebec and the Maritime Provinces, black spruce (Pirea martana) in all

trovinces. Knprolinann spruce (I'irca Enprlmanni) in British Oolnmhia and Alberta,

and Sitka or tideland spruce (Pice-a sichensit) in British Columbia. The latter is

the Inrpe-st of all the spruces and formed about one-half of the spruce cut in British
Columbia in 1015. The average value of spruce lumber in Canada in 191.'! was $l.'i.24

per thousand feet, board measure.

The wood of all the spruces is much the saiiK<. None of them produces especially

strong or durable timber, but for many purposes, including joists and light structural

li.
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tiriilur, tlu',v nr." i.uti.lii.-t..ril> ii..<l tn n viry Urge cxtpiit. Spru.-c liitnlMT i-. iiHe»l

for a Krt'flt vnriety of miiiiiifii.tiir.il Brfi.-I.>«. for in»idf nml mitM.lo tiitixli. lioxr*, rlr.
Knormoim amoiintx nrc cut in Kn.t.rii ('iiiuuln f.r pulpwo...!.

The wocmI i-i dull whit.' wiiji rii> .litT.r.'ii.T h.'tw.'fn th<> «ii|p«.i,,.| himI hinrtwo.xl.
Sonictini.'H th." w.khI ix har.l t.iit ni-.r.' ..ft,„ It i, ,oft. .frniuhf ifriiin.-.l, nml ..„..ily
w.irk.il. (Svr jihifr !•«.) I'll,. l,|„rk •.prii.'.' i. iippiir.nll.v ihf -tmiiif.-t aii<l iii..,i

iluriiMf ()f the «|)rupon hut in iiuiny h..-iiliti. < .lor« not rfiich «n\v tiinhcr *'\/c Whit.-
M'^ 'e i« the moKt .•omition nn iiio.t iin|.ortniil -prur.' in the I'rairi.' I'roviii.-«M nml
enjii •.Br.l. cx.M-pl in tin' Miiritimi' I'n.vim'.^, «h.r.' r.wl sprurr i» nmr.' iihiimliinf.

IMriiKTWl \MHi|.n \or Mill I Tl HAI, TIMBKIIN,

rill! other fonilerou* woo<l» of Cuimdu, while sometimei iiscl f,,r iitflit hiiililin«
purjioxe* and to u Uirwe extent for tiiii»h, .-unnot Ik' claxs.'d a* HtruenirnI tiinlMTH. 'Tini

most imih.rtant in white pin.' (I'ihuh Sln,h„s-\, whi.h r.ink.'d xefoml in niiiount in the
production of I'.tl.'i nnd wa* s nd in viilu.', h.-iiuf worth i|il7,Jtir.,2»lH, ( S,.,. plate 17.)
The triH- oecurM in nil fnnmlii ,n<t of Miinituhn. but Ontiiri it more tiimi tiveseven'lw
of the totiil lor l!»i:.. In KiiKland it in known n* "Weymouth" or ".v.'ll.iw" pine.
The we>.terii whit.- pin.' il'inii.s moi)li'„l,i) of Briti->h Coiiimhia. yi.'l.k a v.ry similar
w.iod t'> the eastern wliit.' pine. Hotli are li>fht. soft. straiKht-tfrain.'il, and easily
worked. Till' wood is jirohalily utilize.! for a jrr.^at.T variety of manufai'tur.-.l articl.M
than any otii.r Cana.lian K|H'.'ie.s. .'n huildinptu it is es|>e.'ially used f.r all kinds of
tiiiish and in (f.'ueral for all purp>jses where strentrth and har.lti.'ss an- not of tirst

impiTlance. The lodj{e-po|.. or wtjstern .jack pine il'iiDis Miirnii/iina), Krowinit in

Hritisii Columhia and Alherta, produced about $lfX),0O<) worth of lunib.r in liU.";. This
tree will probably U-come more important as the country is o(«'iied up. Tl,,' eastern
jack pine (I'inus linntiiantt) yields a much less vuluabii' woo.l, thi.iiKli alniM-t >|i|(hi,.

()00 Worth of its lumber was cut in 101.'. in the provincs east of FJritish Columbia,
nearly all of which was produc.>.l in Ontario and Qiiehe.'.

True firs do not yl.'M valuable structural timber, b.'inir in general soft and w.nik.
Ualsnm tir was <|ut to the value of $3,;tL'7,8,19 in liMf.. This figure includes the ea.steru
balsam fir (Ahirfi },nhnm<a), whii'li occurs throuirliout Canada except in British
Columbia, the mountain or alpine fir (Ah'w.s hisi,r;irim) of British Columbia and
.\lberta. the nmabilis or lovely fir C1'/(V« nmnhilis) of British Columbia, and the
western balsam, lowland or ffrnnd fir ( .M-irs (imiidlx) of British Columbia.

Tb.' I'.'dars cannot lie classed as structural timbers, though tlicy are soinetim(;s
I'-ed. I'sprcinlly plar'ed in the pround, because of fli.ir resistance to decay. I'racticnlly
ill of the western or British Columbia red cedar tTKuja plirnta) is manufnctiirei!
into shinfrles and sidiii)?, nnd the eastern white cedar (Thuja orridculnlU) is also
Inrjrely used for shinprles. In 191.') the w.-st<Tn red cedar of British Columbia pro-
dueeil nearly $1,000,01)0 worth of lumber and the white c.xlar in the pastern provinces
over $200,ftO() worth. Chnm(re!iparU ndotkntcnsi.s. the yellow cypress of British
Columbia, is valuable but not so common as the British Columbia red cedar. None
of these woods last mentioned is suitable for heavy structural wrirk, and white pine
and red cedar are far too valuable for special purposes to be used in heavy constnu'-
tion.

CiRAniNC.

The purpose of pradinp rules is to separate structural timbers into classes in such
a way that the material in any one class will be of approximately uniform iiuality.'
Oradiiip rules must be based on test data and a knowl<'d>.'e of the re'iuircments of tln'

trade and the ability of the producer to meet thi'se reciuircnicnts.

Strenpth nnd durability are the most important qualities to be known in th
of the wood of structural timlers. In order to select material properly for :

^ -ase

(jiven

1 " Siructiiral Timber in thf t'nit.-il St.iti .'i,-

piesentetl at Int.rimtional Fnsrlneering riini.'ic'.s.s.

l).v H S Belts .in.l W. B Gree!. y : Paper
San Francisco, i;»l".



34 FOHEHTKY BKASVH HLLLF.TIS .Vo. 50

use a knowledge of the influence of the various physical characteristics of timber on
its strength and durability becomes necessary. The characteristics which may be con-

sidered in judging the properties of timber are density of wood, direction of grain,

moisture condition, proportion of sapwood, and, in addition, defects such as knots,

checks, and shakes.

Density.—The strength, hardness, shock-resisting ability, and stiffness of wood
vary with the weight in small, clear, straight-grained pieces of the same moisture
content. As the weight increases the strength increases. It is, therefore, necessary

Pl.ATli If.

Fhotusraph of white spruce (left) and Poiiplu fir wn' right), crofs-sectioD, natural eize. Note the
alternating light and dark b»nd», the sprinK '<>ou and suinnier-wood. The •ummer-wood
in the Duiiglat fir \» much denier thian that in tne (pruce.

to have some means of estimating density by visual inspection, and this may be done
with a certain degree of accuracy by determining fie proportion of summer-wood. By
summer-wood is meant the darker, harder portion in each annual ring, formed during

the latter part of the year's growth. (See plate 18.)

Very little is known about the relation between density and durability. In fact,

it appears that qualities other than density often affect durability to the grefttest

-.'ir>+'- iW
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Pl.ATK 19.

Pin« wood, showing otom emin around a large knot.
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extent. For example, tlie essential oils which occur in the cellars cause their wood to

he in the class of woods most resistant to fungous action, while the much more dense

hemlock is far more subject to decay. As is stated above, there is little established

data couceminjr the resin content of pines being a means of judging their durability.

Direction of Grain.—By grain is commoidy meant the annual rings which mark
the yearly increase in growth. Logs should be sawed in such a way that the grain

runs parallel to the faces of the stick, for if it does not the load which the stick will

carry will be considerably reduced. (See plate 19.) If the fibres grow naturally in

the tree in a spiral manner the result will be a natural spiral grain which likewise

reduces the strength of the timber. Such spiral grain car often be detected by the

diagonal direction of fine checks on the flat sawn s\irfacc oi the stick and can be posi-

tively recognized by splitting the wood.

Moisture.—While the effect of moisture on strength is very marked in small clear

pieces it is much less in evidence in large structural timbers. This is due to the

development of chocks and shakes during the process of seasoning the larger material.

The durability of green wood is in\ich lower than reasonably well seasoned wood

placed under the same conditions. Careful seasoning is, therefore, necessary if timber

is expected to last for a considerable time, and in some cases where timber is placed

in moist or hiiniid situations preservative treatment is desirable. Since green timber

is usually subject to shrinkage and more or less distortion it is well not to use it for

permanent structures.

Sapwood.—The proportion of sapwood in a stick of timber does not affect its

strength. Sapwood is, however, less durable than heartwood and only a very small

proportion of st.i,>vood is allowed in the highest classes of structural timbers. If the

material is to be given preservative treatment the presence of sapwood is not detri-

mental.

Defects.—Knots, checks and shakes are the most common kind of defects affect-

ing strength. In timber for use as beams the influence of knots is largely a matter of

location. Fipnro 2 shows the Ignited States Forest Service method of dividing a beam

into three vo ines with reference to the location.

yumerous tests have shown that knots in Volume 1, which occupies the lower

(|uarter of the central half of the beam, have considerably more weakening effect than

similar knots occurring in other volumes. Loose or rotten knots are, of course, more

harmful than those tiglitly attached to the surrounding wood. A comparatively small

knot situated near enough to the lower edge of a beam to divert the grain is more

harmful than a larger knot so placed as to allow the grain to bo continuous in passing.

In some cases knots near the neutral plane may act as pins and tend to strengthen a

beam against failure in longitudinal shear.

Checks are caused by stresses set up in seasoning. Structural timber in large

sizes is difficult to season without more or less checking, even under favourable condi-

tions. A shake is a separation between two annual rings, which generally is confined

to only part of the ring, but sometimes it is complete. Shakes are ascribed to the

bending action of wind on the standing tree. Though present they are frequently

not apparent in green timber but become evident later in seasoning Both checks and

shakes weaken the ability of beams to resist horizontal shear in proportion as they

affect the area of the beam near the neutral axis.

In the case of a stringer, 8 by 10 inches in section, tested in bending over a 15-

foot span, failure may occur by tension or tearing apart of the fibres in the lower

part of the beam, by compression or crushing in the upper part, or by shearing along

I he neutral axis. The results of shearing tests on small clear pieces show that, under

the conditions given, failure would always occur in tension or compression long before

the beam would have reached its maximum shearing stress, provided the shear-resist-
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iiig area whs intact. In tests on commercial material, li,.\vevcr, liori/ontal 4icar is
a common form of failure, due to the fact that the area that resists shear is fre-
quently weakened by checks and shakes. A comparison of the stresses obtained from
tests on 8- by IG-inch by 16-foot stri lifters and small clear pieces, shows that the shear-
rcsisting area is frequently reduced about 50 jier cent, due to cliecks and -hakes.

Checks and shakes influence the durability of timber by alluwinjf the co!le<-tion
of moisture and the formation of cnditions snital)le to the propagation of funffcu-t
crowth Knots have little effect on durability one way or the other. exr,.pt in ca=es
where they become loose and fall out, Icavinfr holes that arc apt to c..:lc,.t nuM-nurc
anil t'loduee conditions favourable to decay.

GraI)i.v(; Ri i,ks \Mi Spkciikatkins i-ciri .'^ku en km. Timher.

At the present time, a large number of different rules and specification for the
(Trading of timber are in use in the United States. Practically all of the lumber asso-
ciations in the United States have adopted rules for the purpose of classifying the
lumber manufactured by their members. The railroads also have specifications for
the selection of their timber, and a number of engineerinR societies have from time
to time brought out timber specifications or grading rules. Some lumber associationsm Western Canada have adopted specific grading rules, and general rules for grading
lumber are given in the annual report for 1012 of the Cana.iian Lumbermen's Asso-
ciation, bat neither these nor any other rules have been adopted bv the latter associa-
tion.

The most efficient grading rule is one that will pass the largest amount of material
suitable for the purpose intended and throw out the largest amount of material not
suited for such a purpose, Afany of the present gr:)div.g rr.l.-'s ar- either very -'cncral
and loose, or else so rigidly drawn as to exclude timbers of high strength. TheMlow-
ing are examples of grading specifications, .some of which cover onlv one grade, while
others ha fe several grrades :

—

*i4Ji^''>t
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niMMKHCIAr. sri:( IKICA'lIliNs.

Spccificaiion A.

Specification A is used Iiy one of the Icnilint; trnnsi'oiitiiieiitHl railway sj-iems.

All timlier must lie of the be>i <l(^crilltioI] of the kind required. It must be sawed
square and to proper dimension^. It must In' free from nil loose, large or unsound
knots, sap, sun cracks, shakes, wanes, or otl.i' imixrfections or defects which would
impair its strenfrlh or durability.

Specification B.

Speeificatiton B is used by the I^thmian Ciinal Commission.

Stringers. ^)ou(r'as fir shall show not les^^ than So per cejit heart on ^ny face ami
not less than "0 per cent on any edge; it sliiiil .<lio\v not less thnii nn average of twelve
unnual rings to the inch. Sound knots less than 3 inches in diameter shall be per-

mitted in the vertical faces of the stringer at points not les- than one-fourth the depth
from the edge of the piece.

Specilxcalion C.

Specification C is the standard adoi)ted by the I'acilii- Coast Lumber Manufac-
'urers' Association (now the West Coast Lumber Manufacturer-;' Association) in 1911.

But very slight changes have been made in this set of grading rules since 1899 :

—

"Clears" shall be .sound lumber well sav'ed, one side and two edges free frcim

knots and other defects impairing its use foi the probable purpose intended. Will
allow in dimensions larger than inches by 10 inches pitch pockets when not extend-
ing through the piece; light-coloi...'ed sap on corners not exceeding 3 inches on face

and edge, knots 2 inches and less in diameter, ac ording to size of piece, when on one
face and one-half of each corresponding edge, leaving one face and upper half of each

edge clear.

" Selects " sbaU be sound, strong lumber, well sawed. Will allow in sizes over
P inches, knots not to exceed 2 inches in diameter, varying according to the size of

e piece; sap on corner not to ex<'eed 2 inches on both face and edge, pitch pockets
not to exceed 6 inches in length. Defects in all cases to be considered in connection
with the size o' the piece and its general quality.

" 'N[erchantable." This grade shall consist of sound, strong lumber, free from
shakes, large, loose, or rotten ki.ots and defects that materially impair its strciigtli,

well manufactured, and suitable for good, substantial constructional purposes. Will
allow slifht v.Triations in sawing, sound knots, pitch pockets, and sap on corners, one-
third tlie width and one-half the thickness or its eciuivnlent. Defects in all cases to

be considered in connection with the size of the piece and its general quality. In
timber 10 inches by 10 inches and over, sap shall not be considered a defect. Dis-
'•oloratii)ns through exposure to elements, other than black sap, shall not bo dc in '.I

a defect excluding lumber from this grade, if orhcrwise conforming to merchantable
grade.

"Coninion." This grade shall consist of lumber liaving knots, sap, and other
defects whicli exclude it from grading a< merchantable, but of a quality suitable for

rough kinds of work.

Specification D}

Proposed specifications for selected structural Douglas fir bridge and trestle

timbers; American Society for Testing Materials.

1 The proposed sppciflcations are of a tentative nature and subject to change ; they are
not as yet accepted hy the American Society for Vesting Mpterials.
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I, i>i:i'j\iTio.\s.

1. Tlic folldwin^' (Ictiuitioii- iirc ii-ril 111 coMnocjioii w'tli thi-'s 1' >lii'i-llifiitinii^

«tr„ofl, . If-
' "",'.'""' "'^' '^ f'O'Mpose.i of two di.tiM..-t tvpos of » istructure, namely, the ,...n,us ]i,l,t-,.oIo.,rcd u.mI litrl.t-w.MKl.t -prinK- vuo.l formCn-M,,. the hrst part o the .^rowing season, and the hard, dj^.so. and darC^nn,n er-vvood formed during the latter part of the KnnvinR season

Tt is ^
^""^""^r-wood Summer-wood is the hard, dense portion of the annual n,,..It IS darker in eoh.ur than the more porous si.rinp-wood

it, fit '^T"1 "f .'''''"''f

^''''''- A sound :.,d tipht Knot is one «l,ieh is solid aero-s

or r.sl^i" r"; "^,r
^""^ '' "'^' "'""' '^"""""d"'^' i^ '".'1 i> -. fixed bv -.rowthor position that It will retain its place in the i)ie<'e

(d) Encased Knot. An encased knot is one uh.-o ^,rowth rinps arc not inter-grown and homogeneous with tl,e growth rings of the piece it is in. The e ca- n e,

U

may he partial or complete: if intergrov.-,, partially or so fixed hv growth or posi i ",

^.^_

(e) Loose knot. A loose knot is one not firmly hehi in ,,lace l,y growth or posi-

(f) Rotten Knot. A rotten knot ; : one not as hard as the wood it is i,,
(g) Measurement of Knols--

^s itl"w T'
*^^

^''"T'"
"^ "

^T'^
"" *'"^ ""''"«' "' horizontal face shall he taken

er .d f c! ,T'

°" "
''r

,r"f-"dicular to the edge of the timher. On tlie wid,v'-rfu.il face, the smallest dimension of a knot is to he taken as its din„„.,c,-
In column.',, the diameter of a knot on any face shall be taken as its nr-ictionon a line perpendicular to the edge of the timher.

'
'

(h) r>mgonnl Oram (including cross and s,.iral graiiO. Diagonal grain is -rainnot iiarallel with all the edges of the piece.

Hn • ^'\'^'"'/,rf
'"^'""^^ ^""^'"^ '''''• ^"''<^'' *'"^ heading two classes of timher aredesignated: Tl) den.se Douglas fir and (2) sound Douglas fir. It is unders od fIntthese two term., arc descriptive of the r.uality of the clear wood.

other an /.r "'T '! f'"'
°'"'' °'""''«^' ^' ^'^'''" ^''^"- ^" ^'"'er one end or the

aml nt . Ttu'
'"'* ''" """""^ "'-' ""' '"''' °' ^''^'"^™ ^''"'^ i" 3 inchesana at l.ast .i.^ ,„.r cent s, mmer-wood, is measured over the third, fnnrth and

Shrld Z " r 11" • ^r""
*'" '^''^' ^°'' ^'^-'"^ ""* '^^•-•""f^ 20 inches inS be m,d r' ^

"'f^r'
'"""^'^ "' '"^^- ^''^ '"^-•^'- ^''"h'^^^ the i,...pectionshall be made over the central three inches on the longest radial line from the pithto the corner of the pic-e. Wi.le-ring material excluded l,v .he .-,1, ,ve will l,e

,"
e^,e,J

I.rovid(.d the amount of snmmer-wood as above measured shall 1 e at least ."O per centIn cases where timbers do not contain the pith, and it is impossjlMc to locate it'with any degree of accuracy, the same inspection shall be made over three inches <„,
nil approximate radial line beginning at the edffc nearest ;!'> pith

r„.J'''' "'^''J' "r
'''""'" '1'"" '" representative. In ea-^e of disairreemcnf bctwee.,

purcha.ser and seller ,s to what is a representative radial line, the nveraire summer-wood and number of rings shall be ,hc average of the two radial lines chosen.
(k) .^ovnd Dmmlns Fir. Sound Doudns fir shall ineliule pieces of Douglas firwithout any ring or snnimer-WMod rerinirement.

'1. ia;\i:iiM, in:vi ihkmkxts.

fu^'-Ti,
''"''•

'r''T '.','"" '" ""^•'' ' "'"-'' "'^"Phi- " ns defined in sc-tion 1 (i i.

(b) Ihc timber shall be well mannfaefured. square edge and sawed standard size-
solid and free from defects such as rinir-shakes an.l injurious diagonal grain, loose or
rotten knots, knots in groups, decay, pitch pocket^ "ver 6 inche-- Ion? or 5 inch widr-
or other detects that will materially impair its strength.

(o^ Occasionil variation in sawing, not to exceed J inch scant at the time of
manufacture, will be allowed.
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Fij?. ii—Curvt'H showing total luii)l>er production of the 10 most iin|K)rtant CaniidiHii W(kk1h for years
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'd) When timbors I li'''> • "k'Ih's iiiid hirK.T ^irc nnlrn-d >i/rd. il„.v sKall !.• I inrl,
l.-s tlmn n.UKh .si/.,., ...th.-r .'^ISIK ,,i- StS, nido^s utliurwiso siK^'ifird.

iir. sTiMvcKRs, (iiraiKii^ \\n dkkp juists.

3. Tim tinilM-r sh.dl sli.,w „„t los tlinn S", prr .••nt of l„.iirt on ..a,h of tl„. f,„.r
.side. mea«urfd across the sides anywhere in tiie l..ngth of the piece. It shall not have
... volumes 1 n.id 2 ( F.>. 2) k.iots ^'renter in di.n.eter than on..-fonr.h th. width of
the tnce m which they occur with a ina.xinmm ..f U inclKN in diam,.t.r It -hill not
have in volume .? (V],r, O) knots larger t.han one-third the wi.jth of th. (-. in'which
they occur, with a ina.xinium of :! inch. ^ in diameter. K.u.ts witliin the centre half
of the span .shall not exceed in the ap vcrate the width .,f the face in which' thev
occur. I .agonal grain in volumes 1 nr - with a sh,pe ureat.T than 1 in 20 will not i>e
permitte.1. When stringers are of two-span length they shall he co.isidcred as two
separate pieces and the abo-e restrict-oas applied to each half. The inspector shall
place his stamp on the edge of the stringer to he i,lace<l " np " in service.

IV. r.M's AMI sii.r.s.

4. The timher shall show S.", per cent of heart on each of the four sides, m.aMind
ncross the sides anywhere in the length of the i.iece, and shall he free from knots
Uirger than one-fourth the width of the face in whi<-l. they occur, with a ma.ximn.n of
u inches in diameter. Knots sliall not he in groups.

o. The timber shall show not less than 85 i)er cent of heart on each of the four
sides, measured across the face anywhere in the length of the i.iece. and shall he free
from knots larger than one-fourth the width of the fi.-e in which they occur, with a
niaximuin of 3 inches in diameter. Knots shall not be 'n groups.

VI. r.ONfMTl DIX,\L .STRt TS OR CIRTS.

6. The timher shall show all heart on one face; the other face and two sides ..jiall
show not less than 85 per cent of heart measured across the face or side anvwhcre in
the length of the piece, and shall be free from knots over 2 inches in diameter.

vir. i.oNoiTiDiNAr, x-nnACKS, sask braj i-:s and swav bracks.

7. The tiuiber shall show not less than "- per cent of heart on two faces and shall
-be free frcrn knots larger than one-third the width of the face in which they occur,
with a maximum of 2 inches in diameter.

Mil. BRANDING.

8. The inspector shall brand each timber which conforms to the above require-
ments, " Selected structural Douglas fir."

Acknowledgment is hereby made to the British rolumhia Forest Branch for u=e
of photographs for plates 1. 2. .'!, 5, 8, 9, 15: to the Toronto Harbour Commissioners
for photographs for plates 11, 12, 13; and to the above and the Department of Public
\\ orks, the secretary of the Canadian Lumbermen's Association, the British Columbia
Lumber Commissioner at Toronto, and to many lumber firm- and individuals for
assistance and courtesy extended.

'«Jb»i>S«P''3ie'
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Ml-ltClltS.

I'Miiitliv. l-'ir :

Stnirtnr;il xizrii

Small siKfinit-iiH. .

.

liollKl'af I'inM :

Structural «i7.»*H ....
Small Hiie iiiifnM. .

.

Ldliliilly I'itif :

Strni'tiiral nizcH

Small HiM'cirncnM.

Xhortlcaf Vine :

Structural wizen. . . ,

Smalt MtecinieriH, , ,

,

\Ve«terii HeiuliKik :

Strui-tural sizes, .

.

Small sp*'oimenw . . , ,

Western Larcli :

Structural sizes . . .

.

Small s|tt-cimens

THuiiirnck :

Structural sizes
. . .

.

Small sts-cimentf
Ke.! Fim'

:

Si. uctural sizes, ...

Small siscimens
Ulaek Spruce ;

-

^
Small sih'ciinens.

I'.astern Hemlock :

Small s|iecimeiis
Western VMliiw I'ine :

Structural sizes

Small .s|H>cimens.
, .

.

H*^\ Sprufe ;

Structural size» .

.

Small s)s,cimens
White S|.ruce :

Structural »izes

Small spe(,iiueus,

r.lack Hemlijck :

Small S(ieeimens
li'idjferKile I'ine ;

Small s|Hcimens , . .

White I'ine :

Small .s|iecimens . .

Western White I'ine :

^
Small sis-riniens

Kiifelmann Spruce :

Suutll s|)e<'i!nen.-*. . . .

Amal>ilis Tir:
Srnall f|)ecimfns. . .

.

tirand Fir ;

Small siH'cimenrt
Western Ke.l Cedar :

Small s|iecimen8
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'I'muK ,'». SimwiNi.. iN MltHrKNIUN.. S* AI.K* I MK < '' »M I'AHA 1 1\ K V.^I.IB' <<t *'\S\1'I\\ \V( m tl ••«

('n»^c U tiding -"tnn^lli iSimhI), {'nmy^ U-ii<liiit{ -tit-inttlt, \tiittn
i'lt ar. tfr<**'ii HiM-firncnHi. otriKtnriil n\/.*'n).

ni|iturf.
i

fl*i*ttcity. rujilur**. fla»ticity.

ii'Miiim-iK 'n»ttM>
\MniU nlilv) _^_
-lihiiirwi.

I1»U

, I luii^lit" H) liUHKlf.if )HTii> ' I>4MIkUi>* tir . Dim ,;luf> tit . S|>riu'f.

I«tiiit<lf:tf pilu* ' hnn^liti^ til Liiiitf]t-af ititif '. Kitit'-rn » h i tt* Kit^f t-rn u)iir«

UWU*. I'lllf.

U>l'i"llv |tiiiH '
. . Sh'trtlnftf [iiiM \ S|iitrtl«N'f puif '. U'hit*' "((nirf ,

,
hniigly- tir.

Wt-ttrii hem \V*Ht"rit li"iit WV^ttrii lit-iii Oilo-i »|iriii c^^ ^laHtt-in IihihIm- k

;
l<K-k. liH'k. l.Kk.

\Vi'».ttM n lifiii Shditli-iif pint- '. I.4ih|..llv |>iiu- ' T^.lilully (iim.
'

\Vt*Ht»'rn iii-!i.l<-'k. \<tA ]Mtv .

lofk. !

\Vt»wt#rii lari'li -
j
lUuck s|(ruct*-'. W»*f«ttrn Ian h . iWfStcrw lanli . t^HttTit hiiiili>ck \V »• ?• t »' r n r »• d

I toii^liin til

LiSiIiilly pin*'

Slmrtleuf pill"

'

TiUDaritck

KaHtt^rn iifinlMi-k Aniahili* tii

•li . t^HttTit hiiiili>ck \V f ?t t »' r II T*

!

<»<lar.

AW^tirii w hitf \V»'»tt(TT» ycllnw WiitttTii yt-llnw WVwtHrn vt-Unw \Vf».t»Tn Uiili.

Anial>iliM tir.

i iiaiid tir.

Ml.ic'k ?<pnK'»-

put)'

. Tuiiiiirack .

(iraml tir Kt-il pinr

Wt'Htt'in lari'h Keclnpriict..

\Vt!«tfin yt-llow Whiti' tpi*uc»*.

pint'.

pin»'.

THiiiantcK

Ri'il ^prmf

.Norway pirn-.

. Wliitf Npriicf

pllir

WcN^t rii Ian !i

H'i\ pirn ...

\V#'f«t«Tn yt'IInvv

pint'.

W t>t#'Hi lifiiiltHk.

i\ Wfrttrrn uliitf

iJliu k heiiihn k Ht'ti '^prMct* .

H<'(1 Hpnit-e,. . . jTuiiiarack.

Wi-j«tt':n yi'll'iw Ka-ttfrn lifiiiUK-k

W'liitf pint-.

I>ine

V m w h i tr

V J pint* . .

White '<;>riu*f..

LcHlg(>|N)lH pine..

R.-i pill.- ....

WrKtfin rt'fi

ci'dar.

KufTt* 1 lit :• 11 II

f^nniut'.

Wliitt' Mpriict'.

L"'<ljfi*;Mil»- pint*.

Ked pint'
|

Ul.'u-k liMi>l.>ck.

\Vf Kt*'rn r» d
c^dar.

K nR*'l til a n n
HpniCH.

\V H >i t f r n
o'lliir. pitu-.

WfHtprii uhitf Paiiiaiai-k.

pin*'.

Tatitaiack.

' Thi?* reft'r.^ tu valiin in cnnNtnicrional work, not for iiianufacturt'd articlt-i-.

- Forest PpKiii.t-* r^alkoratori^-s of Canada ti^nr*"N.

' ImiMirted, not ?.ttiv»', wimmIs ; hnrf IiHtod for (-oiiipariNi>n only.
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