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TECHNICAL i3ULLL'TIN No, 226 FEDRUARY, 1931 

UNITED STATES DEPARTMENT OF AGRICULTURE 
\VASHlNGTON, 0, C, 

THE DISTRIBUTION AND THE MECHANICAL 

PROPERTIES OF ALASKA WOODS 


lIy L, ;1. ~l.\IIKW"Utll"l'/ Sani(w HII{/iIllJC1', j,'urClit Producl,,~ .Lttlmrnlm'/I; lJ/'UlIch 
of B(',~c(/"ch, ].'ore,~t Scn:icc 

CONTBNTS 

l'age
l'tlrpOH(' ___• _________________ _ Hllltll,'ij o[ Il)cchnulcnl lh'Op.,rtleH-
'rlmUt'I' l't'HOllfl'(lH of AlnNkn .. _ .__ (tOil tllllll'tI. 

NlIl'lonnl,rol'''~1 poll,'y__ l'l'l't'al1ti()l)~ til lit' obscrved Intil<' of tlhlll____________l1~l~ 

r~:;~t,I" lr;\),~;;iH::::: __ :! '"lIl'lutiotl III stl'ellj(d, ll[ wood. 
Intpl'lol' l'Of'PHIl-!._ . ,I O~Il~rllltlOIlU dhH.!uHsion and deduc·_ 

't'imhl'l' prt.uiuctloll, ('xptll'l. unci
yil'ld______________ _ _ r. '.1'e&ts of r'III-~lzl'd ~'"v,'d strll\!' 

D,'ijcrlllIlO!l o( "lwelI'S" , __ , ____ ," __ ;. turltl tlmucl'S \lr Hit kit Sl>l'UCt! 
A 1181m whit,' birch .-_______ _ nud wesl'<,1'11 h,..mloelt_______7 
AllIlllm Cl'dlll:______ _ .-' _,", H ~l'l,'Hts of full ..sizl'C1 round min' l 

'Vt'8tt~rn I't'd l'(.l(lnr __ ~. _¥ ~ ........ 10 timUel'H of Alnskn birch, Wl'st· 
North,'I'!l hlll~k "O\tOIlWOOl'-_,., 12 ern hemlock. Sltkll ij(lI'IICC, 
~[Qlllltlll!l hemh.ck __________ _ nnd white sprucc___________1-1 

~:\1mJllf..ry
'Vl~atp"l1 hNUlo(.'k_~ _'0 '" . ~ ,~ 10 

BIlI~lIm pOpltll'____ ."".,,,_"_ Ii \11,1(' Itllx:
Sltkn 8prll("'__,_________ • __ .' 1R J)etallt~t1 r(!Sllits o( structural 
Whll" "PI"1<"'_____ , __ ,_" • :!t) timber tesl H________________ 

Studll'l! 01' !lll.'chnnklli 1"'1>1"'1'1 iI's."_ !!!! OlOSRH1'Y of tt.'l'I1lS tlSl'li ________ 
Nntut'l' or sf 11(11('8 ... __ ... __ ...... __ _ :.!2 WtJrklll~ ___________stn'~sl'H ._

Lltcrnturc cited __________________:,;tnndllrd t('sts or smllll, c1'~'lrl:iPL'<!lmCllij ________________ _ 

PURPOSE 

Accurate datn on Lhe distribution and mechanical properties are 
invaluable when n. wood Huitable for lL specific purpose is to be 
:,;eledNI. Th iH bullt'tin provides reliable data on the principal com
mercial woods of Aluska for architects, engineer::;, contractors, wood
worken;, Ilnd others who require detailed information regarding 
Alaska, woods and a. menTIs of comparing their.' re::;pective properties, 

TIMBl<JR RESOURCES OF ALASKA 

Of AI1I8ku.'::; total forested ureu, cOlll:icrvutively estilllateu at over 
70,OOO~OOO ncl'(~S, two natiollal forests COll1pril:iC 21,347,000 acres, cli

1 Ackn()wl~ll~lIIeut IR lIInd(' I'll C, n, 1~I()r~', B, F, n~llIt7.lclllnn, f1, Fl, Smlt h, "", ;r. 
Jl(CI)Ollllhl, nllcl C, C. I'l'ntt of t1w I'. S, I""'l'st RI'r\'lc,.' It\ Alnsku, (Or tllclt' cooperntion 
In thlH work, pnrtlculnrly In th\' prnclIl'CIlICI)t or test muterlll!. 

2 ;\Inlulllln('(1 h,l' the> p, S, 1)('PlIl'tllll'lIt QI' Agriculture ut l\[utliHon, Wls" II) coollcrlltJon 
with thl' Unll'c'rHlly of WISCOIISIII, 

2:!a:!~·-al--1 1 
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vided as follows: Tonga~sNfitiollal Forest, 10,547,000; Chugach 
Nn ti olla) Fol'<'st. {,SOO,OOO, 

The Chllgneh and Tongass Natiollal Forests are under the admin
istration of the Forest :::;el'Yice, Unitl'd Statl's Dcpartrnent of Agl'i
culture, in lIJuch the salllP nHlllnl'r as tIl(' national :forests in the 
Stah'};,· Most Illttional-fort'st uusiness is handled ]oea11" b\r resident 
oflicerR, Till' chid administrative oflice!' is the l'pgional forester, ·with 
h\'adqwu,tl'I'S at lUlwau, 

TIll' 1'(,llIaillitlg for('st-l'overcd land, ]al'f~('ly the interior forest, is 
Oil tIl(> 111lI'PSl'ITPd publiC' domain un(il'l' the administration of the 
OPIlPl'al Land Olliee. enilp(l Stntp}; Depa!'tment of the Interior. 
Pl'obably nol (J\'('L' ii.OOO a('I'('s nrc pl'i,'atl' JOl'cst lands (J.n,a 

NATIONAL-FOR'EST POLICY 

Thp IltanagPIl1l'lIt poli('Y for til(' Alaslm national forests has as its 
ouje('Lin thp pl'l)\'idillg of a ('ontinuous and adp<jllatt' supply of 
{imul'l' I'm' tht' pl'l'sent :tIId futlll'(' wood-w,illg industries of the re
gion. It i:-, lwp<'(/ that slich indllstril's will in turn fo:-;tel' till' PCl'Il1tl

Il('nt cll'y('lopnlt'llt of titc Tpt'l'itOI'Y, fllid pel'luit tl sustained contri
bution to th(, Xalion\.; supply of timl)('r product};, The oiJjeetive, of 
('OIIl'S(" indIHlp:-, t!I.C flll'nishing of a lwrmanellt and ('onvenient supply 
of I illllJPl' fol' lo,',d ('OIlSllnlJ)(ion, 

Of t h(' t \\"() national fOI'('sts. thp Tongass slJOws the most imme
dial(' pl'ollli,.:l' of u('tin> dl'wlopllIl!nt, It has, aftt'r pxamination and 
('al'l'tIlJ "tnd,'" bp(·!) di"idl,d into pulp-timber allotments, local-use 
nllotnl.'nt:-" and ge!wral-use arellS, 

TiIl11)('I' ",alps al'(' nwdt' with the 1lI1<1prstancling that the wood is 
to lw lb<,t/ fol' primal',\' I1ltU1uftlC'ltll'P within t1l(' Tl'lTitory and is not 
to ill' ('xpot'fl'<1 ill the IOI'IIl of logs. cOl'd\Yoo(1. 01' other raw products, 
ex('('pt in jndividual ea",ps to pl'l'mit more complete utilization, 

FOREST TYPES 

Thp Ala",ka fOl'psts at'p of two distinct kinds; the coastal forests 
and tIl!' intpl'iol' fon'''ts, (Fig. I,) Becau~e of its highel' density of 
sla nd and it", lwc'pssilJi lit,\'. tIl(' ('oastal type, as found in the national 
:foJ'('sb, is (If thl' gl'l'a(('I' l'oltllllercial importance. and is the principal 
source or material undel' eOllsideration in this bulletin. 

COASTAL FORESTS 

TO~GASS NATIONAL FOREST 

'I'hl;' coastal fOl'psts or soutlwl'lI Alaska. to ns far north a~ Cook 
Inlet, are of luxlIl'innt growth and IIlny lie n'gal'Cle<l as an extension 
of tIll' forl'l'ts Ol'elllTillp: in tht' Pacific Northwest. The .Alaska for
ests reueh their best <1('\'('lo]lllll'nt in the islands alld in the narrow 
sb'ip of mainland ('xtending :for n distallce of about 400 miles along 
tht> west f;icll' of Briti:-:h Columbin, (Pt. 1.) The :forest floor ill 
this region, strewll with quantities of decaying down timber, is gen
erally c()vl'l'p(l ,,-ith a heavy layer of mos~. often 6 illc~1es or ll1or~ in 
thidul(,ss, The ground ,:;urine!' is rough, for the top SOlI, though rICh, 
is l.'plati\'l'ly "Illlllow and bedl'Ock is "xposecl in many places, 
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lIeintzleman (10, p. '1"-8) described the forests in part, us follows: 
As fOUIH1 ill S()lItill'a,;tel'll Ala,;ka. tilt' (,Ollst forest is lH'('(lominlllltl,\' a mixed 

stand of weslern lll'llliork am1 Hitlm SLIt'U('l', [1'1. 2,] III mall,\' pi:lces \\'pste1'll 
I'NI ('eliar 1111(\ Ala::;ka ("',,.Il' an' a;;sol'iatell with tllp 1l1'1'dOllliml1H ~lll'l'il's ill 
slllali proportioll::;, Any 1)Ill' 0[ rllt'se (OUI' specips may he fOUlIl1 ~CtlSiOllall,\' ill 
a llUl'l' ,;tHIllI of small extent. 'rill' 1'c)l'l'~IS h::n~ all aimo;:t tropieal dPllSity of 
tl'l'I'S anti 11lUIl'I'lJru:<It, In lltt' usual mixN1 ~ltl1l11 Itl miock with ~()llI(, cellar 
fOl'lIIs a tlellst' main CllYN', alltl tllis I,: {J\'I'I'loppl'tI 11,\' till' 1lI01'P lighl-(1l'lIUlllllillg 
spl'n('p, whh-h Ol'l'Ul'S liingi,\' or ill "mall l,!'l'Illlp", HlllnIl husll,\' ~nplill,!!:~ nf til(' 
sluulp-I'Psislant Itpllliol'k and ('('clal's, vnciou" l'p(,l'il'~ (j,f iJltll'h,'I'I'Y (\':t('einiuIIl), 
lind t1pdl-('(nh (/~('/, ill IJ/JII 111/,1' Il/wl'it/a) , allli otllpl' shl'uhs form a I!PIISl' under
Ht.OI'Y, * ,. .. [1'1. :3, A,I 

'l'lll' 1'('UlltlS of lillill!'l' 111'1' 1'''I'II-aged; lIlallY a,!!l' ('l:lSS(''': tll'l' rl'prl'"pulel1 \Il 
till' I'ol'('si as a wholl'; awl till' "Ialld,.: Ill' tltl' 01111'1' a,~p l'ln!'sps :ll'(' I~l'l,:ttly in 
the Ill:ljl)ril~', P('i'hal)" llin'p-[nlll'tll" or till' ('Ollllllt'l'l'ial tilllher of till' rl'gioll 
IJeillg mulllr!' :11111 OI'Pl'llHltUl'l', Tltt' p\'pn-:lgl'll I'lands an' ('llara!'ll'l'i"til' of 

lEG/yO 

~ INTVNC<? F,J}USr 
~ CH;:,.AtH ro·r..,-,sr 
c:;) T'1J:tlit1S:;~ .F~Ff!:Sj 

I'~,US I 
~_'~" .• ':~J__l\ 

, il N il f? /I 

d£RltfC 

SEA 

OCEAN 

w<,,,t('t'll lll'llIio('k :t1l(1 Sitka !'[ll'lH'(': tll<' great Ilumll('r of al!:e cl:1s~e:; nnd the 
pr<'))oll(Il'I':lllI.'l' of ohl tillliJl'r an' 10 ill' ('X))P('ll'ti ill nil l'XtPIl":I\'l' virgill £(;1'e,;t. 

'fIll' aVPl'ngl' ~tand P«l' 1ll'J'(, ('01.' I hp ('!IlIlIlH'l'l'ial foresls 11-; :L ",ilOll' is aIJonl: 
2G,ono hoard rep!. hilt III!' illdi\'idu:\1 loggillg' lIuit" va1',\' wi!lplr frolll this :\\'('r" 

age, A \'olum(' or :lO,IHIO to ·10,000 huard [pet 11(,1' at!:l' is ('OlllllHlll Oil many 
exHm,.:i\'(' :\1'(':\:;, and GO,UnO hoard fppt 01' 11l0re pUl' tlece frequently oc(:urs 011 

"mall ullits, Tlw III IIjuri t.\' of till' 1ll1'r('iJallta!)ie tn't';; arc from:! to -1 feel ill 
dialllt'(-pr :lnd froll! UO (0 1-10 fl'Pr in lIl'igllt. 

'l.'h<, 1'IIrest covel' l'xtt'IHI,: frlJlll tl1(' l'llgp of tillewule1' [1'1. ~l. C1 (0 an :llti
tudillal lilllit or aiJout 2,ii)O feet in the ;;outhel'll part of the regioll ami 2,000 
feN ill the' nortlJ('l'u H,(,tion~, At:lll rl('\'al iOIl "f auont l.:iOO It'pt tI\(' ('lllllmel'
cia I timlt!'l' g-in's wa~' \0 :;tuml;.: of (1"':ll'f('(\. limllr t l'PPS, which m'p (1I'sig-naU'd 
.. i"lIlmlpine" alld cla:<~ifi{.'d a~ llIlIlCOlllllll'l'l'i:11. Bp('nu:<l' of thl' 1)I'p\':tilin:: ::;ll'P(l 
sIOp(':; til(' /'Olll1Il01'('inI 1'01'(':;1" form relati\'('l~- n:l1TO\\' ham1;.: along the shore 
lim's of I-Itl' Illainluucl IIllcl i,;)Ulld;.:, 1':ll'ply t'xll'lIilin~ il1l:11111 11101'<' lhan ;; mill'S, 
ex{'ppt 1l101l!: till' \'allpy;.: or tllt' fpw lal'~e I'tl'l'lI111S, 

It I!' P"tilrHltC'cI tllat iii ]1<'1' l'pnt or till' ('olllmel'tial timIJcl' of the Tougass 
National FOl't'st lie,; within 21; miles or tidewuter, 
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The forests of comm'~rcial value nre broken into large blocks by frequent 

extensive lloncolllmcrciul areas of "scrub," as tlui open stands of somewhat 

dwarfed timber are called, nnel by muskegs of peat which carry only isolated 

smail trees. 


Trees with dcnd spike tops nre 11 conspicuous feature of the noncommercial 
scrub lueas and of the cedar areas. Spike-topped individuals, so decadent as 
to be clas::;ed as unll1erchantnlJle, are fairly prevalent also in the overmature 
hemlock-sllruc'e stallds, hut their effect in depreciating the value of these stands 
is likely to be overestimated. They fonH a rclntively smull percentage of the 
timber, which as n whole is of good quality. Onl~' a few spike tops occur in 
the extensive hemlock-spruce area of mature tilJlber and of lIiling-size ~'OUIlg 
timber. 

Commercial timber of the principal species in the Tonguss N a
tional Forest is conservatively estimated to occur by volume in the 
following amounts: ,,yestern hemlock, 74: per cent; Sitka spruce, 
20 pel' cent; westem reel cedar, 3 pel' cent; and Alaska cedar, 3 pel' 
cent. The total stand of saw timber in this forest is about 78,500,
000,000 feet, board measure. The character of the stand, distance 
from markets, and availability of water power favor the develop
ment of pulp and paper manufacture as the principal utilization, but 
lumber and other products will always be of importll..nce, particularly 
in meeting the local needs and supplying local industry. At the 
same time, lumber of the more valuable kinds and grades should 
furnish Iln illlPortant item of export. 

CHUOACH NA'rIONAL FOREST 

'rhe northern section of the coastal forest includes the important 
timbered areas extending i1'om the Prince vVilliam Sound region to 
Cook Inlet. Practically all of the merchantable timuer in this sec
tion is included within' the Chugach National Forest. This forest. 
also includes [t small amount of the type of timber found in the 
interior of Alaska as represented by white spruce and Alaska white 
birch, 'Which reaches tidewater at the head of Cook Inlet. The 
forest is quite similar to that of southeastern Alaska, except that no 
red cedar is found, some additional species are present, and the trees 
are smaller and on the whole contain le!';s clear lumber. 

The principal species in the Chugach National Forest occur in the 
following percentages: vVestern hemlock, 65 per cent; Sitka spruce, 
22 per cent; white spruce, 11 per cent; cottonwood, 1 per ~ent; 
Alaska white birch, 1 per cent (.9). Some mountain hemlock also is 
to be found. The total stand of the Chugach National Forest is 
approximately 6,260.000,000 feet, hr)Urd measure (!'30). 

Considerable quantities of timbel' arc cut for local use, which 
includes sales of ties and lumber for the two railroads which touch 
this forest. Because of distance from market no lumber exports are 
at present made from this region, although it is possible that a 
demand will develop for the hardwoods, particularly birch. As 
is the case with the Tong-ass National Forest, the timber is also suit
able for pulp and paper purposes. 

INTERIOR FORESTS 

The forests of interior .Alaska are confined chiefly to the river 
basins and are of the woodland type~ very slow in growth and very ~ 
light in stand. vVhile of great local value, they can not compare in 
commercial importance to the forests of the coastal type, 
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The interior -forests have received so little study and nre distrib
uted over slIeh lttrge areas that no close estimate can be made of their 
extent. They arc on the unreseL'vcd public domain of the United 
Stutes and in general have had but little, if any, fire protection (8). 
Millions of acres have been burned within recent years. 'fhe area of 
the interior fOl.·ests has been conservatively estimated at 50,000,000 
acres, bearing nt lemit 10 cordH per acre, which gives [1 total volume 
of lIot h'ss thun 500,000,000 cordl:;. It is unlikely thnt much of this 
timbel' will evel" I'each the geneml l11ilrin't, bllt it has high potential 
vlllut' for local lISI' in connection with the (1Pvelopment of the mining 
and ngricllitlll'lli resourcel:; of the vast region over which it occurs. 

The princiPld tree Hpecies fOllnd in the inh'rior forests are white 
spruce (pl. 4, A), AJIHilm white birch (pI. 4, B), Kenni birch, balsam 
poplar, aspen, black t;pl'lIce, and tnmarack. Of these white sprucE.' 
is the most impol'tant (pI. ii, A), although Alaslm white bh'ch com
prises a large percentage of the stnnd, and in some places occurs in 
almost p"n' stands. Bahmm poplar and aspen (pl. ii, B) are found 
nllnnly along the stL'Ctllm;. Black spruce frequents the swampy areas 
und it; of compumtively little importance. . 

TIMBER PRODUCTION, EXPORT, AND YIELD 

FDI' the year 1!)~!), the timber cut on the two national forests of 
Alnska ulllollllted to 47,462,000 feet, board measure, with a stumpage 
\'alue of $71,409. In 11)29, 2,405,000 board feet of " wood, timber, and 
lumber," valued at $140.031, were shipped to other parts of the 
Unitl'd States; nnd It total of 163,2ii1 board feet of stl-wed lumber, 
vulUl~d nt $4,738, w(,I'e shipped to foreign countries (933). 

'I'll!' studies of yield have not progressed fur enough to indicate 
definitely the tllllOllllt of timber that can be produced in a second 
crop in It givell llllmber of years. 110wever, sufficient has been done 
in the case of the Tongass National Forest to indicate thut in south
eastern Alaska the rotation for pulpwood is likely to be between 
8f; and 100 years, anel that the crop produced in this period will 
have a volume pel' acre ut least twice the average volume now found 
in thl' virgin eOll1mercial forest. Allowing 1)0 years as a rotation 
period for pulpwood, Ilnd assuming the present virgin timber to 
be cntirely eut in this pcriod, approximately 1,500,000 cords of wood 
of 600 bounl feet each can be removed from the Tongass National 
FOl'est yearly in this pm'i()(\' This output is sufficient to produce mot 
less than 1,000,000 tons of newsprint a yenr. As the new crop of 
timuer in which clltting will begin after 1)0 yea,rs will have at least 
twice the volume pl'!l' acre of the- virgin stand, It plan of forest man-. 
ugemcnt based 011 n sustained yield of 1,500,000 cords of pulpwood 
should prove to be conservutive (10). 

DESCRIPTION OF SPECIES 

A general <lest'ription of the characteristics, range, supply, pro
duction, propcltieH, alld lIses ot each of the Alaska species 4 is pre
sented. In I'efcl'ring to the various physical and mechanical prop
erties, u grnduated set Ot dcscriptive terms, each corresponding to a 

"l'll(' nnnH'~ of species alllH'lll'inljj In this bullelln Ill'!' the stllndnl'<l common numes 
given In Check List lit' the [I'orl.'st 'l'rees o( till.' United Stutes, 'fllelr Numes lind 
Itllnll('H (/8). • 
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('ortain numerical range of tho property under consideration, is used 
to por'II1it :t ilion' aeelll'Utc ev:tiuatioll of the pl'opel'ty, and to afford 
a 1I11ifol'Ill basis of comparisoll bptween speeies, These terlllS aro 
IIsed ill ('ol1l1edion with the following pl'opel'tics: IVeight. strongth 
1II lwnd iliP; alld eompl't'ssion, sti ftness, hal'(irwss, shoek l'csistallte ~ 
and shl'inkagl'. Vpsel'iptin' tel'lllS un' also given fOl' puse of killl 
drying, auilit,\, to stll,\' 111 pl:w(', workability, lIail-holding ability, 
('us(' () f gin i IIg'. and I'psista ll('P to decay, althollgh fol' tlws(' Pl'opcl-ties 
slIfliei(>llti\' ('ollipletp illfol'mation js llot untilabl(, Oil Jllost sp('C'ies to 
PPI'Illit as' :I<'('III'atp U classificatioll as is <It'sired. 

The ('Olllple!(' spt of t(,l'lllS fol' til(' abo\'l' pl'Opel'ties, appli('able to 
all spl'(·i(ls. is pn'li('lltl'd in Tabll' 1.. All l'xlllllination of tltis tablto will 
gi V(> a bu('kgJ'Ollnd 1'01' nppra ising till' l'elatiollshi P of eaeh tel'lll to 
that of tit(' nt\ll'l's. The index figun's in ('Ollllllll 1 of Table 1 nl'(, 
sllggl'stpd ns n nlll11cI'i('al seale for cxpr('s,jing tlte degl'N' to which n, 
spl'('i('s POSS(,SSl'S l'Heh or the yarions propelties, and thus lllight lw 
(1lllployed in li('1l. of the COI'l'Pspolldillg desGriptivl' terlll, III the 
spl'('i('s d('sel'iptions whi(,1t follow. howl'n'I', only tIl(' dt.'s('I'iptivp 
tln'lIlS an' llSl'd, TIll' eiasHifieatioll lilllits given in Table 1 apply to 
sp(IC'ifil' gl'll\-ity onl,\' altllOllgh otlH'I'.('\assifi('atioll lilllits havl' \.J('('n 
Sl't lip alld lIspd ,fol' shl'inknge and till' Ilwl'ilHnical properties. 

rI'AIlLl~ 1.-.:('rJ/Hflal'lItin' I('I'JJ/,~ u8('rl ill r7r'8('J'ibilifl If'ornl })I'OIU'rlhw 

I spe~~~~.,h:'~Vity or wei~ht l)e~rript,ivu terllls (or-____ 
llltlo< 
figure I ('lllssiqclItion Ijllliis I Dcs\'riptl\'e Icrms St.reDb'1h in hen.ding I SWIne's! (,pel'lnC gr<mlYl . ,.. , , I lint! cOIIIPresslO:._ .. ,_ ., , .. ___s __ j 

1..- , lll'low 0.20 " ... , '1I';~lrcllleIY li!!ht..., . • I;;xlremely wonk .....: Extremely limher.
2____ __ ._ From 0,20100.2;'".. Kx('eetlin~ly light., , 'jl;x('eedinJ!:IY wenk ...._ Ex!'eetlin!!ly limber. 
:I. .. 1,'roll1 0.2;' 10 U,:lO. ,. "ery lighl..._ ......... Vcry weak ..........._ "ery lilllber, 

-1_ • From 0.:10 to O,:lfi ." Light. ................ j Woak ................ Lilllber. 


From O,:lll to 0,,12 .1 ;'Iodcr,"ely light, .••• _, :.roderatelr weak ..... i\loderat.ely limher, 
From 0.·12 10 0.50, .. ; :lrodcrat.el,· hou\'~·. "I "Iodoratel~ ~trong_ ... Moderately stilf. 
From 0,50 to O.W .i fIeavy , .•. __ ...... Stro!lg._ ...........___ ' Stilf. 

Frolll 0.(;0 toO.i2 "'1' Very hem·y ... .,,., ... \·erystron!( ••. ., ....__ , Verysl.iff. 
itrom 0.72 to O.RH ,~_ I~x('ecdlngly henvr~ _" _! Excecfiinp;lr strong.___ 'J~xceedingly stilT. 
,\hm'e O.SfI .•. " ....., gxtrelllely heavy.. ' Exlrumely Slrong .•••-I E,t.remel~' stilI. 

~=-----.,------~,~.~---.~~:----------------~.~..~~~..~.==~'==~~.~.=..~~~..==-. 

Deseri pti ve terms ror

rnde~ n~url' 

H,mlness Shock resistanl'l ShrinkageI 
-------,·,1---------_· I 
L. _. •. Eslremel)' sorL ..... _........ Extremely low ................ Extremely smllll. 

2 ~ _ 1·;xt'Cedinp;I~· sort~ ______ ... ___ ~ _ [~xceollingly low .. _______ .. _____ Exeeefiing:ly small. 


Very sort.. .. ....... Very low ..............._._..__ Very smllll, 

. _ >iorL__................... ", Loll' ..................._. __•__ Smllll. 


[) .~-. .• ;.roder:ltcly son .. •.. __ .• _,.. ~lo,ler:ltely loll' .•• _........._. Moderntely smllll, 

fL .... ;\roderntely han!.. .......... :.roderately high ...........__ . l\loderalely large. 

7 ~ .. ~ Uard......_. __..__ ..... __ .. __ High.................. __...___ Lurge. 

8 \'cry hunl.. .. _..... _........... Very high ....._........._..... Very large, 

U, l,x('eedingl)' hurd ............. Excecdingh' high .............. F;xeec<lingly IlIrge, 


10 Extremel~' hurd.............. , Extremely 'high ............ Extremely IlIrge. 


Ilescripti\'e lerllls ror-

Elise Qr kiln I .\bllit" 10 \\'ork-lhilit)' N.nil:I.19hlitil: IF.llse or gluitlg Hesistlltll'(\ 
drying Sl.IIY in 'place , Ilblht,·· to'lecay 

-.~~--. --------1-------- -"-_._---
2_~__ . __ +) \ ..eryeasy~_'".; Y'crygomL._ Ver~' e!lsy..... Very high __ • Very easy.._•. Very high. 
,I.... Easy ___ "" .' Good, .. ' .. Ellsy....._... IIigh ........

l
l,usr.._...._._ nigh. 


6,.. ;'Ioderl\to .. , .. · :.rodcmte ... :;\l.o~lcrate •. _.. ~[oderale... M.D'.lerule ..... l\loderate, 
8., ..... .' i)illicuil. _ 1'oor....._.. J)lfllcult ... _ .~ Lo\\" ........1 Dlfllcult. ..... Low. 

10,. .1 \-crY lliflkuli . Very pOQr.._ Very (UIli('lllt._! Very low ....! Ver), dillieul!; •• Very low, 
- -"---""-,.--------.~.,. 
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A.LA8KA W{)O[)~ 

ALASKA WHlTE BIRCH 

(Bcll/ln ''''!I(//fI,~k(/11tI Snr!{ent) 

OTHER NAMES 

AllU;lm white birdl is also knowlI th~ A_lnska birch, white birch, 
and ydlow bin'h, It shollid 110t, howl'\'er, bl' t'Oll t'u>,l'd with paper 
bin'lt (lJduia JIIIJlf/l'il( ,'(( M:u'f'halL) whit'h is oftt'll called whilt, iJirt!h, 
01' with IJ, Iit/,'(( ,\li\,!Jallx whidl is oflicially called yellow birch. 

AllIslm whilt' bil'ch is ol1e of the t'l'W hardwood species found in 
j,\.laslm. alld has tile dl'lIsl'>'t wood of till' Alaska h'pp spl~\'il's, The 
11l':tI'twood is ligllt l'pdlli:,;1\ brown; till' lI1oclemtd,v wide sapwood is 
pl'Hdieail," wllite, 'rill' wood hat-; a lilll' ('VOIl tl'xturc, and finishes 
wpl1. Till' (!'l'P>, an' or l'plntiV('lr slow !!l'owth; the test IIlah"'inl 
from 10 trees 01' Olle site lIt'aT "\rltihll'Y avc'ragc'd 21) rings per inch. 
(1'1. (j. A.) 

IHSTRIUUTJON AND GROWTH 

'I'll(' gl'II('I'al I'allgl' of Alnf'ka whill' birch is fl'o\ll the ~nskatchl'wall 
Valll'j! lo til(' Yilt-Oil H.ivt't" YaUp)' (18), 

Tht, lll(J::>l illljJOl'lallt bil'eh fUl'l'sts ill Alaska :1.1'(' thos\' of the upper 
('ook 1111('( l'l'gion. 'rill' Alaska whitl' bil'l:h-while SPl'Il('l' type is the 
typical [Ol'pst () I' this l'l'giOll U). It ol:t'llpil's the l'oliillg \)ol1ch land 
ah()\'p til(' llOUOlllS aile! (':-;:ll'11IIs up the [oWl\r slopps 01' the foothills 
to an ('Il'\'alioll of a.bout soo \'l'l't. Ill'I'l' the Ala::;ka y\ito birch is 
ass(l('iatl'd with whitp HPl'lIl'p (Pi('('({ Y/(ltu'll (1\10c11(:h) Voss), !Connt. 
bin'h (UI'III./U /clll((i('(/ Emns), alld aspt'll (Poplilus treml/loides). 
Tlw trpp::; al all :l!!l' (l r 1'1'0111 100 to 1:\() Vl'al'S on the 1II0re flwol'able 
sill'S attain II. Ill'lght of (jll to 70 [ept :illd a llialllPter of 10 to 14 
inl:hl'S, :tithOIl!.!;il till' aVl'I'a!!l' diallldpl' lH'past high is -from 8 to 10 
illcltt's. O('('a~i()lIld'" a diltllletl'" of 24 ineh('f-: is ;·l'aclll'd. 

III t I'('(,S 0\'('1' H i'lIl·IIl's diaml'tl'r hl'l'ast high. the heartwood for 
YIlI',\'ing dist:UIl'('S fl'o\ll til!' pith is commonly stained, and -.teequcntly 
ad\'IUIl'l' slaw's or decay al'e Pl'l'SPIlt. 

SUI'I'I,Y 

No illf(,lIsin' ('I'\Ii~l' has la'ell IIln<il' m: n basis for :l('l'ul'Htoly ((del' 
millillg till' :lII\O\l1l1: of Alaska whitl' bil'l'h, bill: I:h(' tobll Htall(l in 
the II pPl'I' ('ook Inlt't "('gion is l'ouv,hly esti IIHltt~d as abollt 2,000,000,000 
(et't, board lIIeaSlIl't'. 

PROOUCTIOI'< 

1,1\ tltl' ,-i('ini.ty 01' tit!' 1;L1'g~'1' ('itit'S. likl' AIll'hol'agt', thousallds o[ 
t'ords I) f Alaska bi I'('h ha n' bPl'1I ('lit for l'tll'l. .l'l'iol' to tlw ('011

~tl'\ll'tiol\ of tIll' Alaslm Railroad, \\"1ll'1I woo(l was tll(\ ollly available 
file I. thl' I'atl' of l'lIttillg' was higlll'1' thall it is at PI'PS('lIt. "No ligures 
an' :t\'ailahll' on tltl' total 01' PI'l'Sl'llt yearly vollllt1p o[ the cut, 1n
dUHtl'ial. usc!, (01' the wood hitn' Ilot ,Vet ueell developed. 

l'ROI'EItTIES 

The wood of Alnskn whitl' bi I'eh is IlIo<ierately heavy, lIIodcl.'atcly 
stl'Ollg ill belldillg alld ('OllqH\'ssioll, still'. IIlodt'ratl'ly hard, high ill 
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shock reHisbmce, and has It vcry IUl'frC shrinkage. It rcsemblcH Plll)('t. 
birch more closely ill it!:; mccha nica! proplwti(>s than allY of the other 
birches. Less definite information is amilable on ceL-taill of the other 
properties. .Jlldgin~ from observations 011 the material tested for 
strength, Alaska white birch would btl expected to rank as moderate 
in ense of kiln drying, good in ability to stuT in place, easy to work, 
lligh in nail-holding ability, cliflicult to glue, and low in resistance to 
decay. Like the other species of birch, it is diffuse-porous in struc
tllre. It has u fine, e\'en textllre, and should take finishes and stains 
:mtisfactoL'ily. 

PRINCIPAL USES 

Alaska whitl' birch hns so far been used but litth· except 10CIL11y 
for' fuel and mine props. Since it is similar in structllre to the othm' 
birciteH and fallH betweClI pltper bit'ch (Hetula l}(lJp,I/?'ifera) and 
yellow bin:h (/3. Illlca-) in its mechanical pl'Opllrties, it would seem 
safe to infer that sound matcrillL of Alaska whitt' birch would be 
adaptable to many of the Ha/ne uses. Drake ('I) reports that tests 
were l\lade of the possibilities of Alaska. white birch for shoe pegs, 
spools, aile! bobbins, and it was found highly satisfactory; also that 
furniture llIade of this birch has It pleasing appearance and when 
stained J'esl'mbh'H mahogany. 

The birehes of\ the r nitccl Stat<~H are UHcd for planing-mill prod
ucts, furniture, musical instL'lllnents, woodenware and novelties, 
kitchen warc, athletie goods, broom and mop handles, brush and tool 
hundles, fruit paekages, boxes and cmtes, baskets, shoe lasts, clothes
pins, bungs, pnpel'-roll plugs, skewers, golf tees, arrow shp,its, spools, 
and dowels. l.lapm' biL'eh is used fOI' turned products, principally 
spools, novelties, toys, toothpicks, and shoe pegs. Birch is also one 
of the pl'illeipal woods UHl~d for hardwood distillation in the produc
tion of wood alcohol,. acetate of lime, and charcoal. 

ALASKA CEDAR 

(OI"'III(/CCYllar(.~ /loolkntClI818 (Lambert) Sudworth) 

OTHER NAMES 

Alaslm cedar is also known as yellow cedar (Oregon), Sitka 
eypress (On'gem, California), yellow cypress (Oregon, 'Vushington), 
Nootlm (',\'in'ess (Clllifomia), Nootlm sound cypress (England), 
Alaska Hound cypress (Cal i fo1'llia ), Alaslm cypress (California),
and Alaska yellow Gedar (trade). 

GENERAL DESCRIPTION 

Alaska ('ed!!!' is a little-known softwood which is closely related 
botanically to southem white eednr «(!//(ulla(,c!lp(l(,.i,~ till/oides (Lill
llnens) Britton, Htc1'l1s, and POtl-genberg) and Port Oxford cedar 
(0. htW80nialla (A. :Murray) P:ulatot'e). The heartwood is :t bright 
clear yellow; the f:mpwood is noticeably lighter in eolor, particulady 
when green, anel forlllS Imt It comparutively llIlLTOW banel. The 
wood contains n natural volatile oil. which gives it a distinctive odor 
Hnd S(!CllIS to ndd It slight gloss to It newly (!ut smooth side-grain 
slll'fHee. It hm; a fine, ('"en h1xhll'P, and is !'elnti "ely straight
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DENSE FORESTS OF HEMLOCK AND SPRUCE GROW ALONG THE SHORE LINES OF THE VAST NETWORK OF PROTECTED 

WATERWAYS IN SOUTHEASTERN ALASKA 

-i 



Tech. Bul. 216. cr. S. Dept. of Agriculture PLATE 2 

.~ 

IMMATURE STA'lD OF SITKA SPRUCE AND WESTERN HEMLOCK IN SOUTH
EASTERN ALASKA 
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gmined. The virgin trees iu'c of slow growth, as shown by the a.ver
agc of 2a rings per inch for'the filwei mens tested from Alaska. 

DISTRIBUTION AND GROWTH 

Alaslm cedar grows in the Pacific coast region of North America 
from southwestern Alaska southward to northern Oregon. It is 
widely distributed in southeastern Alaska and reaches the best 
development at elevations between 500 and 1,200 feet. It generally 
reaches It height of about 80 feet Ilnd a diameter of 2 to 3 feet. Trees 
4: to 5 feet in diameter and 100 feet high are common (19). Trees 15 
to 20 inches in diameter Ilre generally 200 to aoo years old. 

AJaslm cedar grows in southeastern .Alaska in combination with 
,\.:estern red cedar, in pure stands Ilncl as scattered trees in the spruce
hemlock forests. The best trees arc found in the sprnce;hemlock 
forests, and are logg;:d in connection with saw timber and piling 
opcmtions. To obtain any considernble quantity, however, it is 
necessary to log the cedar stands which are usually in patches of 
one-half million feet or less. These patches are most frequently 
fonnd- on steep slopes some distance inland from tidewater so that 
the cost of logging is consequently high. 'Vhilc A..laska cedar hUl1

• bel' is very resistant to decay, the overmuture trees I1re inclined to be 
defective, many containing as milch aH 25 to 30 per cent rot at the 
center (tJ). 

SUPPLY 

• 	 Estimates of the total stand of Alaska cedar are lacking. A 
rOllgh estimate of the total stand in Alaska, British Columbia, 'Vash
ington, and Ore~on iR about 10,000,000,000 board feet, with about 
2,000,000,000 board feet in Alaska. 

PRODUCTION 

No definite figures are available on the amount of Alaska cedar cut 
in Alnslm. The cut of cedar in 'Vashington in 1928 was 151,970,000 
board feet. Under" cedar" is included western reel cedar, Aluska 
cedar, and several other species. It is estimated that between 5 and 
10 per cent of this cut in Washington, rou~hly 10.000,000 board feet, 
was Alaska cedar. The production of lumber fl'OlIl Alaska cedar 
may be expected to increase considerably. 

PROPERTIES 

The wood of Alaska cedar is moderntely light in weight, mod
erately weak in b<)Ilding and compression, moderately stiff, moder
ately hard, moderately high in shock l'esistance, and has a small 
shdnkage. Less definite information is available on certain of the 
other J?roperties. On the basis of appl'oximate classifications Alaska 
cedar IS estimated to mnk as very easy to kiln dry, good in ability 
to stay in place, very easy to work, low in nail-holding ability, easy 

t 	 to glue, and very higb in resistance to decay. In resistance to decay, 
the heartwood of Alaska ceclar ranks with that of Port Orford cedar, 
western red cedar, southern cypress, and redwood. Alaska cedar and 
Port Odord cedar differ from western red cedar and most other 
species in that the spring wood i" firmer and consequently they ha.ve 
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a IllilCh 1I10rr 1Ini£01'l11 t('xl'IJ'e which makes thrm admirably adapted 
rot' :.;ul'il II"I'POS(':-'; a:-; (:al'\'ing, Vl'IIl'(~!'::;, baUrry HPpal'ator::;, 1\,1\(1 whcrc 
HlllOoth weal' i:-; (/(o:-;irabl(', Alaska l'('dar i:-; I'l'l)lltpd \oeaUy not to 
hold. painL' well. particlliarly on uoat. hillis, bllt pxpCl'iml'llt:; on dry 
salllpips a( tlIP FIII'l'st Pl'oducts Labomtory have not shown nlly 1I1l

mmal dilliclIlty, Lilw othel' sp('cil''l, it would not \)(' expected to take 
paint well if not Wl'll dl'ird, and it is pos::;iblc thnt any difliclilty 
('IH'Ollllterl'd lUay be due to this eHuse, 

'I'll(' stutic and impact Lending :;pccimclls of Alaska, cedar exhibited 
during h'st an ('videncl' of toughnp::;:; not usually found ill a softwooll 
sp('('il's of its dl'nsity, Honlt' of til(' ~. by ~ by aO-ineh Lending :-;peci
mens wlwl1 gl'('en defiectNl () inches withollt tompletl' failul'C, the 
('ompl'l':-;::;ion tending to diHtribntl' itself as in some of till' hardwoods, 
mther thun sharply localizing as is IUOI'P charadel'istic of the soft
wood:;, ThiH indi('ates thaI: Alnska (,('dar llIay b(' adapted to uses 
Whl'l'l' b('ll(ling to f01'1lI iH reqllirl'd. and its properties are otherwise 
suitable, bilt additional h's(s WOllid bp 11('('l'ssal'Y to determine whether 
01' not this is n sppci('s C'hameteristic. 01' lIIordy of ol'easional OCCIlI'

l'OI1<'e, TIll' beha viol' observed is contrary to repoL'ts that AJaslm 
('Nla I' iH inclined to ue Lrash, 

I'U1NCIPAL USES 

A Inrg<' par! of tht' ellt of Alnslm ('('clar is lls('d locally for poles, 
interim' finish. fUl'llillll'l'. slIIall buat hulls, cabinetwork. and novcl
til'S, It is eOllsidcl'cd valuable for pattel'l1s, toys, turned articles. 
ehests, bllttel'Y boxes, and battery separatOl's, It is also reported as 
lIsl'd for pietul'l' fmmes, Ll'llsh backs. venetian blinds, curtain poles, 
snsh, doors, stair work, miLlwol'k, alld store and olliee fixtnres, A 
small alll~lllnt is shippl'Cl to .Japan in log form, A speeiaity Wil' 

of Alaska (,Nlal' is for' patt(~l'ns, It has long been the custumary wood 
of thp A.laska IndianH for canoe paddles, 

WES'I'ERN RED CEfjAR 

('rlll/jll [J{jeIlIIL D, DOli) 

OTHER XAl\IES 

1Y('st('1'l1 l'('d ('('<lal' is nlso known as red ce(lar (Idnho, Oregon, 
'Wash ington, .Montana. B I'i tish Colli mbia), ell no(' ee(\a I' (Oregon, 
1\Tasilin:,.'ion), arbol'\'itae (Califol'llia) , shinglcwood (Idaho), gi
gantiC' ('('(Ial' (Califol'l1ia). cednr (Oreg-on, Montana, Idaho, Pacific 
('oast trade), gigantic red cedar (California literature), western 
(,Nlal', 1Ynshingtoll reel eeLlar (trade), 1Yashingtoll ccdar (trade), 
Idaho ('('(Jar (tmdc). Orcgon c('(lar (trade). Califol'Ilia cedar 
(trade), British Columbia ('pdar (tmde), Pacific nrborvihl(' (litcm
ttl r('), wpsterIl lu'bol'\'itac (litemtllrc)., red cedar' pi lie (tl'llde) , 
Lobb's 1I1'bOlTi hl(' (Ell/Lia 1Il1). Paei fie 1.'('(1 ('Nla I' (Cali i'ol'Ilin litera
tJlI'P), and giant arborvitae (litel'aturc and horticulture), 

GENERAl, DESCRIPTION 

1Y('st(,I'1I red el'dlll' is a IIlOlh'rately slow-growing, long-lived tree 
that is clos('ly related to thl' w('ll-lmown northern ·white cedar 

t 
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(TIIII)a, ()('ciilenlalis Lillnaell~), 'I'll(' henl'twood iH a rNldiHit bl'OWIl; 

til(' nal'I'm," Hapwood is white, TIIP reddiHh coloI' Ot the Ill'lutw(lod 
is th()lI~ht to be dill' partly to ceL'tain extl'adiveH. wilidt appeal' 
lo Ill' 1'('sponHilJh' fol' the hi~h l'psistall('C of; the wood to <il'c:ny, The 
wood has lL diHtin('tivt' odol' chamctl'l'isti(' of the cedal's, The IUll'

row Hummcl'-wood bands an' (\iHtilwtly darkel' alld hal'del.' than the 
ndjlH'Pl1t Hpring wood, TIll' wood 'has a line. JIlodemtely even 
trxture, 

DISTIUJIUTION AND GIWWTII 

","('stem red re<ln!' ~ro\\'s principally ill a Iwlt aloll~ the westcl'll 
('oast of North AIIIPl'im, cxtl'ndil1~ fl'Oll\ till' HOlltilern half of south
t'tlstel'll Alaslm to nOl-thcl'\l Cali fOl'llia, III Alaslm ii, reaches its best 
dt'\'('lopnH'lIl below an l'lpvation 0 f iiOO i'pet. 

",Vt'stcl'n red cl'dal' has u ('humctel'isti(' buUn'ssc(l base, tapcrjll~ 
b'lInk. and ('onical (,\,own; it sOIl1NiJllcS ~I'O\vH in small pm'l' staIHh.; 
bill ~elH'!'aLIy ill lIIixtul'e with othel' slweies, by which it is freflllelltly 
OWl'topped, TIl(' l:rl'l~ is eapable of pndurin~ shadl' but under ~;ueh 
('()JHlitions tilr ratp of ~I'()wth is !,pdm'pd, Laq!o trees in southellst
('I'll Alaska are frolll Ion to J30 fl'd hi~h and ;\ to (j foet in diametel', 
TIt(1 IlIabll'\' tn'cs an' limby, hl'lLvily tapel't.'d, and. arp Rllbjcet tn 
;.;('''<'n' itl'al'l l'Ot. hilt tt'('l'S of POll' sizl' art.' wl'lI forml'd and sound, 
[Il AlaHk·: till' bt'st tr'Pl'H am those o('eul'I'ill~ as seattert'(1 illdividllals 
01' ill Hlllall I!rollps (pI. :3, B) ill stands of IH'II1I(wk all(l Sprll('p, 
Thl' trl'Ps of th(' IHII'('. eeclar tyP(\ of forest avera~(\ somewhat POOl'Cl' 

ill '[lIalit." hut al'p slIflil'ientiy I!0od to ht.' claHst'd as lIlel't'lialltablp, 
Tltt oppn stands of ('('(Iar alld other sppcit's fOllnd so ('01l11110nly Oil 

til!' swamp soils are lin i fOl'11I I)' pOOl' ill qllality and al'e Ilot eOIl

si<i('red merchalltable, the trees being Hh Ol'l , limb,)', and defective, 

SUI'I'LY 

'I'll(' sialld of \\'('Si(,I'1l \'l,el (,('(lal' in tht.' Fniled Stall'S is pstilllait'd 
a t ;ja,:\'~H,()()O,O()() boa I'd f(,pt. 0 f til is tota I. a pproxi llIatd,V 4.!)'()()O, ! 

ooo.OO{) boa I,d I'l'et is ill till' Pa('ifk eoasl: l'l'~i()11 ami tlte rcmailldcr 
ill tilt' Hocky MOllntain I.'Pl!ioll (;!O) , The stand ill Alaska is esti
matp(\ at ~,3;jO,()OO,OOO boa 1'(1 fc,('t (10), 

I'IWDUCTION 

Tltr ellt of wes/;(,I'n I'l'ti (,l'(lal' 11IIllbpI' in th(' Unitcd Statrs, exe\lI
sin' of Alaska, ill W~H is l'stilllatpd at about 200,OOO,()()() board fpet. 
III H)::!H a total of allOllt 5.a42,O()(),OOO shill~le~, l'qllivalent to 
;j:\·tOOO.OOO boa I'd f't'eL \\,('J'(' Pl'o<lIl(,l'd in the r ni tl'<1 Htatcs propel' 
(21), It i:.; probable that a.t it'as!: an additional JOO,OOO,O()() board 
l'l'l't is ('"t for poll':;. lHI:;ts, alld piling, The t:ut ot: we:;tct:1l rcd cedal' 
in Alaska is, however, still very HIIlUIl. 

PIWI'ERTIEH 

-
rnw wood of westcl'll 1'('<1 ('rdal' is lil!ht ill w('ight. weak in bend

in~ alld ('Olllpl't'ssioJl. lIlo(\t'I'a(.ely lilllbpl', !lIo(\l'I'ately HOft, low in Hhock 
.. I'psist:all(,c, ami has a vel'y HlllaU shl'illkaW', 011 a basis of apPl'oxi.

mate elasKi li('a t:ion, w('stel'll I'('d l'('da I' is psti IlIat(,d t.o rank as lIloderatn 
't in etHiC of kiln drying', good in ability to stay ill place, vCl'y ellsy to 
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wCJrk, very low in Hail-holding llbility~ moderate in ease of gluing, 
and vcry hi~h in decay resistuHce. In decay resistance, the heart
wood ranks with that of AJuskll cedul', POl't Odol'd cedar, redwood, 
und southCl'1l cypress. 

PRINCIPAl, USES 

·Western red cedar is used principally for shingles, lumber, poles, 
posts, aHd pilill~. About nine-tenths of all the shingles manu
factured in the United States are western red cedar. The decay 
resistance, ease of wOl'king, und lightness of the wood make it highly 
sutisfllctOl"y fol' this pUl'pose. Considerable quantities of western reel 
cedal' lumber nre used for siding, tank stock, boat building, pot'ch 
columns, hothouse construction, and for other purposes where decay 
resistence llnd ease of \vorking or lightness are especially desirable, 
'Vestern red cedar is also reported as used for beehives, finish, trim, 
boxes, cm'ving, caskets, ceiling, furniture parts, incubatol's and 
brooders, moldings, patterns, pencils, picture frames, window frames 
und sash, light coopemge, ice-cream tubs, core stock, drafting boards, 
fixtures, and fishing-net floats, 

'Yestern red cedar poles on account of their desirable properties and 
form and size are shipped from various northwestern States to nearly 
all parts of the United States, For posts the wood is widely used; 
for piling it if; used less, as it is lhlble to crush under the blows of the 
pile driver, Althou~h the heartwood of westem red cedar· is very 
deca.y resistnnt it is nevel'theless ~ood practice to apply a preservative 
to postf; anel poles, partiCUlarly to prolong the life of the nondurable 
sapwood, The western red cedar of Alaska will probably be utilized 
in fairly lar/!e quantities a.ftm' the depletipn of the virgin stands in 
'Washington and British Columbia has progressed farther. 

NORTHERN BLACK COTTONWOOD 

(l'o/H11II'S Iric/IOCllr/la /llUltata Henry) 

OTHER NAMES 

Northcm black eottonwood is nJso known as Cottonwood (Oregon), 
balsam cottollwood, balm (Oregon), and black balsam poplar, 

GENERAL DESCRIPTION 

Northern black cottonwood is a lightweight hardwoocl (broad-' 
lenved) species of the Pacific Northwest, which is closely related to 
the aspens and poplars, The wood is /!rayish while to light brown, 
It is diffuse 'porous, and has a fine, even texture. The annual rings are 
scal'cely nobceable, The sapwood is wide and not clearly defined, but 
merges grndually into the heartwood, Northern black cottonwood is 
It tree of normally rapid growth, but in maturity and overmaturity 
the rate of growth is much slower, 

DISTRIBUTION AND GROWTH 

Northern black cottonwood occurs from southern Alaska to Cali
fornia and extends inlnnd as fal' as in western Montana, It grows 
best at lower levels on river bottoms and s(md bars. In Alaska it 
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oC(,1l1'S in quuntity only on the valley floors of a f,'w large mainland 
sh'palIl!;, pl'incipally the Stikine and Taku Rivet,S, whel'e matul'!' 
tt'ces )'pach an nveL'ngp d iumctel' of 8 feet ilnd Il height of 80 to 90 feet. 
Though bln('k-Iwlu't, and bluck knots nee common in mnture trees, ex
ten>;i Vt' urea!; of inlIlIllturp tl'(~l'S of excellent quality Ilrc found, 

SUPPLY 

TIl(' tOlrtl stand in thl' ('ontinentlli rnited States of the three cotton
woods-easteL'll, SWIlIllP, and 11000thcrn: ulack-of !;uw-timber size is 
estimated nt 7,500,O()O,OOO uoal'd fet't, of which black cottonwood com
pl'ist's about 1,iiOO,OOO,OOO boul'd fect. The supply in southeustcl'n 
Alaska if relati vely small, although l'xact figures art' lacking. 

PRDDUCTION 

The term "cottonwood" as used in the lumber-cut statistics of 
the Unitcd Statt'>; ineludes thc eastern, swamp, and black cotton
woods Rlld in addition the H!;pCnS Ilnd balsaIII popltu', It is (liffi
cult, thel'dol'c, to give Hny VCl'y close figures for northern black 
('ottoInv()od, TIll' total cut of black cottonwood lumber in the 
Pnited States, ineil!ding Alnska, is rclatively small, being estimated 
rOIlf!hly as ~,ij()O,()OO boaL'CI feet in 1928, The cut in Alaska has so 
Cal' becll Ill'giigible, 

PROPERTIES 

, 
NOl'thC'l'n !liark cottonwood is light in wci~ht, wenk in bending 

and COIll[H'l'ssioll, lIIod(lL'ateiy limber, Hoft, moderately low in shock 
resistancl', ami has a moderately large !;IIIOinkage, It i!; estimated 
to rank as llIoc\cmtc in case of kiln (h'ying, poor ill ahility to stay ill 
place, easy to work, vCl'y low in nail-holding ability, easy to glue, 
and very low ill resistullcC to decay, 

PRINCIPAL USES 

Lnmb(ll' cut f,'om ('astern, swamp, Ilnd black cottonwood is used 
prillC'ipally fOL' boxe!:l and crate!;, Although Ilol'thel'll black cotton
wood is not high in nail holding, its light weight and ability to take, 11I1ils without splitting combined with It good color for stenCiling 
and lnck of oclor make it suitable for lL wide variety of boxes, Over 

, 	 half of the cottonwood lumber goes into boxes, Other uses reported 
:t'0L' cottonwood lumber include automobile-body work, planing-mill 
pro(\uets, agricultural impiC'lllcnts, refrigcmtors, woodenware, 
laundl')' appliances, kitchen cabincts, tl'unks, furniture, and mill 
work, 

Cottonwood venCCr in the form of plywood is widely used in 
furnitul'e anel musical instruments and for similar purposes whem j 

thin pnnels arc needed, 
Other important cottonwood products are pnper (gcnerally high

grade book· paper made by the HOc1a. pl'oeesH) and excelsior, The 
lif!ht co I o.l', fail'ly stmight grain, und lInifol'rn texture of cotton
wood make it well Litted for excelsior munufacture, 

i 
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~roUNTAIN HI<:~ILOCK 

('I'.'iII!/fL ItlCrIICII,'fiflIlU Iltollg'lll'tlJ ~ltl'HI'llt) 

OTHEIt NAMES 

i\[Olllltn,LIl h('mlock i:-; ftl~() knmn\ as lYiLLi:lln~on's sprnce (Cali. 
forllia), w(,ppillg sllrllet' (Cnlifol"llia), alplilp ~PI'IIC(\ (Ualifomia), 
ht'llllol'lc ~PI'II('(> (California), Pattoll's Spl'lI('e, aipilll' Wl':-;tl'I'1\ spruce 
(liU·I'al:ul'C'). bl:lt'k In'mlot'k (litt'I'at.urp). Patton's hemlock ('Vash. 
ingtoll), IIlld al pi lit· IH'lllio('k (Ala~kll. -Wa~ltingtol\, Ctdifornia). 

GE:>:EHA I, IJESCItIl'TION 

MOllllta i II It('mlo('k if'; a ll<'nJ' J'('lnti \'(~ 0 f w('stern 1I(,11110('k ('l'81.1{/(t 
/u'/I'}'opit.'liia (Halil\l'~qll(,) l"ial·gt·Ilt'). alld. is sOIlIl'wilat silllilar ill 
appl'lll'all(,l', but tltl' trl'l' is slIlalll'r and. till' trunk has llIore tap!.' I' 
alld is ll'sS <"It'ILI' 01' bl'all('\I('s alld kllo(s. 'rill' heartwood is It palP 
\'t'ddi:-;\I bl'o\YIl: till' sapwood is Illodl'mtl'l.v thill. TIlt' SllnllllPI' wood 
is quiU' pl'onollllcNI. and i~ distilll!uishabip from tht' lighter appe;Ll'
illl! spriJlg wood. 'I'll\' wood has :1 IllOd(,l'att'ly Hill' al1(l \l1oderatt·ly 
('VI'Il t('~d'III'I', Till' 1l10llllta.ill IH'llriot'k 1'1'0111 Alaska tl'stl'd at the 
Forest PL'otillels Lauoratut'y a \'eraf'.'ed :W P'OWtll rillgs per illCh, 

D1STIUIIUTIO:-i AND G1WWTH 

MOlllllnin IH'lIIloek u:ro\\'s in tlll' ll1otll1tnim; of tll(, Pacifi(' coast 
I'l'gioll of North AlIll'I'i('a l'I'OIlI ~()lIthl'I'1I Alaska to tilt' hi'gll Sierras 
or Cali [ol'llia, t'xll'lIdillg a~ fur pa:-;twal'll as Idaho and ~I()lItnnll, It 
il' lIIainl\' a lillliJt'I.'-lill(' tl'('('. bllt: ill Alaska it. ahio !!'J'ows near spa 
It'\'e I Oil' 1'(J('ky hi tt's. MOIIIl ta i II ht'llIlo(' k at its bl':~1 oeeasionnlly 
I'padll'l' a. hl'iu:ht of lOO to l:Mi fL'f't and a llialllt'tcl' of 30 to 40 incht's. 
I"illt'h tr.'('t'~, Iw\\'p\'PI" art' IIIH'Oll1l1l0ll, At t:lll' othl'I' extrPllIc, it spl'awls 
a111011 0' the roc\{:-- [0 hilt It t:l'W f(,l't ill Ill'il!ht Oil blt'ak wi IIdswl'pt 
('I'('stt 

SUPPLY AND PUOIJUCTION 

IkC'an:--(' mountain IH'lIllol'l;: i~ maillly ('olltirl('d to the highel' ulti
tl1dt'~, it is lal'gl'l,\' il1lu'('('s~ihll'. The supply is I't'latively limited alld, 
us It wholt' tite produt'lioll is ~1I11l11, alit! tltl' s[Jl'cil's is not important 
('olllllH'I'!'iaIl,r. Th('I'1' al'p pla(,l'h. ItO\\'('\'('l', pal'lieulady ill thl' Chu
gill'll .Nat ional FOI'('st, wl](']'(, tilt' :-:IW('ip~ is fOlllld ncar sea h·vel. and 
as a I'l'sllit it lUI!" b('(11I ('\II \\"ith W(·~tl'l'l1 hl'lIlloek and Hpruce for tics 
lIsl'd fot' thl' ",\Ja:-lka l{ailroad. 

I'IWI'EItTIES 

MOllntain lrplIIlock is Olll' or till' t'l'\\" ~·ql\'('i('s ill whieh shrinkage 
find tit!' jll'il1eipal st.rengtll pl'opl'rtips all ('Iosely unci IInifol'll1ly \:ul'
l'l'spolld to whnt wOltld 1)(, t'xppdl'(\ for its dl'lI!-iil,\'. Most speeics have 
at ll'a~t (HlP [lI'OPl'I'ty wili(,lt (/ill'l'I's ft'olll till' f'.'l·IH'I'It! law, The wood 
of 1l1O\lnt ai tI ht'llllof'k is I-d il!h I Iy ahO\'l' till' lIIed ian l' r the different 
S[Jl't'il'S, alld IlIlly be da~st'd as 1l1(J(lpl'atl' ill its Pl'Olwl,ties, Hen('(' it 
is l1\o<i!'I'alply Iwa \',". lllocll'l'ntely stt'(HIg' in \'('11(1 illl! and e()mpre~'iion, 
nl()(ll'l'IItl'ly still', 11I()(lt'I'atl'ly IUlI'd, 1ll()(I('l'att'ly high in shock resist
al\ee~ lllltlllllS a moderately large shrillkage. ExpeL'ienc(' with this 

-
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wood is Vl'I'V lil1lited, A l't'w ~;lIllpll'~ wen' I1IH('ilillPd ~Ht i~fHd()ril'y 
alld. {inich(·(1 ~Ill()()thly, 

I'ntNClI'AI. USES 

MOlllllaill hClld()('k at prl'>'cnl i~ 1ml liulP \I~('d alit! i~ Ilot illlportant 
("011 IIlH'I"l'i n.l1y, .Jud~in~ fl'olll it~ ll<'nsity, stl't'II~th pl'opel'ties, and 
IlPIJ('IlI'UIH'P, it wOllld Sl'l'1I1 10 \)(' sllitnbk fol' s\I('1I liSPS as tl\o!'(' for 
whieh w('stpl'n hPllllot'k is Pl1lploYNI. 

I WESTERN HE;\ILOCK 

('I'NIIUC£ llCtCl'o/llllllla IUulhH's'IlIc) Sar;;t:ut) 

OTHER NAMES 

,\Vcstcrn IWllllock is also kllown as hCllllork SP"lIl'C (California), 
hClIlloek (Alm;lm, Ol'c~on, Idaho. "Tashin~toll, Montana, and trade), 
w('sh'rn Ill'mlock SPI'Il('C (litl'l'atlll'e), California Ilt'llIlo('1\: spl'tlee, 
wl'slel'n hl'lIlloek fir (En~land). Pri \lee Al beds fir (EII~lallc1) ,Alm;ka 
pillt' (nol,th Wl'SIl'I'1l I 11 III \){'I'IIll'1l ), Wl'St ('oast hemlock (tl'adl'), Paci til' 
1)('1\110("1\: (tl':1<1('), Puc';f.il' {'oast 1ll'lIlloC'k (h'nlh'), and Pacifie (wcst
PI'II) hellliock (tmdl')' 

m;NBRAL DESCRIPTION 

, 
1Vestorn hl'llllo('k is relatcd botanically to C'llstC'1'1l hC'rnloC'k (1',ntrfll' 

('(W(ldf'1I8is (Li nluH'II:;) CIlITicl'l'), but tli frers from it in ILppe!lrIUlCl', 
in chlu'lIl'tcl'i:;ti(' dl'\'l't'ls. and. to a lessor extent, ill its mechanical 
propert!('::;, The ~l'lll'l'a I color is a pull' I'P<ld i~h brown. with the 
sapwood V\.'l'y similar ullcI genemlly not easily distin~lIishllble fl'om 
tilt' heartwood wl1('11 <lI'Y. The SI.1ll1111PI'-\\'()o(1 bands. although 
mllrkNl, do not eontl.'Hst d('eideclly with tlli.' light('I'-eolol'ecl sprin~ 
wooe!, Tlw eontrast is I('s~ pl'onollnl'l'd than in DOllglas HI' and south
CI'11 yellow pin!'. bllt llIore so than ill HitIm SPI'II('(' and n(lI'thel'll white 
pine, TI.H' wood has a model'atl'ly fill(' and llloc\l'\'lltply cven tcxture 
and is IlOIH'csiIHHI>', It has II SOUl' odor when gl'('('n. but is OdOril'SS 
lind tastpkss wJll'n dl'y, 'I'll(' alll\wd ~I'!)\\'th l'inW; ;ll'P Ilsually com
para ti vely un i forlll iII width, \Vestel'lI hemlock 'from Alnslm, how
P"C'I', np(lt';tl's to havp a s{)lI11'what ,,10"'1'1' aVl'I'agl' Vl'owth thall that 
1'1'0111 "'ashill!!lo\l and OI'('!!:OIl, and to till' ('xU'nl that this is true thc 
Alaska-~I'o\\,ll matel'ial should exhibit n mol'C l'ven tl'xture. 

D1STIUnUTION AND GROWTH 

\Y('stcl'n hemloek ~I'ows in the Padfic const region of North .Amor
ica fl'01l1 sO\ltlwl'\l AllIslm to lIol'thel'n Califol'llia and. wP.,;tl'l'I1 MOIl

bUlIl, III Alaska till' stands of matllrC' trees of ubout ~()() to 2;':;0 veal'S 
in H~l' rall~t' from ~ to 4- ft'ct in dial1lctel' and arc about 150 fc'ct in 
height. (PI. (j, 13,) Thl' tl'(~e has a l()n~, slcndpl' bole. a1l(1 a ShOl·t 
IlIllTOW crOWll, Tht' tn'('s al't.' c\par or bl'nlle\tl's w('ll tll til(' top, They 
IU'C' COllllllonly sound wlwn yOlln~, but when llIntlU'C' and ovel'muture 
nt clinllll'tcrs of a to :~~/~ fl'et, lwart I'ot is \'pry pl'('ntl.t'lIt: many of 
thpsc old OVC'l'lllatUI'l' tn't's an' 1'0 dC'ft·('tivt, as to b(' elassl'd as unmer
ehantable, TiI(' stands \';try from allllOst PUI'(' to n<illlixllll'CS of Sitka 
SPI'II('P. \\'pstt'I'n n'<l <'l,dnr, and .Alnskn ('('dnl', 1Vt'stel'll lWllIloek is 
tilt' most abllndallt nm! illlportant sp('('i('s in Alaska, It repl.'oducl.'f:; 

http:Puc';f.il
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prolificully, "l'OWS wen on It variety of soils, and is very tolel'l1nt of: 
shade, In Alnslm, hcmlock trees 011 the poorest sites uild occurring 
as sCllttm'cd tl'ces in IHlI'e SIH'IW(' stunds frequently ha.ve dceply tluted 
lowet, tl'lll1ks, TIlt' lumber 1;rolll these fluted trunks often contains 
muny lltl'ge bark pockets und dccay spots, In the commercial forests 
us a whole, however. fluting is not an importunt factor, 

SUPPLY 

The total stand of westel'n hemlock snw timber in the United 
States, including AlaHlm, iH about 14H,OOO,OOO,OOO bOllt'd -feet, of which 
62,000,000,000 boul'd feet lu'e ill Alu!:llm, 

j'RODUCTION 

The cut, of wcstel'l1 hcmlock lumber in the United StltteH in 1928 
was UUOlit 1,550,000,000 bOlml fcet) and in Alasku 7,!:l5a,OOO uoard 
feet (21), The totlll Vt'oductioll of westel'll hemlock lor lumber haH j 
!:lhown It tenlold illceeHHc ill the past 20 yelll's. It is expected, how
ever, thllt the principlll flltUl'e cut of western hemlock in Alaska will 
be :rOl' pulpwuod, as the wood is welllldapted for thllt UHe, 

PROPERTIES 

The wood of wesb1l'n hemlock is moc1erlltely li<.ht in weight, lllod- ~ 
Cl'utely weak in bending and compression, modc.l'ately stitf, 1lI0d- ~ 
emtely 1mI'd, moclel'lltely low in shock rcsistance, Ilnd has a mod- ~ 
m'ately large shl'inkage. Less defillite information is ILVailllblc on 
the othcr pl'operties, 1Yestel'll hemlock is estimated to rllnk us mod
emte in ease of kiln drying, modcrate in auility to stay in pIIlCC, -4 

model'llte in wodmbility, moderllte in 1lI1il-holding ability. very ellHY 
to gluc, and vel'y low ill rcsiHtallce to decay. 'YeHtern hemlock tnkcH I 
paint satisfactorily, being Ilbout eq1ll11 with eastern hemlock and the , 
spruces. 

PRINCIPAL USES 

The most impoL'tunt UH{' of Wl'stel'll h{'mloek is for building JllI1

torial, such as eOllllllUII bOllrds H.nd HhipllLp, shcathillg, studding, Joists, 
subfloOl'H, f100L'H, JilliHh, IlIth, tt'illl, millwork, alld Illlllly other items, 
It is alHo IIHed 1:01' Hhi ppillg ('olltai llerH, ('OO]ltH'llg(!, rail way CILl'S, lad
dcrs, COIlCl'ete lorms, tUl'I1itlll'c, veneCl', polcs, piles, l'Ililruac1 tieH, and 
mine timu('l'S (lfd), 1'estH by the Unit(>d StateH Burcau of Animal 
IlIcLusLt,,Y indicate that it IIIILY be used for buttcr containers without -< 
imparting sufficient woody t\avol' to be comllleecially objectionable. ~ 
'Yestel'n hemlock hus an established high value IlS 11 pulpwood, pl1r- II! 

ticularly in Alllska, bcclluse of the relatively pure stands, ILnd because ..~ 
watet' power is conveniently available lor mllUufacture, 

Hemlock is used extensively us piling for the conHtrllction of fish ~ 
trl1ps, which are operated in the coastal waters of Alaska by the 
salmon-canning industry, Muny of the sticks cut for this purpose ;~ 
are from 1)0 to 130 feet in ll'ngth, Hemlock ties nre now slHvn in 
qunutity by the local millfi fot, use 011 the Aluslm Railrond, Very 1 

little hemlock lumber is being cut in Alaska becallse it can not profit
nbly be shipprcl to the geneml market in competition with Puget ~ 

~, 
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SOllnd hemlock. The consul1:tption iH increasing, however, as the 
merits of western hemlock lumber become better known. 

BALSAM POPLAR " 

(1'oP1l11l8 baI8ami/cru. LillDncus) 

OTHER NAMES 

Balsam poplar is also known as balsam (N('w Hampshire, New 
York, 1Viseollsin, Miehir"'an, Minnesota. Nebraska, Montana, Ohio, 
Ontario), bahn-of-Gilellc (wIttine, New Hllmpshil'c, Vermont, MaHstL
chusetts, Rhode Islltnd, Connecticut, New York. Michigan, Nebraska, 
Minnesota, North Dakota, Onturio), cottonwood (Idaho), poplar 
(\Visconsin, Minnesotu), balsam pophu.· (New Hampshire, Nebraslm, 
Minnesotn), tacamahac (Minnesota), baumier (Quebec), and rough
ba..I{ecl poplar (Hudson Buy region). 

GENERAL DESCRIPTION 

Balsnm poplal' (pI. 7, A) is It hn,rdwood species of light weight, 
which is closely related botanically to the aspens and cottonwoods. 
It should not be contused with yellow poplar (LiI'iodend1'on ttililJi
/em Linnal'lls), the weIl-known species of the eastel'n United States, 
to whi('h it belll"S 110 botanical relation. 

The heartwood of balsam poplnr is It light brown; the moderately 
thick Hapwood ne;trly white. The wood is diffuse porOllS, and, c:on
seqllently has It fine, even texture. The tree is normally of ru.pid 
gI'Owth; tIlt' trees collected for test from Girdwood, .l\Jaska, averaged 
14 rings per inch. 

mSTRIBUTION AND GROWTH 

Bn.lsam poplar grows principnlly in Alaska nnd Cnnada. Its 
rallge l'xtcnc1s from Alaska to Hudson Bny and NewfouncUand und 
sonthwlll'(l to the United Stntes along the Ca,nlldian border from 
Maino to Oregon. It is distinctly It northern tree and parts of its 
l'llIige nre characterized by a shol't growing season nnd long severe 
winters; conditions too severe for the ex:iF;tence of most other trees. 
It is C'onfhwd mainly to allnvitt1 bottom lands and to the bonlers of 
strcams and swamps in moist, snndy and gravelly soils. Seeds are 
nblln<111nt and lire scnttered widely by the wincl. The trees secured 
for test i:['om Gil'elwood avernged 88 feet in height and ranged from 
78 to 98 feet. They averaged 23 inches in diameter and 162 years of 
nge. 

SUPPLY 

·Whill' the totul stund of balsam poplar saw timbel' (exclusive of 
pulpwood) ill the United States proper is estimated very roughly 
nt 1,250,000,000 board feet, definite estilllutes are luckin~ TOI' the 
Alaska supply. The stand of balsam poplnr, if the smaller pUlp
wood sizes ure included, is much less than thnt of the aspens. 

PRODUCTION 

There has been but little demund for balsnm poplar in Alaska, 
und, ('onsequelltly, the cut has been small. It is estimated that in 
the United States proper approximately 6,000,000 board feet of bal

22324°-31--2 
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sam poplar iUlllber hus been produced annually during the yeitrs 
1922 to 1927. Balsam poplar pulp ,,'ood is also cut with the cotton
woods und aspens without distinction. The total annual cut of litH
sum poplnr .for variolls purposes, including pu~pwood, is estimatp,d 
roughly ut from 12~000,000 to 15,000,000 board feet for 1927. . 

PROPERTIES 

The wood of bn,lsum poplnr is light in weight, exceedingly weak 
in bending and compression, limber, soft, low in shock resistance, and 
has It moderately small shrinkage. It is considered to rank as lllod
crate in ellse of kiln drying, poor in ability to stay in place, easy to 
work, very low in nail-holding ubility, ensy to glue, and very low in 
resistance to decay. The \yood has excellent pulping qualities and 
is well suited for pllper Illllking both by the sulphite and soda 
processes. 

PRINCIPAL USES 

Balsllm poplltr is used pl'ineipally for box and crate lumber and 
:for pulp wood in the manufacture of paper. A small amount of 
the lumber goes into the mallufacture of containers for drug:rists' 
supplies, and some of the high-grade lo:rs are cut into veneer from 
which various kinds of fruit baskets are made. A small amount 
of balsam popIar is also used for making excelsior. 

SITKA SPRUCE 

(1'icea 8itchclI,~i,. (Bongard) Carriere) 

OTHER NAMES 

Sitka spwce is also known as tide-land spruce (California, Oregon, 
vYnshington) , Menzies' spruce, western spruce, great tide-land spruce 
(California, literature). yellow Hpruce (trade), western Sitka spruce 
(trade), sih'er spruce (trade), Sequoia silver spruce (trade), spruce 
(trade), and west coast spruce (trade). 

GENERAL DESCRIPTION 

Sitka spruce, while related botanically to the white spruce, so 
eclipses the latter in size as to make it mnch more imporbtnt, com
mercittlly. '1'he heartwood is light reddish bro,,'n, the sapwood nearly 
white. The wood is classified lUi Ilonporous and has a fine, moderately 
uneven h'xture. The tree, except in overmatul'ity, is of moderately 
rapid growth in Alaska. The test material from Girdwood averaged 
23 rin~s per inch, and the large trees from neal' Ketchikan aver
aged 1 {. 

DISTRIBUTION AND GROWTH 

Sitka spruce is found along the Pacific coast region from Alaska 
to northern Clllifornia, extending inland about 50 miles. It is 
reported to oeC'lll' from Hea leyel to as hi:rh as 5,000 feet, but it grows 
mainly at altitudes of le~s than 1,500 feet. It forms pure forests, 
but also occllrs in mixed stanek In the usual mixed forest the faster
growing n.nd more light-demanding Hprllces ILl'e larger in diameter 
than tIll' weHtern hemlock with which they are associated &llcl e~ceed 
th~m in height. 
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" .1,:l~e tree is oL'Clinul'ily 80 to 125 feet high and from 3V2 to 6 feet 
ll1((\chumetml (lr) , III the Tongass NatIOnal Forest the average 
ni~llre tree is about 160 feet high nnel 5 feet in diameter, but trees 
w' a height of 200 feet and It dillmeter of 1 feet nre common. 
(I .1, nand C.) The IlLrgest known Sitkll spruce in Aluslm is 14% 
feet in diameter Ilt It point 6 feet above the ground (10). The trees 
ft'om which test material from the Tongnss National Forest were 
selected tanged from 4% feet to 5%, feet in diameter at the stump, 
with lLll Iwernge of 5 feet, and from 141 to 228 feet in height, with nn 
uvm'uge of 1V7 feet. 1'he oldest tree wns 757 years of aO"e; the 
youngest 248. The trees seleeted fo!' test from the Chugach l-f;ltional 

" 	 For'est; were mile\! smallel', llvol'llging 17 inches in diameter, 80 feet 
ill height, alld 203 yenTs of Itge. . 

Sitka spt'uce is commonly sound anel straight grnined, but on 
('X posed sites is subject to spira,} grain. The most common defect 
of (/Yl'l'lIlllture trees is batt rot. 

SUPPl,Y 

The est:imatecl volume of Sitka spruce of commercial size on the 
TOllgllss Nlltiolllll Ii'or'pst is 1:1,800,OO(),OOO fed, board measure (10), 
nnd on tht' Chugueh National Forest about 1,400.000,000 feot. bOllrd 
llIenSllt'p, Alaska eOlltalns about two-fifths or the total supply of 
SiUm SPt'W!l'. 

PRODUCTION 

Of tllP {)71,917;000 board 'feet of- spruc!' (all spruces) lumber pl'O
duced ill till' U nih'ci States in 1928, Oregon alld 'Washingtoll fllr'n ished 

I, on~l' OIw-hnlf, most of ·which WIIS Sitka spruee, 'rhe production 01: 

Hpt'uce lUlllber in Alllska in 1928 was 22,748,000 bonl'd feet (131), 
Statistics show exports from Alaslm to foreign ('onntries oj! spnwe 
bOILrch; alllounting to 2,411,000 board feet in 1928 lLnd 85,000 board 
feet in 192H. 

The export of high-()"l'llc1e spruce lumber from Alllsim started 
dUl'ing the vVorld'Var~ and since then considemble qunntitieH of 
d01l1' spruce :t'Ol' lliq)lanes and other special uscs have been sent out 
by the local mills llnd tt'llllshipped through Seattle to North Ameri
can and to foreign mal'lwLs, Full Cl1rgo shipments of mm'chantable 
gmd(\ 1\1 III lH\t· arc made at irregnll1l' intervals to l.\.tlantic and trans
Paei/h' ports. 

PROPERTIES 

TIll' wooel of Sitkn spruce is moderately light in weight, moder
ut~I'y weak ill bel\ding and compr,ession, moderately stiff, moderately 
soft, moderately low III sho,ck reSIstance, and has a moderately large 
shrinkage, It mny be clussed ns easy to kiln-dry, good in ability to 
stay in place, easy to work, low in nail-holding ability, very easy to 
glue, lLnd very low in I'esistance to decay. It is It nonporOllS wood 
lLnd has It fine, moderately even texture, 

Knots, when pl'esent, lLre usually sound. 'rhe wood contains small 
resin ducts, the clir('ction of which on It flat-sawn Rurincp illdic!ttes 
the directioll of the grain, Ilnd is II IIs('tul guide in inspectioll for 
sueh liSt'S ns airplanes !Lnd ladders where strength is the eOlltl'olling 
l't'lluil'ement. . 
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Sitka spruce, in common with other softwood species, frequently 
contains compression wood. Compression wood is characterized by 
high density, wide rings, and a lar~e percentage of summer wood. 
Although such material, because of Its density and large amount of 
summer wood superficially presents certain external characteristics 
of the strongest and most desirable material, it is, nevertheless, un
reliable as to stren~th and has an appreciable longitudinal ehrink
age which cnuses It to warp and twist badly, particularly when 
present with normal wood. Fortunately, compression wood is not 
excessive in amount, is easily recognized, and, because of its warping 
tendencies, is likely to be culled before it reaches the finished 
product. 

PRINCIPAL USES 

Sitka spruce is an excellent material for airplane construction 
where its light weight and relatively hi~h strength make it the most 
sought for species for such parts as wlllg beams and wing-rib cap 
strips. It is estimated that but 2 or 3 per cent of all the mill-run 
stock is suitable for airplane use, although selected logs are reported 
to yield uS high as 7 per cent. 

Sitka spruce has long been used for piano sounding boards be
canse of the uniformity of structure obtainable, its high resonance 
properties, its freedom from defects, the large sizes available, and 
the easc of conditioning or seasoning. 

Sitka spruce is also used extensively for ladders. Among its 
other uses are furniture, stringed musical instruments, refrigerator 
framcwork, ironing boards, washboards, clothes drying racks, laun
dry tubs, butter containers, baskets and hampers, fruit and vegetable 
containers, tanks, boxes and crates, oars, paddles, and building con
struction. Much of the low-grade lumber is manufactured into 
packing cases for the Alaska salmon industry. 

In addition, Sitka spruce is probably the best species for pulp
wood. on the Pacific coast and compares favorably with the highly 
rnted white spruce in this respect. 

WHITE SPRUCE 

(Picea ulallcu· (lIoench) Voss) 

OTHER NAMES 

'White spruce is also known as single spruce (Maine, Vermont, 
Minnesota), bog spruce (New England), skunk spruce (Wisconsin, 
Maine, New England, Ontario), cat spruce (Maine, New England), 
spruce (Vermont), pine (Hudson Bay)J double spruce (Vermont), 
blue spruce (Maine), eastern spruce \ trade-in part), Canadian 
spruce, and Adirondack spruce (trade). 

GENERAL DESCRIPTION 

White spruce is a softwood species that has long been in popular 
favor and use. It is related botanically to several other species, the 
more important of which are Sitka spruce, red spruce, and En~el
mann spruce. Of these, red, Sitka, and white sprnce are very simIlar 
ill their .mechanical properties and may be used on a like basis in 
airplane construction. 
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The heartwood and the sapwood are practically white; conse
quently they are not readily distinguishable when dry. The wood in 
common with thut of other coniferous species is classifield as non
porous. It hus It fine, modemtely uneven texture, and can be ma
chined und worked easily. In Aluslm the tree is of relatively slow 
growth i the test mllterial obtllined fL'Om near Mntnnuskn averaged 
22 rings per inch. 

DTS'l'HrBUTION AND OHow'rn 

\Yhite spruce grows over u wide area extending from Labrador to 
Hudson Bay and nodhwestwllL'{1 through Alaska to Bering Stmit; 
extendil% southwnrd to the Great Lakes region und the Stutes ad
joining 0ulluda to the East. 

In Aluslm, white spruce is typically a tree of the interior mther 
than of the coastal region, although it extends to tidewatel' in n few 
places. It is found in forests of the woodland type, principally 
along the vullpy floors of the great rivers, and is by fur the most im
portant species of the interior. 

"\Vhitl' spruce is rarely more tlm.'l 60 to 70 feet in height, and has a 
trunk of not mOl'e than 2 feet in ,diameter. Thl' trees selected for 
test frOl11 near Matanuslm u.veruged 56 feet in height llnd 97 yenrs of 
uge, the age mnging fl'om 8:3 to 11:3 yean;. The diametel' at the 
stump was 12 1.0 15 inches, 

SUPPLY 

It is estimated that white spruce comprises about 11 per cent of 
the 6,260,000,000 board feet of timber in the Chugach National 
Forest of Alaslm 01' about 700,000,000 bonrd feet. It represents a 
much larger percentnge of the saw-timber' stand of the interior. 

PRODUCTION 

The bulk of timber cut in the interior of Alaslm is for firewood; 
probably severnl times as much is used each year for fuel as for 
lumber, Several small slLwmills operate in the interior and spruce 
has been sn.wed for Juany years for local pm'poses, ThuH white 
spruce has contributed greatly to the economic development of the 
country and will continue to do so, but as lumber fOl' export it can 
not be l'e/!urded as important. In the United States proper the 
prod!lction of spruce saw timber of all species was one-hlLlf billion 
board feet ill 1928, of which perhaps one-third was the white spruce. 
Large quantities are of course used in addition as pulpwood in the 
United Stutes. 

PRO!PERTIES 

4'he wooel of white spruce is moderately light in weight, weak 
in bending and compression, moderately limber, moderately soft, 
moderately low in shock resistance, and has It large shrinkage. It 
is ranked as easy to kiln dry, good in ability to stay in place, easy 
to work, low in nail-holding ability, very easy to glue and very 
low in decay resistance. 
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PRINCIPAL USES 

The chief locnl uses of white spruce lumber in Alaska have been 
for flume and sluice boxes, houts, and building construction. 'Vhite 
spruce is nlso used for certain aiq)lane putts, sounding bOlU"(hi, 
orgnn pipes, ladders, joinery, boxes, and cmtes. It is one of tho 
IH'incipul slwcies for pulp and paper. 

STUDIES OF MECHANICAL PROPERTIES 

NATURE OF STUDIES 

Three distinct tYI)(>s of stu<iil's hnve bpPIl Illnc\l' by til(' Forest 
Service on the mcehullicnl properties of Alnska woods, af; follows: 
(1) Standunl tesb; 011 small, elenl' specillll'ns of eight spccieH, COIl1

lwising Alaska whitl' birth. AlaHka t'l'dar, westerll red cedal', mOlln
tain hemlock, wCHtel'll hemlock. balHum poplur, Sitka spnlee, and. 
whitt, SIWIIl'l'; (2) tests 011 full-sized sllwed strllctural timbers (con
tainillg defl'<'ts) of Hitka Hpruel' Ulld western lwmlock; and (8) tests 
on fIlii-sized round milll' timbl'I's. of Alaska. white oil'ch. westcl'll hcm
lock, Sitka Hpl'lll'l', ulld whitl' spru('c. . 

III comiidel'illg Ihl' nwehalli<'al l)rOpel'til'S of woods grown in 
Alaslm in t(HlIll'dio!l with utilizution I'l'qllin'ments, thl'et> questions 
lH'l'HCllt thl'msel Vl\S: (I) "'hat a 1'(' till' ~tn'ngth pl'Ol)(>rtil'~ of the 
SPC't'il\H found in AluHka '? (2) How do tIll' p,'olwrties of Alaska
grown timbel' COlllpal'l' with thosl' of the sanw and other SIWc:ics 
gl'own eIHcwhcre'? (a) In uHing wood frolll Alaslm i'OI.' structural pur
poses, what woddn .. strl'SHl'S are pCl'rnis.';ihle'? 

TIll' results 01' th(, sevel'ul strength studies together with other 
data. IIvailnbll' fllrnish U basis for ohtaining dcfinih' answers to {hest' 
pl'rtinell t q lIcstiollH. 

STANDARD TESTS OF SMALL, CLEAR SPECIMENS 

SEU:CTION OF MATERIAL 

TIl(' material used for «(·tcl'mining the nvcrage properties of It 

wood il'OIll anyone locality consisted of logs 5 :feet or 9 feet in 
length tukcn fl'Olll endl of fivl' or mor(' rcpresentative trees, the 
uPlwr part of thp spction wmally being 1G feet above the stump. 
The Alasku species for test in the' f01'l1! of small, clear specimens 
wen' obtnil1l'd {I'om eight locatiollS nil of whieh were less thnn 400 
feet nboVl' HelL level. 

Thl' material ('o\lectNl in the Chugach Nntional Forest near the 
Alllskll Uailroad was tmnsportcd h.v train to Sewnl'd, Alaska, nnd 
theTlet' by steulllship to Sl'attlc, '''ash. The I()g~ from tIl(' Tongass 
National Forest Wl~re rafted to Ketchikan, Alaska. for boat ship
ment to Sellttie. '1'111' tesb; w('rc IlIl1de Ilt the FOI'cHt Products 
Lnbol'lltory. :Madisoll. Wis. (PI. 8,1:\...) J 


CHARACTER OF TESTS 

TIll' stanciul"Cl tests, such liS W('I'P madl' on smull, clelu' specimeTls of 
Alaskn woods us well us for similnr studies of other ii(lpeil'ii. iierVt' as 
II blliiis for' eompul'ing alld substituting species, promoting the usc of 
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unknown ancl little-l1ficd woods, aiding in the determinntion of safe 
wlIL'king stn':,;ses fol' cle:;ign, dpterlllinin~ tlw influencl' 011 streI\gth of 
such fndol's as locality of growth, posItion in tree, rate of growth, 
and seasoning. gl'Ouping of ::lIWcies illto utility classes fol' individmtl 
uses, i:Hlch as boxes and laddel's, deVeloping specific g\'twity-strength 
IIIW!;, ('ompllL'ing virgin-growth and second-growth timber, determin
ing the etl'ect of gl'owth condition:; on propertie:;, and studying the 
vllriability of wood, 

The tpstH WPl'l' made in aecordancl' with the geneml plnn used ill 
tt'sting woods {!'O1ll other pal-ts of the United Stutes (12), und, in gen
pral, similar to that. nllw in UHl' in Canada. Euglllnd, New Zealand, 
India, and Sonth Afl'il'a, The h.'sts induded both gl'een Ilnd air-dried 
llIatpl'ial. TIH' ail' s('asoning was neC'ompli:;ill'd by open piling the 
sto('k ill It ('OVPI'(,d slwd. Opl'lI at till' !iidl's to )wl'lnit circulation, The 
Hpcl'illlem; (pI. g. B) wel'l' 2 by 2 inches in erO!iS section. except the 
S)('6111('nS IIHl'C1 1'01' radial llnd tangpntial sht'inlmge. which were based 
on width 1II('USlIl'pnl('nts of piel'Ps I in('h thiek, 4- in('heH wide, and 
1 inch along thl' gl'ain (pI. 8. C), Bending specimens were 30 
i nehes long: otlll'l's Wl'I'l' shorter, dppending on the kind of test. The 
l'l'SlIlts obtailll'd Oil Alaska w()(lcls art' eonsl'quelltly din'ctly compnra
1)1(' with thosl' of 1)I'l'\'iolls tests lin n~ported in United States Depart
lII('nl of Agl'ieultun' Blllh,tin iiil6 (J?'). 

EXPLANATION OF TABLES 2, 3, AND ., 

Ta bl(' 2 pl'cscnbi till' IIvel'ng'C test I'esultn of the .A.laslm woods for 
ench loeality fl'Om whieh Hlw('inwlIs \\'('I'P obtained, In It few cases 
this plmllib; clllllplII'ing matel'ial from two sections of Alaska, Table 
:3 lH'eSl'nts similar dnta on ~ome (If the salllc species grown in other 
parts of till' UnitNI States, and thllH. in ('onjunction with Tuble 2, 
afl'ol'(\s a basiH fOl' ('ompal'ing tilt' stl'l'ngth of Alnslm-gL'own wood 
with that of til(' sallll~ sppeil's from otheL' regions, 
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TABLE 2.-.4L·erage mechanical properties, by localities, of woods from Alaska ~ 
[Dnsed on tests 01 =nll, I clear specImens in thc groon nnd air·dry condition I)

I"peri lie gr I'it \. ; Bhrillk"~c Irom gn'e!1 ! t-3 
'. d' 1"';1 to 0\ ~IHlry ('amll· t:::iStatic bending 

I Oll- • . I siolls when grccn ~ 
0\ en Q t MSCl Uon bllse-d on dimen. o 

. Hhlb'Sl Slim. ,l\!Ois. _____ ._. "eight I ZPla(1) olb'rol:th III A~lSkn 1'n't's per Iller tllre \'oIllIne pcr I ' .... 
01 1I1lltcnai tested Itestedl inch wood Iron· j whell iYOIlIlIlC cubic I FI~r >, I oCommon und botnniClIl nUlIlo 

tent gr 'en or I when I loot Voill' . Tau. stress • fooll· Modulus
! co. I . RndUlI . I Ilt IllS 01 01 e~IS' t" 

;:." . ilL I. pcr Olell metnc b'Cutm chlStIe rupture ticity
! tyllt dry I limit ' j 
; mOisture I I ~ 

t"-4- -5- --6-:--7-- --8- -9--1-0-1-1-1---1-2-13l-1-4---15-
2 ~ 

Num.;:;;;;;' Per -;;; ---- ------ ---;;;;-.---p;;- ---;;;;- Lb •. per Lb..perl-;,ooo lb.. ....t-3 
Dirch, ,I.laskn white (Betula lIeonlllsklllln): btr ber cent cent I..b8. cent cmt cent .g. in. .q. in. ! per .g. in. Z 

Green................................... Anchorugo.............. 10 ~'9 •••••• 58 0.49 0.59 48 16.7 0.5 9.9 3,BOO 7, 100 I 1.350 
to 

('e<1l1r, AhlSkll «(,hlllllnccYl'nris nootk!ltcnsis): to 
Groon.............................._.. _•• Ketchiknu_._........... 3 23 •.•••. 35 .44 .51 37 j 11.4 4.2 7.7 4,100 0,000 1,420 0> 

1 

Soasolled.....................................do................... •••••• .••••• •••••• 12 .55 •••.•••• as ..•..................... i,BOO' 13,BOO 1,000 


Sellsone.I................................... ___ ••do••.•..•••••••.__.............._ ....._ 12 .47 """" 3.'1 ;•••••••.•..•.••••.•.•._. 8,200 113,200 1,700

('odllr, western ret! (Thul'l phmtll): ;:l

.31 .34 26 7.0 2.2 4.0 3,000 4,000 S5023 I __ _____ I .. _______ I _______ ...~~:'o~i~.i:::::::::::::::::::::::::::=:::::: ==:J~=::::::::::::::::: ....: ... _~~. ::::::1 r; .33 5,700 8,000 1,040~ 

r"llemlock, mountnin (1'susn lllertcnsillno): 
:H . ~5 .53 43 11.9 4.4 7.6 4.100 7,200 1.2'.'0~~:;C(L:::~::::::::::::::::::::::::::: .~~~~~~:::==:=::=::::: ___.:..__:. :::::: 12 .50 8,500 12,600 1,520 til

llellll(lck, western (TSllgn hctcrophylln): '"d 
.36 .42 3,000 5,600 1,120~e':~:iccL:::::::::::::::::::::::::::::::: .~:~~~~~~:_::::::::::::::: .__.:____:~. ::::::1 rg ,40 ~ [;;~~I~~~~~I~~~~~~ 6,000 9,200 1,380 

o 
Grocn........................ _____• ___ .. _. Ketchikan_____ ._•._.... 0 66 .41 .47 42 12. 4 4.5 7.8 :;,800 6,600 1,320 "J
21 I."'" 
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Scn.,onc<1._ ...._____ ••••• ___ ••• __ ...___.........do.___....••_. __ ••_•. ___••••_••_•••___ • 12 .44 31 ---_ .... _- 7,800 11,600 1,620
----- .. -- -------- ;:.Poplnr, bolsllm (Populus bIlIslllllilenl): o104 .30 .36 as 13.0 4.0 8.7 2,100 3,700 700 ::;l~:;~ncd::::::::::::::::::::=::::::::::::: .~i:~':;~::::::::::::::: _._.:_ :::::: .::::: 12 .34 24 -------- -------- -------- 4,660 O,BOO 1,100
Spruce, Sitko (PICC!I sitchensis):

Oroon_ •. __._•• _...._...._••_•.__ ••.••_........do_•••••••_•• _._ •••_. 5 23 .._••• 39 .39 .46 34 11.4 .1.4 7.6 3,400 5,BOO 1,140
Sellsoned.__ •_. __ •• _._ ••• ___ ••••• ___••••__ ....._dn. __ •__• __ •__•••• ___ ._. _••••••__ .. __ •. 12 .42 2'J -- ....._----- -------- 6,BOO 11,300 1,620 ~ 
Groon.___ .••..••.•••••_••••• __ ••.••_. ____ • Kotchik:lII. __ ._._....... 5 17 •••... .38 .43 33 11.0 4.0 i. i 3,300 5,000 1,300 c:

f'ensoncd •..•_•.._........._. _____ ._............do ••••• _____ •••_••..••• _._•.._......._. r~ ! .42 29 i.ooo 10,700 1,580 :=
-------- ---_ ... -- -. ------Spruce, white (PiCC!l gillucn): J t:j 
Oreen............. __ ••_...............____ J\lutlluuskn. __ ._._•.._.. 5 22 ...... 501 .39 .46 36 12. 6 5.S 9. ) 1,1503, 200 I 5, iOOSensoned •• _._...._......._••__ ••_.••••_._ ......do_ ••• _ •••_.•••__.••.•_.._.....__ ..... . 12 ~ • 4.~ 36 --0----- "------- -------- 6, 700 10, 660 1,400 
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Place ~f growth In; bending-	 Fiber Work In of drop Fiber , . hlr to strength i perpen 0.444-lnoh 

Common and botanical name 	 Alaskn of material stress bending causing stress ,,[nXI- grain, pllrallel dieular 0011 topne
tested , 'TO at to complete at m~m fiber to grain to grain !mIr Its 

'10. mllxi- elastic eillstie fllilure elastic Cnlshlng stress at dUlmeter)
el.'1S~ic, mum limit limit (50-pound limit strength elastic --- 
lumt ! load hammer) limit End ISide 

2 ______________1_______ 16 I 17 18 19 20 1 21 22 t 23 :u 25 L~ r; 

In.-lb.. In.-lb.. In.-lb.. j LW. Lb.. LW. 
per I' per Lb.,. per per per per' Lb._ per Lb.. per per 

Birch, Alaska white (Betula neoalaskana): cu. in. cu. in. sq. in. cu. il1. 1m. I .q. in. 8q. in., aq. in. 8q. il1. ,aq• in. Lb.., Lb!.Green __ ______________ _____________________ Anchorage____________ 550 5f>O
Sen..<oned ____________ ..______________• __ •_______do________________ _ 0.00 11.6 9,800 3.7 37 1,970 3,030 430 920 200 

1. 87 13.8 13,800 4.8 40 4,!lOO 7,510 830 1,420 670 860 840 
Cedar, Alaska (Chamaecyparls nootkatensis): Green _____ ____________ ___ _________________ Ketchikan __________ ._ 2,800 3,330 470 880 500-" 12, .SOO 4.1 29 6,100 7,520 910 1,380 370 950 690 tt 

8.S 9, !lOO 3.3 Zi 	 430 I5,0 > 
2.12 13.0Ccd~~~~rli re~f ,(TitiiJ;,-piir.iini:----------- _____ do______ -- ----- --.-j 	 >Green. ________ . ________________________________ do_________________ ' .62 4.9 6,600 2.5 ], 2, 130 2,500 380 600 280 I 4.;0 290 r.n 
1. SO 5.6 8,100 3.4 19 4,000 4,990 700 870 300 I 720 390 ~ HeI~I~~,I~~~;intnln-(TSiig;,-n;e;iensiiin;,):-----I-----dO----------------. 	 >

Green _______ •_. _____ •___ •__ • __ ____________ Girdwood___________ __ 	 28 2, 4SO 3,410 540 940 300 610 540.SO 9.S 9,~00 3.4 
2. ,0 8.4 12, !lOO 5.0 29 5,730 it iOO 1,000 1,290 300 iI, 2!lO I 860 ~ ne,~I~~,n~:~terii'(TSilgniie-teroiihYiini:-------I-----dO---------------.-	 0

Green. ________ • ____ •___________._________ Cordova. ___________ __ ;, iOO 21 2,220 2. i80 390 i70 330 450 ' .SO 0.48 7.0 2.8 
5,700 620 1,160 300 

920 I 0.10 01.52 7.4 11,800 5.2 21 4,510 
r/l 

.62 i.3 8,500 3.0 26 2,680 3,240 400 840 330 500 4SO~e:::~~~~~~~~~:~:~::::~:~~:::::::::::::::: -~:;:l~;~~:::::::::::::I 
5, !lOO 7,020 7SO 1,3~>() 340 1,040 6002.10 S.S 13,600 6.1 31Pop~o;g~:m -Cpiii,iiliisbnisnmiieni):'-------- _____ do________ ------- --I 

Green. ____ .__ __ ___ ________________________ Gird wood ___________ ._ 	 2.2 13 1,080 1,600 ISO ·190 150 210 200.37 4.2 5.700 
Se'~"lned _______________________________________do________________ • 4,210 350 380 3r.O 290 

Spruce, Sitka (1'1ce.~ sltchensis): 
1.04 4.4 8,400 2.6 H 2,750 	 7.">0 I 

Green _. ___________________ •______, ________ .• ___ .cio_____ •_______.' _. 	 2,240 2, il0 420 3.'30 400 330.50 6.7 8.400 3.1 23 
'00 I 650 .1. 59 10.1 10,800 3.8 21 4.700 0,340 690 1, ;10 3·10 520 

.51 6.3 8,300 2.9 23 2,290 2.8\0 3SO , 'SO 300 400 I 400~~;~.:~~~;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;J~;;;~;;~~~;;;;;;;;;; 1.76 9.6 10,000 3.3 29 4,800 5,920 720 i 1,000 I 
j 

4W 950 i 580 

SpruG~ee~~~~~~~i:~~_~~~~~!~_______ ....______ JMatanuska_____• ___ __ .51 5.S 7,600 2.7 24 2, 1[>0 I 2,720 ~l il0 ~ 230 370: 350 
Sensoned.. ___ . __ ...__ •__........ __ .........._..do •• _____....____ __ 1.83 8.0 11,100 4.2 22 4,760 6,230 740 I 1,310 ! 390; 640 500 

, Test specimens 2 by 2 inches in section. nendln~ specimens 30 inches long; others shorter, depending on kind of test. 
'The values in the first line for ellch species nre from tests of gre!!T1 material; those in the seeond line are from test" of scnsoned material adjusted to an average air-dry condition 

of 12 per l'Cnt moisture. 
~ 
01 



t,;:)TABLE 3.-Average mechanical properties, by localities, of woods from the United Siaies proper whose range of growth includes Alaska 
~ 

[Bulled on tests ot smull,' cleur specimens In the green und nlr·dry condition '] 

-------------- I - ------------ ..~ ! S .' ,--;----=~--'--I~-,S::-h-r·j"""n-:-k.:.ug-e-f-ro-m-gr-ee-.n-,/:---------


I pcclflc gnl\lt~ to oven-ury comJi. . 
 i-3 
t=:lI I oven-ur~ bused . t!Oll, based 011 dimen. Static bendmg . !\loisJ 011 Weight SIOIlS when b'roon 
a 
~I. Placeof.growJhofmate. 1:~e~ RI~r S~~. t.ur~. V~lume I, yer.. I i IFiber I I ZCommon lind bol:lIliC:11 nllme ....nul tested testen inch wood con "hen \ olume cubIC 	 t M I !\loduJ 

. tent, green or when foot Voh!. Radlnl Tnry.) 5 ~~ 'IS:of' I' of el!l~ aI 	 ::
lit 12 I~r oven metrIc gentmtl elastic rupture tieity

I 	 t< 

d 
! t,!,nt dry 	 limit I 

0;mOIsture 

2 	 I 3 I 4 I 5 I 6, i 8 9 I 10 11 I 12 I i3 14 15 t" 
.\'UTn· .YUTn· PCT , PeT I PeT Per Ptr Lb,. pcr Lb•. per 1,()(X) Ib,. J:"' 

:,.j
Cedar, Alaskn (C'hnmnecypnris nootklltensis): I 	 brr beT ctnt ICtnt LIM. c.-nt Ct1lt i c.-nt i ,q. in. I,g. in. ,per .q. in. i-3Oreen.................................... LnneCounty,Oreg_ .... " 31 ... 40, 0.40 0.·\4 35 7.9 1.9 5.01 3,~,Q() 6,200 960 ,..., 

cedi~~fc~iire~i(1~iiiijll·i)iic..;tny:--· ..·--···· .....do................. 'I' ..··,. "1' 12 I .42 29 ................,'........,' 6,.00 I 10,100 1,270 Z 


Oreen................................._. __ Missoula County, :.ronL 5 21 42 aa I .29 .:13 24 7.6 2.5 4.0 2,900 4,800 800 
 l<l 
Seasoned.. __ ...................._...._.... __ ..do.... _.. ... ... .... ... ...... 12 .31 ..______ 22 ..______________,____.... 4,!lOO 7,000 1.120 l<l 

Oreen_____ .. __ ..............._..... __ ..... Snohomish ('ollnty 5 20 31 45 .:13 .:l6 30 8.6 2 . .'i I 5.6 3,!lOO 5,700 1,020 => 
Wash. 	

~ 

Seasoned._____ ..................... __ ......____do_______ ........__. ...... 12 I .35 24 ._...____....__.,._______ 5, ioo 8,400 1,220 
HemlOCk, mountllin (Tsu~n mertensinnu): I I 

Oreen....................._......... Montana........... - .••. 5 Zl 4.5 iO I .42 .48 45 10.8 4.4 I i.1 3,WO 6,000 1140 
 :n1,130IIe~I~~,n~!sier~i(T;~gll.h;,iej.oJli;yiln)~..........do•••-- .. ---.................. -- ...... 12 I .45 31 ..----....______ .. 6,300 9,000
,1 ______ 

t::1
Oroon..... _............... __ .......__ Chehalis Count)', Wash. 5 JO 27 71, .38 .43 41 11.6 4.5 i.9 3,400 0,100 1,11)0 t:j
l 	

~ 

Seasoned......................____•• __ .........do. ____........... __ •.••. 12 ; .40 28 .., ___.......___ ........ 6,100 9,000 1,420 "d 

Oreen......................... __ .... _..... Oregon.. __ ............ 2 12 41l 92, .38 .44 46 11.8 ......__ ..... __ . 3,80016,?OO 1,270 ;-3

SellSOned._ •___ ................. __ • __......__ .do __ ................ 12', .11 29 __• __... ____. ___ ..__ .... i,6oo 10,100 1,540 

Poplar, hnlSllm (l'o]lulus hulsllmifern): I o 
Orl-en•• _....................._____________ Dennington COllnty, Vt. 5 5 121 .30 .33 42 8.0 2.0 I 5.4 2.100 4.000 800 ":I 

Sellsoned........... _...... ___.._.... __ .. __ ...do.... -_ •.• __• __ ' __ __ ••• 12 .32 22 ____..__ ...._.____...... 3,900 6,800 1,020
'0' _ 

Spruee, Sitkll (Pit-en sitchensis): 
Oreen.......... __ .........___ •__ ._....... (,hehalis ('ounty, WasiL 5 9 24 5:1 .34 .37 32 11.2 4.5 i.4 3,000 5,WO 1.180 §

Seasoned..........._................ __ ........do ____ .... ___ ....... ...... ...... ... _ 12 .3i ______.. 26 .........._.........__ .. 6,200 9,800 1,520 ..... 

Oreen................................_.... (,Illtsop ('ounty, Oreg.. 4 15 __ .... 45 .34 .38 31 JO.i 4.0 i.O 3,200 4,000 1,000 a 

Seasoned............. _..._......._____........do ____..__ ......... '''''' ...... __ .... 12 .38 ________ 27 __ ...... __ ...... __ ...... 6,aoo 8,500 1,370 c:l 

Oreen.._.. ___.._______......._............ Oregon.......___......_. 3 14 47 30 .38 .14 32 12.8 •____ ... ' .... 3,700 n,ooo 1,4!iO
o. 

Seasoned..___ ................ _.................do..._._________ •__ ....___ ._.... ...... 12 .42 ....____ 2\l ..... ______..... ________ i,7oo 11.400 1.740 ~ 

Oreen._...__......___.......__........__ ......_do___________...__ .. 3 10 41 34 .37 .42 31 II. 2 4.5 7.9 3, GOO 5,900 1,310 
 c:lSC8Soned....__ ..__ ........_____...___• ____ .....do __ . ____..____.... ___. ____..... ______ 12 .38 27 _____________ ." "."_ __ 6,200 9,300 1,560 .., 

Spruce, white (Picca glllucH): t:j 
Oreen.._..................___....._.._____ Coos County, N. n _____1 51 11 I 22 52 .35 33, ________,______ .. ,....... . 3,300 5,700 1,060
Sellsoned........ _____..______.......__ ..______ .do_. __ .''''''___ '''_________" __ ,___ ". 12 26 _.... __ • __.. __ ........ .. 0.000 9,:100 1,3f.o 
Or~n... --------.--.------...----.-----.-- Rusk County, Wis..__ .. 5 Ii i 2\l 48 J~ 1'''':43' 35 14.8 3.7 i.3 3,400 5,400 900
Seasoned..... __...._.. __ ....._. ______.._.. _____do__ . __• __________.. ______ ....______ .. 12 . 41 2\l __ .................. . 0,200 9,000 1,500 




~ 'T' .".. ~ .... ~ ~ ~--,.' - - --

Impacl bonuing ('omprCSllion I ' !i Static benuing ___panlllel _ to gruin ('ompr~s- I 11IUrtllle5S 
sian pt'r- I i (Io:ld re--.-1- Height t pendku- I ' quired to 

Work in he",l  of d~op I F!l>'.'r lar.to Shearing,Tension' emOOd il 
Plat..! of g-rowth or Ul:l- ing-- C:lUS1I1g strl'''~ Mn,i- b'nun, strengtht perpen~ O.H4-lllChCommon und botanical numo Fiher , "'ork in 


tcrilll to.>tc,1 I" 
 :;lrrs'-; bCIHlinR ('01111'11.«,1 III mUIIl tII>'.'r Jlllrull,'1 I uicuhrIb:lll to one
ut to .r ,lIun' , ehstl!' ,crushing stress ."t to gruin ,to b'TIlln !wlf ItsI 

')'0 To ela-;th' ehstic (aO.poun, I limit ! strength dtlstlc ulUmeter)!mlxi~
el SLil' limit Unlit I ,"'--;-mum ~=m~1 li~L : 

, limit i01l1 ---1 __ _.___ I i Enu Side 
1---" 

I _ 2J 24 25'26 rr 
. -', I 

2 16 17 18 ! 19 20 I 21 ?) I '1'! • I-_._-.-- --------1---
Lb•. 1-'In.-lb •. ' In.-lb8. ' I In.-lb•• Lb&. Lb..! ' 

pe~ pOT per Lb._ per Lb.•. ptr per Iper l' ptr , Lb.•• per: 
Oedar, Alaska (Cllllmaecyparis nootkutollsis): ,u, in. cu. in. j' tfq. il1. cu. l71. ! In •. sq. in. f &(J. in. 8Q. in. ! sq. in. .q. in.,! Lb&. Lb,. ;.. 

Groon._ .... _.. __ .. _______ •. ___ ..• Lllne ('ounty, Oreg 0.77, ~t 5 I 8, GOO 3 ') 27 2,390 2,880 HO I 820 21lO 520 410 
Seasolled .• ___ '"___ ' __ ''' .. ~. 10 i 8. S 12,21l0 2Il , Ul_do_. __ ••... _.. 5.8 5, 330 5, BOO 720, I, 000 300 700 520 ~ 

OedlLr~ western red ('1'hulll pUcutll): ;::::
Groon _____ . Missoulll (1ounty, _54 4. Ii 6,400 2.0 J6 2,300 2,O:lO !!SO 700 220 300 2W ;>-

Mont. 
Seasolleci. __ _ _...do. __ _ I.!)!l 4.8 9.000 3.3 Jl 4,170 4,920 400 810 100 550 300 
Oroen_,"~",,<_ Snohomish <""'Ollllty, .74 5.t> ;,800 2.9 18 2,090 :1,0.50 3.50 740 ~'OO 4f,o 270 ~ o

WlIsh. 
_uo.... _. 1. ii4 7.2 8,SOO 3.0 20 4,720SOllsoned _____ .•• ______ •. _._ ... _.... _. ,'),4[,0 000 920 740 3st) o 

t:l 
Homlock, mount.uin ('1'sugn JJlcrtcnsinna): t Ul 

Orool1 __ ", _ ".. _~"'M ... ~._,.."'_~"'~ ___ ~~ ___ ~_" .1 .\foutnllll". . i8 9.,1 8,.>;00 3.U 30 2, ~lUO 2, SOO :100 5SO I880' 4lW) 
Seasoned_ ..•. ______• __ • __ ... __ ._ . ___ ... __ .. ___ dcL. U ., 1:1, !lOO 0,7 36 3,800 0,000 I, liO 0402.011 :HO 1,080 1 

llellllock, wesVJrn ('l'sugll heterophyllu):
Green. __ • __._. ____• ___ •______ • ____ .. , ___ ._ (' h elllll i s (' 011 n t y, 2, ~'OO 2,800 ar,o 810 200 540 430 

\I'llsh. 
.58 6.0 7,800 2." 20 

Sellsoned ___________• ___....... __ ..... _••• _ ... __ do _____ _ 1.57 11.1 11,100 4.5 24 5,260 5.700 020 I,!HO 100, 840 5.50 
Grooll .. _______ . ___ ••_______ •• _ .. Oregon_____ . .62 6,6 9,000 3.1 20 :1.0-10 320 800 300' 510 400 
Sensolled...__ •. _________ •• _... . .. .. ._. __ do __ • __ • !!. Il 7.4 1:1,300 5.7 24 0,0811 ' 040 l,O&: 370 8:lO .'>00 

Poplur, lIalsllm (I'opulus 11IIIslImifern):
Green ____ ._. _____... ______........... ___ .. Bennington ('ounty, .32 4.2 0,200 2.3 18 1,200 I 1,720 100 520 180 2tlO 2.50 

\'t.
Seasoned_ •• _. ____ • ______ , _.... __ .. _.. _. .1. ___ ~dn. ___ .. _~'" ...... "' .92 5. j 7, iOO 2.8 14 2,020 3,810 :190 840 320 400 320 

Spruce, Sitka (l'lccn sitchensls):
Green ________________________ ---._ .• -- •. "1 (,' h eh IIl1s C oun t v, .44 0.4 7,000 2.5 211 2, ZoO 2,000 330 71<0 230 430 , 3iO 

Sonsonod ________________________ .... __ . ___ •__ ~~·,iri~': ___________ ~-. 1.38 9.5 12,500 . 4.5 20 4,300 0,000 800 I, 110 440 700 , 500 

t 'i'cst SIlCClmens 2 by 2 inches in section. Bending specimens 30 Inches long; others shorter, depending on kino of test. 
2 'I'he vtllues In the first line for etlch species ure from t<lSts of green mllteriul; those In the second line tire from tests of seasoned IDtltcritll \ldJusted to tin ""ernga air-drr condition of 

12 (ltlr cent IDolsture. t-.:) 
"'-l 

-



TABl.E 3.-Average mechanical properties, by localities, 0/ woods/rom the Uniterl,slaies proper whose range oj growlh includ.:s Alaska-Continued hj 

Static oouding Impact bending ComlJrcssion TI ord nessj I 
00 

r-3parolle to b'l"aln "Compr " (load reo t=j 
. "" qulrcd to-----1-----:-----;----1---,- I Sion !'Cr· embed a o

I Work in pendleU· Shearing TensIon 0.4+I·inch i!I
PL1CC or growth In bcndillg- I ;IIelght. lar .to strenb>th l~q>en· ball to.one- ~ Common and botanical name Alaska or moterilll , Fioor 

r Work in or d~op Floor Maxi. ~~n. I paroll!,1 dlCUI!lr/ hair Itstested ------1 stress aIbendIng C>lUsmg stress mum 1 r to gnIm to gnIm diameter) ;..lit'1'0 to co":!plete at. crushing1st,ross.llt C"I'ro . mUli. elnstic eillstic ~lilure e~~1C strength ell.as~~c 
elastic; mum limit limit 'jeW-pound hmlt lml I ~ O:l 
limit 1 load Ihn=er) I 1End tilde 

~ 
I 1-- -i-- - t'i18·,--19-1--;- -2-1- -22-1-23--1-24--'--'--

.-< 

2 16 I7 >'3 

I 
,In.·/IM. In.·IIM. i In.·IIM. LIM. LIM. LIM. l:lI ptr I per Lb•. ~r, ptr ptr per ILIM. ~r LIM. ~r per 

---I !--I--I---~---~'~i~ ~ 

l:lSpruce, Sitka (Pit-en sitchensis)-Contil1ued. cu. in. cu. in. .q. in. ! cu. in. 1m. .q. in. .g. in. .g. in. .g. in. •g. in. LIM. Lb•. 

Grcen .. __ .......______ » ..................l ClutsopCounty, Oreg. 0.53 5.4 7,800 2.7 20 1,920 2,1SO 2'.10 700 170 350 280 

c:. 

Sensonc<l................ · .....· ..... · .....I.....do ____...______... 1.52 7.4 10,000 3.7 21 3,750 4,730 580 1,260 440 600 440 

Grcen ............. __ ............... __ ..... Oregon.••.•____...___ • .58 6.2 9,600 3.5 24 2, 840 360 7SO 160 4SO 350 ;:l

Seasoned __ .......................... __ ........_do ...___________ •• 1.93 11.4 13,800 5.7 28 5,850 750 1,280 370 810 520 

Oreel1 .. __.... __ .................. __............do_____..________ • .59 6.5 9,300 3.9 23 2,930 350 750 300 4SO 3.10 
 rn 
Sensoncd ...................__ •• __ ....__........do. __......______ • 1. 41 8.1 12,000 4. 7 24 5,830 fl80 1,110 340 iSO 450 

Spruce, white (Picco glauco); 
280 240 ~ 

.61 I H 1,990 I 2,440 I "d~:.:;.,nn·e~i:::::::::::::::::::::::::::::::::: .~~~~~~~~::.~.•~::: 1.47 1;,020 fl80 1________1 220 14,230 460 1, 130 350 540 440
Green. __ ..........___ •_____ ...... __....... Rnsk County, Wis __ __ .69 2,140 2,550 270 280 ~ 

Senslllled..__.....______...______ •__ .......... __ .do•..___..... __• __ 3,660 540 ~
1. e; . 1:::~~~t::::~~~t:::::~J 5,320 ~?J ....~. 5:lO o1 

"'l 

>
~ o 
q 

~ 
~ 
t'i 

,.. 




--

.".. ~ ~ ... 
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T.-\BLE 4.-At'erage lIlechunical1)TOperties oj eightecl! spedes oj wood I 

[BIISed on tests oC small, ' clear specimens in the green and air·dry condition IJ 

.. ....- '" 
 - - -	 '- -


Shrinlmge from greenSpecific grn .,ity, to 	 oven-dry t'Oudl· Static bonding O\'en-dr}', bascu tion, rnlSC<l on dimen· on sions \\~hen green

I I. ill':S ..1\1015' lweight 
Plnce oC growth oC I'1~rees! lI~gS un1 turo per i , 

muterial tesu.~1Common and botllnlenl name 	 tested ycr mer COll' Yolurne cubic ! I . 
; meh wood tent when \'olume foot 	 Fl~r ModU'\ Modulus I greell or , when \'olu·. Tlln· stress Ius oC oCel:\S· 

, tlt 12 per I o\'en metric Radlnl gentL~1 I lit . rupture tldtyI1 : t't!nt dry 	 e .ns~lCI
---------.------'--------- ----~-.--I~I---- ---- ---'--~I-------, '1 ! 

2 ; 3 _4_!_5_ _6___7__ __8_' _9_ _1_°_: 1l___12_1~_1_4___1_5_ 

Ii 	 ~ t	 1 rJl ,Num. NumJ Per ' Per 	 i Per Per PCT ILb •. per Lb•• per 1,000 lb•• 
~ Alder, re,l (Alnus rubnl): I I beT beT Icent, cent Lb!. Icent cent ctnt .g. in. sq. in. 'peT 8g. in. ;;-

Green.. '. __ . ..' ... " ..........._ WilShington._____ .... __ • 0 11 ______, 08 0.371 0.43 40 12.0 4.4 i.3 3,sao 6.500 I l,liO 


'Jlir~~~1fl:~; wilitc'CBctUi.{n'';';;;I;;S'knn;i):--·· ,. __ .do....... _.... __ .....;...--_ ----··1------'1' 12 .41 I····..·· 28 ,'-- ... ------••••• i,IOO 10,000 1,31'1) ~ 
oGreen. __ , •.... __ .. __ ...... ____ .' __ •• __ ••• A\:lSkn.......__.......__ ! 10 29 ...... 58 .49 .59 48' 10.7 6.5 9.9 3,sao 7,100 1,3,';(\ 
 oDirc~l~~i::~~~hiciul,l 'I;Op;'lii(;li;l)~""""----" .....tlo................... \I ....... ... ······1, 12 .55 ........ 38 ;'''''''' i,sao 13,800 1,000 o 

Green. ___ . _._ ... ' ....................... 1'fewIIamp~hire........ 5 ............, 63 .45 .55 46: 14,7 5.2 ........ l,sao 4,000 400 

CJ! 


Dlr~il~~~R~~~(ricil;i:lltitMF...--••--.............do.......... __ ......:....· ....... --.--.' 12 .51 35 ,........ ,- ...........--.. 5,400 o,sao 1,130 


Green..... _•• __ ........................... Wisconsin, Vermont, 17 16 26 67 .55 .66 57' ]6.7 7.2 9.2 4,200 I 8,300 1,500 
Pennsyl\9nnin. ' 

.('ed~~~I~~ii(Cli;l;n;.C(;;~I~;ri,;;;ootk,it(;nsisT: .....<10.............................-- •••-., 12 .62 43 __ ...... -............... 10,000 16,600 2,010 

Green... ___ •.•. _........ _................ AI!lSkll,Oregon...._•.__ . 8 281...... 38 .42 .46 36 9.2 2.8 6.0 3,800 I 6,400 1,14011.C'ed~~~:)I;~I~.;rn ..v.liit.;(Tli;li,;.ci~~i(icDtaiisF.......do...............................(.... 12 .44 30........ .... •• ........ 7,300 1 ,300 1,430 


Oreen.... _............................... Wiseonsln..............l 5 23[ 36, 55 .29, .32\ 28 7.0 2.1 4.7 2,600,4,200 friO 

Sc:lSonClL................... __ .................do.....__ ............'......,............. ' 12 ,31 ,........1 22 ...... _. ........ 4,000 l 6,500 800 

I The values I(iven in this table comprise the n\'erage of nil comparable dnta on C:lch species regardless oC region where grown. Any dilTerenees of these mlues from those g!\'en In 


U. S. Dept. Agr. Bul. 556, ~rerhllnicnl I'rolwrtles of Woods Grown in the United States (17), for the samc species ure due (I) to additional tests lIlade sinet' thnt bulletiu wns pub· 
lisbed 	(1917) 'lIld (2) hl the fnet thnt the mlues for nlr·dry materlul ure herein reduced to n uniform moisture b'lSis to mnke the results directly comparable. 

'Test specimens 2 by 2 Inches in section. Bending specimens 30 inches long; others shorter, depending on kind of test. 
, 'I'he \'nlnes in the t1rst line Cor eneh species nro Crom tests oC green material; those in the second lIue ure Crom tests oC seasoned material ndJustt>d to tin a\'erage nir-dry condition 


of 12 per l't!nt moisture. • 
 b.:) 
~ 



TABLE 4.-At'crage mechanical properties of eighteen 8pecie,~ of wood-Continued ~ o 

ISperiflc grn "ity I :Shrink~fe (ro;n .green ,.

o\'en dry bll.~ I i t!l O\C IH:ir) (.ondl. l-3
Static bendingn ," tlon, based on dlmcn· ::"l 

f 0 - , sions when b'TeeU ! 
' 1'" Moi5.' 'I Weight' . £.!zCommon Imd botnnical name Plu('Co(growth ill Alaskll'l'rt'eS lIngs "n~. ture 1 pcr 

j 

I '---.---"7,---
o( materinl t".>tcd . tested. (:~h I,:.~ ron· \'olnmc! I ('ubic !r'(ber

! ; tent; when ;'''olumel foct· ~ Ci ;;..
I , h'l'cen or Iwhcll . VaIn· TlIn. stress MOOu· J\fOOu:illS ' t Iq·· t' Rndinl., I I! at Ius o( , o( clns· t' 

a ·I)<;r o\cn , me no "gent 1I eillstic rullture' ti'it"
('Cllt dn' I . . e J t:::iI 

qI I.. I 
----2----.-;-]:-4-. ._- --I mOistt~:i·_._·- ---1--- -_I1_I~ ~:lt 1-- -- --1-5- ~ 

til10 141.---__ .!! 1, ~ 
!Z\~:Rumj PtT -;;1 ---1---'--;:- -'P~- --;;: Lb•• per -;b.'.1'tT J,(x)() I~. 

('cdllr. WP$tcrn r<~1 ('I'hlllil plirlltn): t~ , btT Iher cent cent: • Lb.. ,cent cent cent .q. In'l,g. In. per .q. m.Ort'('rL~ .. _~. t<>

S(~ncd....... _......................~~~~~~~~:.~l~~~~:l~.~~~~~l.-:...I:.,...~~. __ .:~.. ~: O:~ I...~~:J : ....:J....~~:.....:~~. ::: ::: r 1,;: '" 

C'ottonwood, llorthern black (Populus trieho· , : q

rorlla hllStata): ! 
.32 .3; 2. 000 4,800 I,OiO [Il~t'1~~~;ed:: :.:::::.:::.:-:::_ :.:::::.::: .~~":~I~~J~~~n::::::::::::::....~.:....~. ...... I~~' .35 1. :?60non~hL' fir (Ct~lSt type) (l'slluclotSllgll taxi· 1 , I ~~ '...:~..~.I· ..~:~·'.. ··~:~·I n. 400 I8. 500 

tj
(alia): I: 

j 

t"lOre""................_................... \\"ashington, o.rcl(on, < 34 1-11 31l! 36. .45 .51 "d
1,5.';04,Roo I.,600 i r'l
12 .48D~~~~~~lr(inoiin~iili"tYli~i' ·(r;&:llii~t.~·ug,; '1' .. ~:~n(:~~~:'~:..... .. .. "I . ·1···..· : 1...:~~~.L.~~~.:....~~~j 8, 200 11, !JOO I 1,930 o; I "':i 

Oreen.•-........ -..................... J\[ontnnn.\\·yoming..... : 10 I 2'2 I 27 38: .40 .45 
 1,180 ;;..SC<lSOlllXI.. . •... ....... . ........... o. ... In...... . ....1 3,600 /6,400 I 

llcmlock, ClIstcrn ('I'sugn cnnad,'nsisl: 1 , 

12 .43 ~ I···:~:~·I....~:~·I ....~::·I 6, 300 D, 600 i 1,4l() 

OrL'Cn.................................., Wisoonsin, '1'l'lllll'SSt"',II 20 I 17 I 34 I 111 .38 .43 50, n.1 3.016.S, 3, 800 6, 400 [ 1,0.0 ~ 

1 

I
Kcw llnmpshirl', Ver. o 
mont. 

.40llcn'{I~~~',I't'i:~,ini;lirl·(TSiig,;·m(;rtci;Si;il;l;i:.. ·· ..... lIo.....................: "'''1 12, 28 1........1....... .1........1 6, 100 I 9,000 1,210 
 ~ 
Oreen....................................\Inskn, ]\fontann .......! 10, 26 45. 62 I q
.43 • 51 3,800 6,600 1,080SClISOnoo.. •... ...... _ .............do....... __ •.• ... • .... . 12 I 


ilcmlock, western ('I'slIgn hetcrnphylln): I ., i '. ~ l .4; ~ L..~~:~.....~:.~_j_...~:~. 7,400 lI,200 1,3:lO ~ 
Orecn................................... AIllskn, ,\ nsillngton, I 18, II 31, 14! 
 .38 .44 3,400 6,100 1,220 
SC"SOIlL.I...••• __ 12........._..............L?a';~~:.....................1............ , : L.~:~:.....:~:...__ ~~~.
.42 6,BOO 10,000 ; 1,400 



..... ~ "IE' .".. ~ 411" ..... 1"' .. - - ... ~ .

;llnplp, biglctlf (AI'er macrnph)'lIum): .44 .51 47 11. 6 3. .. 7.1 jI 4,400' 7,400 1,000
\\!ashingtoll ..... 5! 12 .••• ..1 72

(1nll'>U_ .. _·~.~ ..• -- .. - .• -. J,47!J 
S~lsonl'd._. ~ ~ _-~. -~ ~,,, .~-

3-1 •• , " __ "","""", 6,700 10,800.clII. ••• ' ............1 12 .48 

Pint', Wl~stern white (Pinus lllOntil'oln): 35 11. S 4.1 : 7.4 I 3,400 5.200 1,170ttl .36 A2Maho, .\1 (J!\l'UIiI ••Of{~(m .. _--~ __ -_ - ... -- 27 .... ~. ~ .... ~ ..... :__ ~_,,_ ... } 6,300 9,f)OO 1,520HI .~....:~~J 12 .3SSeasonl.'(L .... -.. '~~~ .... ~ .. - .. -- dll.O' : I!POlllolr, balsam (Populus h"ISlllllir,'m): 7W112 40 \ 10.5 I 3.0 7.1 i 2,100 3,000
Green ... - .\11ISk:1, '·'·rlllont........i 10 I .. 

2:1 r' .....................,4,200! 1,110
rlo .. ~_.. . ... _.. _.. _... _I~ ___ .. l.9.~ .... · .. _._ ... 12 6,800SClIsollec\. . ' . . .' ... , ... }~ l)"":~'
SprUl,(" Sitkn (Piel~\ Sitdll'llS!S): 1,23042 ~ .. 37 .42 32 11.5 4.3 i.5: 3,300' 5, 700Alaska, wt\shington'l' 251 15 35 I 

Ore~oll. I 
I,' 

' . 1,570 
Oreen 

2S i........................j 6,700 10,200
12 .40 t~ .... -.. -- ..Smsoned......................... . 
SPrtll1', whill' (P[C'CIJ ghllml): 50 .37 I .·15 :15 \ 13, .. 4,7 S.2. 3,300 5,600 I,OiO. .\Ia;~~: ~~:iS";';:S~~: '~(:\:'-I'" ;~'II" .;;....~~. 

Gre~n. ~~a~ ... - ___ a -_" , 1
Jlumpsh!re. 1,4202S f ' 6, aoo 9,600

,1. H " .. _do .. __ .. _~ __ ~ . ___ ... ___ ... ____ .. _~,' 12 .40 :.... ISeasoned .......... 

;;..

s: 
if. 
"., -;;.. 
::::o 
o 
o 
rJJ 

C\:) 
t-' 



T_~BLE 4.-~tveTage mechanical properties of eighteen species of wood-Continued Col;) 
t-:l 

Stntic bending CompressionImpact bending IIardne.ssContinued parulJel to groin (land reo 1-3 
t;jquiredto oembed aWork in 

TIeight Sllenring/Tension O.4H·ineh l:!iPlnce of growth of benuing
mn terial tested ~ 

Common and botanic-Ill name Fiber : Work in of drop strengtll Jperpen ball to one· l2: 
stress , bending rousing pamllel dieular hnl( its oto groin tograin dinmetcr)at to complete ;;.ITo To. elastic elastic i fnilure t'clastic ma'l  limit limit I (50-jJound 

limit ' 'f~d I hnmmer) End I Side !:Iic:
~-------I , ~" L.. !~~_ ~ ~ i ~ I ~! " I ~ H " ~ 

1-3 

~ , In.-lbil. , In.-lbil./ In.-Ib,. ! 
p<r : per Lb,. P" P,,!" LI,.. ptr Lb,. P" Lb,•.per Lbil. per Lb•. per 

[¢.\Ider, red (_\Inus rubm): _ . cu. I!I' cu. m. sq. m. , Cit. '1;' Inchf~ 'q. m. i ,q.; m. sq. m. ,g. ~~. sq. m. Lb!. Lb•. "" 
GI1-'Cn. __ ...... __ ._..______• _______________ Washlngton••• _••. __ .I 0.• 0 8.0 j 8,000 1 _,6 __ 2,650 _,000 310 •• 0 390 550 440

I '-~ Scnsune(L __ ._ •• _••_....._. __ •••• __ ._._____ •• _•.do•.••.•__ ._. ____ ..1 1.90 8.4 11,,00, 4.9 20 4,660 5,000 550 1,100 420 980 600 
Dirch, Alnskl\ white (Betula ncoalasknnl\): 

Green._ •••.•• ____ .. _. __ ...._______________ AlasktL ...__________ ._ .60 11.6, 9.800 3.7 3, 1,9iO 3,030 430 920 200 MJO 560 ;:ti 
Seasoned _________ • _____ ..__ .• _._.._._..._. ____ .do_____ •_________ .• 1;'7 13.8! 13,500 I 4.8 40 4,900 7,510 830 1,420 6iO 860 840 

BIrch, grey (Betuln populifoliu): :nI 
Grel'Il •• _ ....... _________••___ •.________ . __ New Hnmpshiro____ ._ .47 13.91 i,400 2.6 59 1,000 1,860 300 _••______________ 440 480 
8el\sone(L_____________. ___________________ •___ .do_________________ 1.44 10.81 10,400 3.5 35 3,050 4,880 950 ___ ••___________ • 690 I 770 

Birch, yellow (Betula lutea): ~I 
"0Green. __ •____._. ___ •_____ ._.__ •• ______ . ___ Wisconsin, VermoIlt, . iO ]6.1 11,500 4.4 48; 2, 530 3,380 530 l,llO 430 810 780 

l'eIlnsyh·ania. , I t'3 
8cnsoIled. _____________ .._______ .._._~__________do_________________ 2.87 20.81 17,200 i.2 55 5,930 8,110 1,180 1,900 920 11,480 1,260 o('edar, Alaska (Chamaecyparis Ilootkntensis): ".iGreen. _______• _________..___ ••_________ •__ Alaska,Oregon....____ . i7 9.2 I 9,100 3.2 27 2,540 3,050 430 840 330 540 4-10 
Seasoned _________________• _________ .._________ -<10____________ •__ ._ 2.ll 10.4' 12, 300 5.2 29 5,620 6,440 790 1,140 360 I 800 590 ;;. 

('ednr, northern white (Thuln occidcntaJis): o 
Green __ .. _....__. ___...__________ ..____ ._. Wisconsin....________. .60 5.7 5,300 2.0 15 1,420 1,900 290 620 240 320 230 ~ Seasoned... --................----......... _....do...__..__..______ 1. i3 4.8 7,100 2.8 12 2,730 3,980 380 890 240 450 320 
 aCedar, western red (Thuln plicntnJ c:Green. ___________________._._____________.•-I.laskn, Montana, .63 5.0 6,900 2.5 Ii 2,370 2,750 340 710 250 430 270 t"Washington. 1"3Sensoned .. ________ .. __ . ______________ •________ .do_________________ 1.47 5.9 8,600 3.2 17 4,320 j 5,120 620 870 240!I1 670. 360 c:Cottonwood, northern blaek (Populus tricho

",rpa hnstnta): gj
Green__ ...________________________________ Wnshington__ ._ ... ____ I .44 5.0 6,800 2.2 20 1. {i0 2.160 200 600 270 280 I 250 
Seasoned... ______ •____ . __ • ____________________ .do__....___________, 1.28 6.7: 9,900 3.8 22 3,680 I 4,510 380 1,010 330 550 I 350 

http:IIardne.ss


DOuglas fir (coast type) (Pseudotsuga taxi
folia); . 1

Gre'·n _______________________ ---_________ i Washington, Oregon, _85 6.S ~,!iOO 3.21 24 3,430 I 3, SOO 510 ~30 I 2:)() .r,tO 480 
. {'alifornia. 

t~ f;ea....'ODe<t _. __ ...... _______ ...... _____________ ... ___ . 'O_ .. do________________ _ 2.02 S.7 12, 000 4.6 i 3n 6,870 7,f'90 920 1,110 I 310 'i70 6/0 

~.~ Douglas fir (mountaIn type) (Pseudotsugn 

__ 


r:; ta~ifolia): . 

"'; !?rcer._ - -. ----- ________ . ___________________ Montana, Wyoming __i I

• ()'5 6.8 ~,loo 3.0 20 2. 520 '1,000 s~n 1 :l..'iO 4.fiO ·ICI)
1.61 6.4 12,200 4.8 26 4,720 6,140 l,(}!O :1,".0 740 630I. ITe~{I';r1i'n~~siem-(1{sliga-(;in;;dCnS;S):--·------ ---- cio____ •---- •• --- ---! 

~ Grcen_____________________________________ ""'il5consin, Tennf..ss~, ; .76 6... [ 7, 000 I 2. 9 21: 2,4W 3,080 &;0 ZlO roo 400 , 
iII S=oned __________ •• _________________________ ~fj:_~~~:~.~~_~~:~~_, LSI 6.S i 10,700 4.8 20 I 3,000 5,400 

:1 
1,070 :!'20 820 510 

0.: IIemlock, mountain (1'sugn mertensiana): I , 820 ,
Green. ______ .• _____ • __________ •• __________ Ahska, .\!ont8na ____ _ .70 9.6 0,100 3.51 32 i 2.1>10 3,1.'iI) 470 910 3:1O 600 500Seasoned ...... _. _.... ________ .. __________ '"' ______ .. ___ ..do _____________ .. __ .. 2. 40 8.S 13,400 5.l> I 32; 4,810 6,9·10 I,(HO I, ZlO 320 1,170 750 

Hemlock, western (Tsuga hetcrophyUa): 
Gret'n. ___• ____ ._..________________________ AlaSka, 'Yashinglon, i 

.57 6.8 '«,100 2.8 2'2; 2. HD 300 810 310 5~'O 430 
Oregon.Seasoned ______________ •________________________do_________ •______ _ 

1.80 7.5 J 12,400 5.4 26; 5,210 070 1,100 alO (HO r.~o:::/Maple, higleaf (Acer maerophyllum):Green___ . _________ •_____________________ ._ 'Yashington _________ __ 

Seasoned ________ •___ .• _________________________do________ •_______ _ ...
1.0:! 8.7 8,500 I 2.8 !):; 2,3S0 :1. ?JO 1;.;0 1. lIO noo 760 020 t

1.68 7.S 2S 5.200 6,' 1 IHO 1.770 1>10 I, aoo 5.50 u;.
Pine, western white (Pinus monticola): .....Green _______________________ •___________ ._ Idaho, _____ • ,.-,~rontana .56 5.0 2.6 260; :!lO 310Sen.."Oned ___________________ •______________ . ____do________________ _ 7,600 I 19 2. 300 2.6-.0 I 200 6401 ?1.51 S.9 12,r,(JO 4.5 23 4,910 5, ;;!O 1>10 910 i 2SO. 440 SSO 
Poplar. bals.~m (Populus balsami ern): I :;:; 

Seasoned _______________________________________ do________________ _ .3.'i 4.2 6,000 I 2.2 1fi 1,140 1,600 170 ,'j(JO 100 2·10 230
Green _____ . ___ .._______________________ .._ .-\Iaskn, Vermont____ __ 

ry o.98 5.0 8,000 I -. -, H 2,&10 4,020 ;iiO 800 :\50. 380 300 <3 
Spruet', Sitka (Picea sitrhensis): 

Green____________________________________ • Alaska, Washillgton, .53 6.:! 8.·100 I 3.0 ~4 2,100 2} 6,0 340 760 2fiO 430 350 t:J 
III

Oregon. ,Seasoned _______________________________________ do________________ _ 
1.61 I 9.4 1l.4oo ' 4.1 25 4,460 5,500 710 1,140 ·100 760 510 

Spmce, white (Pirca glnuca):
Green__ ___ ___ _____________________________ _-\Iaska, 1\'iSCOIISill, .60 6.0 7,200 ' 2.4 2"2 ( 2t O'JO 2,1;70 200 600 210 3GO 200 

New Hampshire. i
Sensoned -- _-------- ----------- -- ---- ------ _____do________ -- _______1 1. 66 i . .5 ; 1'),400 3.8 21 I 4, ZlO 5,520 580 1,070 : 370 630 400 

C/.:) 

W 
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Table 4 presents the average results of aU comparable tests made 
by the Forest Products Laboratory on woods that grow in .A.laska, 
Hmi in uddition, other data on well-known species. Previous studies 
by the labomtory have slwwn that the avemge results for matel'ial 
hom aU localities tested is a better criterion of the properties of 
material from any untested site than are the results of tests front 
seemingly similar sites, as appraised by the usually recorded char
acteristicH. Table 4 represent!:; the best estimate of the true average 
fOl' eaeh of tIle species, and accordingly affords the best basis for 
comparing the various species. These data are second only in impor
tance to the grade of timber in determining safe workinO' stresses 
for timber design. '=' 

Th(' (host line of figures for each species in Tables 2, 3, and 4 
are the results of tests on green material; those in the second line are 
from t('sb; of seasoned material adjusted to an average air-dry con
dition of 12 per eent moisture. 

COLUMN 1, COlD£OX AXD BOTANICAL XA~[ES OF SPECIES 

Many of the species have numerous common names, and not in
frequently one COllllllon name is applied to several !:;pecies. This leads 
to so much confusion that it is necessary to refer to a stn,ndaru 
nomenclature. The common and botanical names used in the tables 
are thos(' given in Check List of the Forest Trees of the United 
States, Their Names and Ranges (18). 

COLUMN 2. PL.\CE OF GIIOWTII m' :-'IATEIlIAL TESTEJI 

In the second columns of Tables 2 amI 3 are listed the locality in 
which the test specimens 'were grown; in the second column of 'rable 
4 the States from which test material represented in the a,verage 
figures was obtained. 

C{)I.U1[N 3, NUMBER OF TREEs TESTED 

The number of trees from which test specimens were taken is given 
in tIlP t.hird column of Tables 2, 3, and 4. As previously mentioned, 
five is the lISUnllll11nber froll1 a single locality. 

COLU~[N 4, XU1[lJElt OF RINGS PEl! INCH 

The number of rings per inch is an inverse measure of the rate of 
diameter OTowth. It is taken along a radial line on the end section 
of each specimen. One ring, consisting of a band of spring wood 
and a. band of summer wood, is formed by each year's growth; COIl

sequently, few rings per inch indicate fast growth, and conversely. 

The amount of summer wood is expressed as a percentage of the 
entire cross section. (See definition of summer wood, p. 75.) It 
is measnred along a representative radial line. In some species the 
proportion of summer wood gives a fairly accurate estimate of the 
density; in others the contrast between spring wood and snmmer 

J 

, 

I 
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wood is so hHlistinct that no measurement calI be made. It is of 
no prllctieal \'nhll' cxc-cpt in species in 'which the relution to density 
lias been worked Otlt. 

('or.e~[1~ G, ':\[OlSTUltE CO;S-TE;S-'r 

Moisture content is the weight of water contained in the wood, 
exprcssed as II pcr('cntagc of the oven-dry weight of the wood. 

The llloisture eontent given for green material is the :werage fOl" 
specimem; taken from the pith to the circumference of the log, and 
henee represents a ('ombination of the Illuisture as fOllnd ill the 
heartwood and ill the sapwood. In Illany species there is much 
1I10re moist\lI'c in the sapwood than in the heartwood. 

The moistllrc l'ontent of the air-dLT material when tested varied 
sOllluwhnt alllong the ditl'ercnt species. To facilitate comparison 
of strcngth pI'opel'ties, thc test values wcre adjusted to conform 
to the uniform condition of 12 pcr ('cnt moisture as indicated. 

COLt.:~IXS. 7 AXil S, Sl'~:cn'l(, OIl.WIT\' 

Spccifiic gravit.'r of wood is its weight divided by the weight of 
an eqllal volumc of watcr. 

Ob\'iotlsly, the weight of wood in a given volume changes with 
the shrinkagc and swelling caused by changes ill moisture. Con
H'qllently, specific gra\'ity is an indefinite quantity unless the cir
(,III1Istallces IInder which it is determined are specified. Each of the 
('OIUIllIlS of specific gr:nity figures given in Tables 2, 3, and 4 is 
based on the weight of the wood when o\-en dry and on Its volume 
when green or at a specified stage of drying. 

COLUMN 0, "'EIGHT PER CUUlO FoOT 

The weight peL' cullic foot that is given in the ~lrst horizontal 
line of figures opposite each species in Tables 2, 3, and 4, is the 
wl'ight I>CI' cubit' foot of the wood (including moisture) as recei \'ed 
nt thl' Forest Products Laboratory, and because of the protection 
from seasoning in transit and pending test, it represents closely the 
weight of till' wClod as it comes from the li\'ing tree. The various 
Hpecies ditfcr largcly as to the wetnl'ss of the gl'een wood. The weight 
pel' clIbie foot that is given in the second hOL'izontal line of figures 
oppositc each specil's, isfroIll tcsts of seasoned material adjusted 
to an average air-dry condition of 12 pel' ccnt moisture ('ontent. 

Cor.u~rNS 10, 11, .\Nll 12. Slml;S-KAG~~ FRO~[ GltEF:N TO OYEN-DRY CONlIlTION 

1Vhen wood iH dried below the fiber-saturation point,5 shrinkage 
begins and ('ontinul's until the moisturc is all driven otr. Shrinkage 
along the length of timber is slllall. Shrinkuge in directions at right 
angles to the length is much greater. 

All shrinkages gi\'en in 'fableH 2, 3. and 4 are expreH:.:ed in per
centages of the origin:d or grccn <iiIllcIlHion:.:. and arc total shrinkageH 

:·Ol'pen wood u:.:.ually ('ontuills Ii nlJr-:orlJ('II" walpl' within th(, cr11 walls and (1"£1('''U 

w:ttel' In the ccU cHvitip$. III IIr~·in:!. tllp fr(,f~ watl'r 1'1'(1111 thfl cpU l'avJtj(~s is tllfl llr~t to 
h(' (~\·apornt('(1. Thp fib('r·~alul.'atl()n point is fhur point at which nu \'::::l'r ~xistR in tllP 
('I'll (':Ivitir~ of tht' timbN-, but at whi('h th .. ~I'II wall, ar(' still snturatl'<I. 'rile IIber
~ntllrl\lion point varh's with till' sllt'I'ips. 'I'h .. I)I-(Iinllry pl"OporUon of lIloisturl' at the 
1I1J'~r·sntllrntiOIl point is (I-om :!:! to ao pCI.' ~Cllt of th.- drr weight of th,' wood_ 
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from green to zero moisture. The specimens on which the data are 
based were air dried at room t.emperatures from the green concli
tion and then oven dried to constant weight at 1000 C. Shrinkage 
to un air-dry condition of about 12 per cent moisture is sometimes 
more and sometimes less than half the total flhrinlmge. nadial 
shrinkage is the measure of the change in width of a quarter-sawed 
or edge-graill board. Tangential shrinkage is the measure of the 
change in width of a flat-sawed board. 

Cor.U~[NS 13, 14, 15, 10, ANII 17, STATIC BENIJING 

In the fltatic hendino- test a 2 by 2 by 30 inch beam is supported over 
a 2S-inch spall. Loading- is applied to its centm' and at a constant 
rate of defleetion until the uenm fails. (Fig. 2.) Readings of load 

and deflection are taken 
simultaneously. 

The "alnes clerived from 
this test are applicable to 
beaHls of any size by the 
usc of n. uending formula, 
except for the defects that 
OCCllr in the larger sizes. 

FIllER STlIESS AT ELASTIC LIMIT'
" ~ if 

HA'}-' .... '',..r.1 

Fiber streflS at elastic 
limit is the stress obtained 
in a timber by loading it

FHll'IlE :!.-Dill;!rlllnmlltl(· ~kl'teh of mdhod of con· 
duding" Still it: "c!],ling test to its elastic limit. It is 

the greatest stress the tim
ber is capable of developing without a permanent deformation 
rcmaining upon complete removal ot the load. 

~IOI>UI,US O~' RUI'Tt:RE 

:Modulus of rupture is the computed fiber stress in the outermost 
fibers of a beam at the maximulll load and is a measure of the ability 
of a ueam to ~Hlpport a slowly applied load for a very short time. 
The formula by which modulus of rupture is computed is the same. 
as that for fiber stress at clastic limit, the maximum load bein~ sub
stituted for the clastic lirnit load. The assumptions on whiel1 this 
formula are based hold only up to the clastic limit, hence modulus. 
of rupture is not It true fiber stress. It is, howl'ver, a universally 
accepted term, and the values nre quite comparable for various species 
and sizes of timber. It is a· definitc quantity, and the personal factor 
cloes not enter to allY g-reat extent into obtaining it. It is conse
quently not so fiubject to error as the fiber stress at elastic limit, and 
for that reason is uflccl more than any other value to represent the 
streng-th of wood. :Modulus of rupture should always be considered 
in calculntill~ the, strength of beams to be used as stringers, floor 
joists, and the like. 

Safe working stresses for carefully selected structural timbers, 
with all exceptionally light pieces excluded, subjected to bending in 
drv interior construction and where only small deflections are allow
able are auout one-fifth the modulus of rupture values given in Table 
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4 fOl' green lllatel"illl. In some interim' construction where beams 
may be allowed to sag som('whllt without damage, the wOl"king 
stresses mlly be slightly increased, But for timbers used in bl"idges 
or other stmctur('s exposed to moisture, the wodcing stress should 
be lowel", How('veL', beams can not be eorreatly designed on the basis 
of outOl' fiber stI~ess in bending alone, Strength in longitudinal shear 
und bearing area must also be taken into account. 

.\lOlll'Les Of' El_\S'rrClTY 

The modulus of elasticity is a measure of the stiffness or rigidity 
of It materiaL In the case of II beam, modulus of elasticity is a 
IlWaSIll'(' of itf; resistance to def\pction, The formula ('onIlecting lllod
ulus of elasticity, load, and deflection shows that the deflection under 
It given load varies inversely as the modulus of elasticity; that is, a 
benlll with It high moduills deflcet:-; bllt little, Modulus of elasticity 
is of value in eomputing the defleetions of joists, beams, and stl"ing
ers, and in compllting sarI' loads for IOllg columns, The values given 
a l'e deri v(\d frolll til(' static bending test, but are applicable to both 
beallls and long columns, . 

wonK IX m:ND!XG TO f:r_.\1iTIC T.nnT 

",York to elastic limit in statiC' bending is a measure of the work 
that a b(':ulI is able to l't'sist or the shock that it can absOl'b without 
being !';tr('ssed beyond the clastic limit as determined under slowly 
applied loads, 

,York to maximllm load in statiC' bending r('pr('sents th(' ability of 
the timber to absorb shock with some permanent deformation and 
with mor(' or le:-;s injury to the timber, ",York to maximum load is a 
HwaslU'(' of tht' combined strength and toughness of a material under 
b(,IHling stres>=es. Superiority in this quality is one characteristic 
which mak('l'; hickory bettl'r than ash, and oak better than longleaf 
pine, for sueh IlSI'S as handles and vehide parts, Many species yield 
butt rllts that cxl'l'c<i IIpper euts in combined strength and toughness, 
hirkol'y showing this characteristic most markt'dly, The snperiority 
or blltt (,lItS 01' hickor'," to upper cuts for ax handles is weli knowll to 
('xpcrienced woodsmen, 

('Or.l·l[X~ 1S, 10, AXD 20, h[PACT llEXDIXG 

Th(' impact b('nding t('st i!'; made npon abeam 2 by 2 by 30 inches 
over a 28-inch span. A 50-pound hammer is dropped upon the stick 
at tit£' center of th(' span. first from :L height of 1 inch, next 2 inches, 
(Hid so on np to 10 inch('s. then increasing 2 inches at a time until 
('omplete failur(' o('curs, The deflt'ctions of the specimen are recorded 
on a l'("'olving drum by a pointer attached to the hammer. The 
pointer also records tile position the specimen assumes aft~r the 
shock, Thus data are obtained for (\(\t('t'mining the various proper
ties of the wood whell subjected to shock. 
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FIllER STIII!lSS AT ELASTlC LIMIT 

Fiber stress at elastic limit is the greatest stress to which a timber 
maY' be subjected under impact loading and recover immediately. 
Fiber stres!:; at elastic limit in impact is approximately double the 
fiber stre!:;s at elastic limit in static bending. This is an expression 
of the fact that 11 small beam, if suddenly strained, bends approxi
mately twice as ful' to the elastic lilllit as when loaded slowly. (See 
also fiber stres!:; at clastic limit, p. 73.) 

WORK IX Jl~;Nl)[XG '1'0 EL.\S'l'lC LB[rr 

'Vork in bending to the elastic limit in impact is a measure of the 
ability of a. timber to absorb shock and recover thel'efrolll immedi
ately und without injury. The values apply only to resistance to 
falling- bodies or to othel' condition!:; in which the stress is applied 
and relieved in one twenty-fifth of a second or less. It represents 

It quality important :in tool handles D, .J J .. , ," 

.sCA'~..! I;;''''~,/ 	 and in athletic goods, such as 
baseball bats. 

I 

('OI~(,~[XS 21 AXil 22 CO~[pnESSION 
l'AIt.\LLEL TO GRAIN 

Height of drop is the maximum 
01' the last drop of the hammer 
that causes failme. It represents 
a quality important in articles that 
are occasionally stressed uncleI' n. 
shoek beyond their elastic limit, 
such as handles and vehicle and 
implement parts. 

COLr~[NS 21 AXil 22 Cm[PltESSIOX 

FIGUntl 3.-DI:l/!rnllll1lntil' sketch of PAltALLEL TO GRAIN 


l'Umpl'tlfi8oHwtPI· and lHl'thud of (,'011

tl~~(~tl11g- cOI1l[JresSiOll·[JIII·II11el.to·g-rnln In the compre~sion parallel to 
~rain test n. 2 by :2 by 8 inch block 

i~ compressed in the direction of its length. (F.ig. 3.) Deformation 
is measured between two collars attached (j inches apart to the 
specimen. 

FlIIEII smEf;S AT ELASTIC LIMIT 

Fiber stress at elastic limit in compression parallel to the g-rain 
is little lised beeanse. it is usually more convenient to use maxilllum 
erllshing stl'l'ng-th. which is less variable and easier to obtain. Fiber 
stress at elastic limit is impol'tnnt in the derivation of safe working 
sb'l'~ses for structuml timber. (See also fiber stress at elastic limit, 
p.73.) 

l[AXU[Pl[ CRUSHING STRENGTH 

The maximum crushing strength is the maximum ability of a 
short block to sustain a slowly applied end load. It is obtained by 
dividing the maximulll load obtaillec1 in the test by the area of cross 
seetioll 'of the blo('k. This property is important" in estimating the 
strengtlt of short columns llnd those of intermediate length. 
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T('Hts of t1w crushing strength, lwcallse of their simplicity, are 
fl'('qllcntly the only tests used in studying the effect of various in
flUl'\Il'es Ot' L)['Ol.'l'SSeS 011 strength. ('ruslllng strength is not neces
sarily representative of the other strength properties. 

A sa f(' working stress for ('arcrully selected structural timbers 
llHNl as shOl,t ('oittlltns and in (h')' int('rior com,truction, provided all 
('x('cptiollally light piecl's are excluded, is about one-thircl to one
fOllrth till' (,t'ushing strength as given in Table .to for tests on green 
lltatpl'ials, If till' column is long(,l' than about 10 times its least 
diallll'(('l', a fOl'lllllla should be used that will take care of the in
(,l'eased stress \\'hi('h wOllld be causcd by eccentric loading or by the 
uCll<iing 0 f the CUIUlllll (LD, . 

In th(' COll1presHion-perpendicular-to-gmin test, a block 2 by 2 
ill('h('H in ('1'0::-:8 section and () inchcs long is laid upon its side and 
pn'HSllre applied to it 
through an iron plate 2 
inchl's wide laid across 
tltt' center or the piece. 
and at right angles to its 
length, (Fig. 4,) Hence 
bllt OlH'-third of th(' Stll' 
faee is dil'(,ctly subjected 
to ('OIlIJH'llssion, 

TIll' only Ht!'en~th value 
obtuine([ in thiH t('st is 
tilt' fiber stresH at elastic 
limit. It l'e>pn'scntH the 
maximttlll stre~s aCl'OSS 

D I J J 4 ! ,til(' grain which can be I se.ul _t...c~c~ I 

a p]llip\[ to the timber FtGl'm, .1.-Tlinl!raI1lIlHltk ~kel('h of lIiethocl or ..Oll
without injury. It is im dueting COllllll"l'SHion·perpcndiclIlnr·to-;.;rail1 t(l~t 


portant in compttting the. 

b('at'in~ area TOt' beams, stringers: and joists, and in comparing 

~pe>cies TOr railroad ties. 


Two-thirds of till' fiUPl' stress at elastic limit, as given in Table ± 
for tl'sts Ott green material, may be mie<l as a safe streHs in dl'y interior 
('Ollsl ruction, 

('O[,{,l[X 2·.1, SUEAIlIXG f'TIIEXGTJ( r.\I!..\f,r.EL '1'0 Gn..\I:-\ 

'I'll(' ~heal'inp: t('st is made> by applying fOL'ce to a 2 by 2 inch lip 
pt'Oj('('ting fl'om the side of a, block.. (Fig. 5.) The shearing stress 
iH till' maxitllum forl'L' reqttired to shear off the projection divided by 
till' a !'l'a 0 f' til(' plane 0 f Tailttre. 

SIH':lring strellp:th pnralld to the grain iH a measure of the ability 
of timbpr to resist slippinp: of one part upon another along th(' grain. 
Shl'lll'itlp: ::-:tl'l'SS is pl'o(\u('e<1 in most uses of timber. It is most im
pOl-tant in beams. w\tt'I't' it is known as horizontal she>ar-the stress 
tending to ('all~{, till' ttpp('r hal f of the beam to H1i<1P upon the lower. 
It i:: ulso important in the desigH of variolls kinds of timber joints. 
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Only about one-eighth of the values ~iven in the table for green 
material (Table 4) should be used as allowable stress in horizontal 
shenr in beams. For small details. in timber unaffected by shakes 
or checks, the allowable stress may ue taken as 50 per cent greater. 

CuLUMN 2G, Tk:NBION PERl'Ei:'inrCl:LAR TO GRAIN 

The tension-perpendicl1lar-to-gmin tesb:l arC' made on specimens 2 
inches S<111u1'e und 21h inches long. the tension area being 1 by 2 
inches. The tension force is applied perpendicular to the ~rain. 
(Fig. G.) The values are of lIi'e in estimating the resistance of tim
ber to the splitting actions of bolts and other fastenings. A. factor 

of 5 should be applied 
to the values in Table 4 
to get the allowable 
stress 'for design; that is, 
one-fifth of the value..,> 
given in the table. 

COLlL\[:,(S 26 ANII 27 
H.\RDNES:; 

Hardness is tested bv 
measuring the loa it 
required to embed a 
OA44-inch ball to one
half its diameter in the 
wood. (Fig. 7.) Thi~ 
hardness test is applied 
to end, mdial, and tan
gential surfaces of the 
timber. There is 11 0 

significant difference be
tween radial and tan

a I , J 1!ential hardness a 11 d• 

hardness. The quality "epresented b~' the figures is important in 

'",:,.r"'!,, , 
l?lG('"RE ;'.-l)lll~rnllllllntk skt'tch of l1l!'tholl of condnct

~,If,.~f,~:~·.I,ltPllrllllf)l-to-~rllill te~t. with detail, of test 

they are averaged an<l 
tablllated as "I:'ide haI'(I
ness." End hardnes:o; i::; 
usually 1!reater than side 

woods for railroad ties, fUl'l1iture, flooring, and the like. 

PRECAUTIONS TO BE OBSERVED IK THE USE OF DATA 

The test results obtained in studying the properties of clear wood 
arc depencl('nt on til(' size and form of test specimens, the rate of 
loading. and other factors entering into methods of testing, and in 
.seasoll('d material oil the moisture content. Care should accordingly 
be used in att('lllptinf!' to compare the data with that from other 
sotn'cps in which a diflerent test procedure has been used. 

'l'hefigm'('s of Tables 2, 3. and 4 are primarily for the comparison 
of spC'ci(>s in tIl(' form of deal' lumbC'l·. For comparing structural 
timber::; in which the defects are limited with refet'ence to their effect 
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011 stl'l'ngth. the aUowable woddng strc:;ses presented in Table 19 are 
l'l'('Ollllll('IHled. 

VARIATION IN STRENGTH OF WOOD 

Yal'illbility is 11 characteristic of all materials, although there may 
be wide differences in its magnitude. The living tree is subjected to 
numerous influences that have a beadng on the wood produced, and 
it is not surprising as a result that even the clear wood is often re
gal'(led as a· variable pt·oduct. Tho influences acting on the tree 
j ndnde the amount of sunlight. type of soil, temperature, rainfall, 
heredity, and the like. Fortunately, the variations in the properties 
of wood usually bear a relation to the specitie gravity or density, and 

FrilellE G. --. IJ1:1 f.;rn III III 11 tic' Hk<'ldt of "'lOUIn; 7.-Din~rnl1lnl:llic sketch of method 
Jl1,-~tll0(1 of ("olldu('ting tCl[lsll)l\·pl·tOLlt'll of Cf)ll(]lll.~ting hanliwss h.'st 
llil·ui:Il'·tll·f.;rnin relit, with <ipt:tIiH of 
tt'J"It Sllel'inlCI\ 

in ,.Ollll' ca::;ps to physical ('hara('tpristics, sueh [IS proportion of sum
1ll('I' woud 01' rate of growth, so that in eases of importance, selection 
lllPthod:-; en 11 be used to secure wood of desired pt'Operties to meet 
an,\- :ri \'ell requirements. Ac;cordingly. the variability which is 
u:-ilmlly thought of as a liability ma.y actually become an asset, 
parti('lIlnrly inasmuch as a range in propcl'ties permits adaptation 
to It range of lI~es. 

In :-;tlldying the mechanical properties of wood, tests are made on 
mUll,\" specimens of a species. The most useful and convenient method 
of pn'H'nting these tpst results is in the form of average figllL'es, as 
i:< done in Tables 2, 3. and 4. At times, however. it is necessary to 
know ;;omething of the mnga in properties or of the variability of 
thl' l'l':<ttlt,... TnbIP;j affords a basis for estimating variability of 
any Spt'l'ie:; with respect to it..; di tferent properties. 
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TABUl G,-ApJl!'OarillHli" ti(llll'e,~ for 'vl/l'iation of p/'QJlel'ti(>,~ 'Ieith specific gI'Cll/if y: 
/'cliullilily of tZV(;,I'UUl'8, UII(/, probable deviat;fnl.'f Of ·individllal IflleciIlH.'II.'f fl'olll 
uvcr(/(I(',~ 


[I'or 1I~" wilh '1'IIhJe~ 2,3, nIH! ~J 


• 


Probnble:Approximate EstirnnwlvariatiOIlpower of probnbit'of presC'ntSI)('cilil' variatiunaverage!,'I'll"ity orull in-Property (wht..'I1 (romaccording: diviriuaiI [) trells)to whic'h Ili{,(,(l (rol11(roll1 trll~prOIl!'rl)' 1l\'C'rngl'SIH'cie<;vuritls for spccit·s
n\'f.~rn~o 

~- .- 
2 

---...---
Pa cent Pact'lllit-ipeeil1c gruvlty bn.'H.'t1 Oil VollllI1l' wlwn grn'u. 2.1 S 

Wt'i~ht per cubic ft)t)t I •.• 
:;hrinkn~c: I 

HallinI.- ... II 
trnl1~CJltial. JO 
\'oiulllelrit'. I I:! 

Shltie bending: 
Fiber SIn'&; aL "I".. ti,· limit .., !)l 16II,j 
l\lOlluhl~ of ruplun'__ _ 

MOliuhl~ or ~instidIY_. I{i
{iIi I:! 


Work to (·Insti" limit. " ••• ,
11 ,j 


Work LO maximum k1llL_ .4 (i ~3

It!~ 

Impact h"IHiiu~: 1 
~"ibt'r stress nt l'In.slip limit l' 13 
Work ltl eitL~li,·ltlllil __ Ii.4' 

'to 

I 

~ fi -... ........ _.. 
Height of drOlL _ .... _. 

~ 

I~ 
COIIIH"'ssioll puraH"i to, gr,lir,: ;~;j

I..uersln'55III (·lnsllcluuIL_. __ .. ___ ._ [) I~ 
l\ln:<imllnl('rushin~ stn'llgth. _.... ~ ______ _ 4 13 

<. 'olJlprcssioll pcrpeJltli<:ular to gnlil1--flhl'r stn.l:-;s at ('la~tlt lUlilt ru' G 2l;;,41Hnr(iru.\$S, claL.~4~~_"'.~_""'. 4 13- -Ii 
JlIlf(lu.~<;s. siri(· ....... _...... _ ._. 2~! '" ~ [} I.) 

Slwllring slr~ugth pllrtlH~1 to ~rtli·I_ .. P.,· 

'rcnsiol1 l:H!rp~udict11nr to entin. 2 ii
I 

1 Hc~ l'xplanut ion, p. 3.;. 

EXPLAXATW:\, OF TABLE 5 

Th(' Ii[!III'l's in Tabh· ;j an' pn';-l'ntl'(L as an aid H1Hl saft'frllanl to ~ 
tlw IISl' of datiL given in Tabll's ~. ;3: and 4 and are explained a~ 
JoUows: 

TI\l' (·xpllu1atlolt of the pl'opertic:-; [!in·n in e011l1l11l 1 of Table ;) 
i>; the same as that gin!ll Jot' Tables~, 3, and 4. 

( 'OT.l' ~(x 2 

Stud~' of data. has "llOwn that each of the ;,hl'inku[!e and stJ'etl,!!th 
Pl'opt'l'ti('s or (1- [!i VPIl spl'cit·s can b(\ e~til1latecl with fair a(,('lIrat'~' 
from the a.vcmge specific gm\rity: ~ince each "aries approximately 
according to some power of til(' specific gra"it.\'. This power i", 
given in column~. Howevcr~ thc slweilic-gra\'ity relationship to 
pl'opertics sholll(l hI' l'cganle(l a:-; n [!('Il('J'a I tn·nd, rather than a per
fe·etl.\' llnifol'lll law, a:-: 1110:-;t spl'('i('s llHmlly depaJ't fJ'om it in <me or 
moJ'c pJ'operti<'s . .A (h·pa.l'tlll·(, fJ'olll the [!l'lH>ral relatioll that applies 
to most 1;(I('('i('s IISII11 Ily i Ild i('at!'s SOllll' ('Xl'('pt iOIll! I ella metel'istic of 
It specie!", which llIay llIakp it paJ'ti('ulal'ly de1'irable j'or certain l1~l) 
J'l'q II i rClllell ts. 
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COLUMN ;{ 

The figurcs in column 3 are derived from the original data. on 
whieh the avemgcl:; given in Tables 2, 3, and 4 lire based, llS well as 
on ndditional data, by the use of the processes mmally cmployed to 
dl,t<,'rmiIH' the accuracy of experimental data. They arc not to be 
takl·n as too rigidly applieahle to these H\'erages (Tables 2, 3, and 4), 
but arc It conY('nient. approximate measure of the reliability of the 
It"('ragps. 

The probnblp variation of the species average as given in column 3 
is It lI1eaSUl'e of the reliability of the present a vel'ages and uf the 
pl'Obllblc change in these averages by additional tests. 

Cor.l'.\1 N 4 

Column ~~ presents an estimate of tlte probable variation of an 
individual pil'('(' from the aVl'rag'e for a species, Conver!>"ely, it may 
bf' uSl'd to l'stimate the proportion of material falling within an v 
pt'I'l'('nblg't' 0 r the avemge. To illustrate, consider the figure fo·r 
lIlodulus of rupture, 12 pel' cent. This means that there is 1 chance 
in 4: that thl' modulus of rupture of an individual specimen taken at 
random will iJl' bl'low 88 Pl't' ('ent of the species average, 1 chance 
in 4 that it will be aLoV(' 11:2 pel' ccnt, ancl2 chances in 4 that it will 
bl' lwtw('en "'H Hlld 11:2 pel' Cl'nt of this average, Or, it would be 
expedNI that about 50 per Cl'nt of the matel'ial would fall within 
:!:1~ per cent of the aVl'l'age ill modulus of ruptme. 

GENERAL DISCUSSION AND DEDUCTIONS 

The snmpling and testing of Alaska woods has not been extensive 
l'nough to alford as complete Illl apprnisal of the properties and 
I'illlge of properties as III ig'ht be dpsired, for it is known that appreci
abll' dill'pl.'el1tes in prop(,lties .mny ocetll' even in adjacent localities. 
In planning the stUll,\'. howl'ver, it was lle('essar,Y to keep the work 
within ('Prtain det-inite limitations. similar to those lls('d in the 
gl'lll'ral study of tlte properties of woods gl'OWll in the United 
Stall'S. It is felt that pl'opel'ly interpreted, the results arc a valn
aLll' (\Ieans of nppraislllg the properties and establishing design 
\'alllt·~, 

Tables 2 and 3 show a fairly close agreement in strength values 
obta i ncd for ('ertain species in .A.laska with those for lots of thl' 
:-alll(' spec-ies from other regions. Considering the aggregate of 
six of the most important strength properties, this similarity is 
l',-idpnt in the westerll hemlock from COrdOYlL, ..AJaska, compared 
with that from 'Yashinf..-ri:on and that from Oregon; in balsam 
poplar from Girdwood, Alaska, compared with the shipment from 
]{Pllllillg'ton County. Vt,; and in Sitka spruce from Gil'dwood and 
Kl't('hikan, AIH:-Im, compal'ed with the two shipments from Oregon. 

Of the yal'i()l1~ SPCel('S tested. only westerIl red cedar shows It 

dill'Pl'PlI('t' liS g'l'l.'at as 10 pel' ('ent in lIV('l'lIgc properties in favor of 
nny Rilipm('nt from other PIll'tS of the United States, In this case 
th(· mnt<'l'illl from Snohomish COllnty, 'Yash., "yuS about 10 pel' ('ent 
higlwl' in tlw 1l\'Cl'Hg'(' of se\'eral propelties than that from Ket('hi
knll. Alaska, At the ~al1le time the Alaskn. western red cedar :\vel'
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lwed higher by about '7 per cent than did that from Mis!::ioula 
OYllllty, Mont. The!::ie c1iffm'ellces may be due to chance in sampling, 
or at most, can be regarded us applicable to the particUlar and 
immediate sites from which the samples were taken, They should 
not necessarily be interpreted, however, as representing the relative 
stt'engths of this species in these respective general geographical 
regions. 

On the othm' hand, it may be noted that in six cases the a vel'llges 
of the l\Jaskll muterial, by localities, are 10 per cent or more higher 
in the principal sb'ength properties than certain individual shi p
ments ft'om other regions of the United States. These cases are 
fOltnd in Alaslm cedar, mountain hemlock, western hemlock, anel 
Sitka spruce. 

In considering the causes of variations in properties of wood, it 
lIIay fit'st be observed that there are lllany factors affecting tree 
growth, Immediate site factors, such as soil, soil moisture, and 
competition for light and food, are subject to large vat'iations within 
B11lall arens, and are further subject to large variations within the 
Ii Ee of the tree. Their effect, within the normal range of a species, 
is seemingly of ~reater importance than geographical location, as 
is shown by significant c1ifferenees in sb'ength propel'ties of samples 
of IL spC'cies hom adjaeent areas and from the inner and outer 
pOl,tions of the sallle tree and similarity in strength of samples 
from widely separated regions. 

1\. sp(>('ific example is noted in Sitka spruce. Tests show differ
enees between averages of samples from two localities in Ot'egon of 
J~ per cent in specific gravity and 20 per cent or more in modulus 
of rupture, which is several times the probable difference that would 
be expected com;idering- all Sitka spruce as belonging to the same 
populntion. In contmst, the average for samples of Sitka spruce 
{['Om near Ketchikan, Alaska, tested in a green condition, was iden
(ical in speci£-ic gr:1Yity with that of one of the!::ie groups of samples 
from near Portland, Oreg., and was within a few per cent in 
modulus of rupture. These and similar observations lead to the 
geneml conclusion that, in the absence of specific data concerning 
IIny g-iven lot of material, the general average of all material for the 
species is a more reliable estimate vf the strength properties than 
data 011 samples from adjacent localities or from sites that appear 
to be the same. This docs not mean, howe\,er, that there may not 
be differences apparent in the grade and quality of ,,:ood from dif
fercnt stnnds, such as prevalence of defects, seasomng character
i.stics, and the like, sutlicient in importance to justif-y marketing 
pre ferences. 

The whole problem of the effect of region, site, and conditions of 
stand on wood properties is an exceedingly complicated one, anel 
sullieient data are not available 1101' has sufli.cient study been made 
to nttempt a final appraisal. The data show quite conclusively that 
the mechanical properties of woods from the coastal forests of 
Alaska are fully the equal of those of the same spccies grown 
elsewhere. Moreover, the growth conditions appear to be favorable 
to til(' procluction of timber of g-oocl streng-th properties. 

The ayerng-e strength vitlues for the species given in Table 4, which 
are based on all comparable tests made at the Forest Products 
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Laboratory, arc" accordingly recommended lUi a basis for species ~()m
P!lI·i~OIl. Th('y Illay likewi!5e be used in wood design where the prop
{,Ities of clear Iluttt.'l'ial are required or as a basis for artiving at safe 
wOl'king sll't':-:~{'S for stnlCtural timbers. Comparisons with other 
species not listed in Table 4 may bt' made. by mellllS of Department, 
lJulietin 5tH,l (in i or if a le!5s technical discussion of simplified 
};tl'l'llgth prop{,L'ti{'s is c1e!5iL't'd the datn on Alaska woods combined 
with that of the same species from other regiolls will be found in 
Te<"illlical Blllletin HiS (iJ). 

'l'akell as !l wh01t', the information pre~ented in Tables 2] 3, and 
4 shows that the difl'('rent Alnska. species have a large ntn"e III prop
ertie!5 lind IIrc II vllilnble to fill many di verse demands in ~ddition to 
til(' pulp and papeL' possibilitie!5, whil'h oirel' the most significant 
out\t't Tot, Alaska woods. 

'rESTS OF Fl'LL-SIZED SA WED STRUCTURAL TIMBERS OF SITKA 
SPRUCE AND WESTERN HEMLOCK 0 

SELECTION OF lIIATERIAL 

SITKA SI'IIUCE 

Thl' Sitka spruce logs from which the structural timber test mate
rial was taken were cut in the Tongass National Forest, near Ketchi
Imn, nnd wcre from 300 to 400 years olel. Thc Io~s ,,:cre sawed nt 
Kl'tchiklln. Twenty 8 by 16 inch by 32-foot timuers, which were 
~(IIl'lot~'d by l'epre!5entllti vcs 0 f the !i'orcst Service, arrived at the 
fOl'lIIl'r Seattlc laboratory of the. Forcst Sen'ice shortly after manu
fat'tlll'e, ..AJtholigh some ot the pieces showell surtacc checkinO' when 
I'P('pi \'(·d, the material was still in an essentially um;casoned corfdition. 
On arrival ut Seattlc, -"Tash., the timbers were numbered and cut 
into 16-"foot lcngths, aftcr which they were graded in accordance 
with the cxport rules of the Pacific Lumber Inspcction Bureau by 
011(' of tiH'il' representatives. 

In ~el('('ting the 3~-foot stringers an effort was made to obtain 
Jlil'l'('~ that could elu:h be cut into two 16-foot lenl"rths of the same 
gmde, the objcct being t.o altcrnate the butt and top 16-foot pieces 
tor t<~~ts of grl'cn lind air-sensoned matcrial, the green portion to con
:-;ist ill equal parts of high and low density pieces of the same grades 
and the air-seasoned portion to be made up in the same way, thus 
obtaining as ncarly pel'feet matching of the two portions as possiblc. 
Howl'n'r. it WtlS illlpl'ncticnble to obtain the 32-foot stringers in 
l'xnetly the way desired, Lut a fte t' they were cut into 16-foot lengths 
and n·gradt'd, the grcen and sellsoned pieces, alternating butt and top, 
mntdH'd well £01' Loth gmde and density. Immediately after the 
material was regl'llcled tests were started on the stringers to be tested 
in the greeu ('oudition. The other half was stored under cover for air 
seasoning lind WCI'e tested after drying. 

'1"ESTEIlX lIEllLOCK 

TIll' wl'~h'I'n h('mlo('k IoU's fl'(lIl1 which the test material was taken 
W('!'l' ~lIt ill the Tongass National li'Ol'est: near Ketchikan. The test 

"'1'111' Ip"l!; ,,""r<' IlIll(l" hy (" W, ZillllllCl'Inlin nOlI n. Cllrtl~ Stin~llll, o( the (ormer Scuttle 
Inuunttuf,'" ()( th(· F01'~st ::i"I'"ic", 
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material, as in the cuse of the Sitka spruce, comprised. timbers 8 by 
16 inch!:'s by 32 feet, but consisted of two independent shipments. 

TIll' first shipment comprised 20 green stringers, which w('re re
ceived ill Seattle ilL July, 1922. They were promptly taken to the 
labomtory, and there cut into 16-foot lengths, marked. graded, and 
diyidl'd into two matched groups for tests of green and of seasoned 
material. 

The pieecs to be tested green were kept from seasoning by storing 
j n a bill unel covering with ·wet sawdust, a treatment being applied 
to n·tard molding. The pieces intended for nil' seasoning were open 
piled undl'r an open shed. They ·we1·e weighed monthly until time 
of tcst to c1eterlllino the rate of seasoning, and were allowed to air 
dry two yen.rs before testing. 

The sceonc1 shipment of western hemlock comprised nine green 
stringers, whieh werc received in Seattle, November, 1922. The sub
sequent procedure was similar to that just described for the first 
shipment. 

CHARACTER OF TESTS 

Thl' tcsb; on both Sitka sprucc and western hemlock were of two 
kinds; (1) Oil fuB-sized struetUl'al members, and (~) on small, clear 
1-'pecimens cut from them. The study of small, clear specimens was 
made to determine the strcngth of the wood free from defects as 
compared with the stl'llctural sizes containing defects. The proce
dure used corresponded to that of the American Society for Testing 
:Materials (4), except that on the small, clear specimens no hardness 
tests were made, 6 rather than 12 shear-parallel-to-grain specimens 
were testecl, and the compression-perpendicnlar-to-grain specimens 
wl.'re 2 tn' :2 by 8 inc-hes rather than 2 lry 2 by 6 inches. 

The tests 011 large pieces t'onsistec1 of' beneiing, compression parallel 
to grain, and compression perpendicular to grain; the minor tests on 
small, dear pieces t'onsistrcl of !itatic bending, compression parallel 
to ~rain, compression perpendicular to grain, and shear parallel to 
gram. 

TESTS OX LARGE rIECES 

lIENlJING 

The static bending tests were made on 8 by 16 inch by 16 foot 
bellms, using a 15-foot span and" third-point" loading, which con
sists of two symmetrical loads spaced one-third of the span. (PI. 9.) 
Six beams were tested with spans slightly less than 15 feet. 

CO~[PltESSIOX PAltALLEI. TO GILUN 

Two compression-parallcl-to-gmin specimens (5% by 5112 by 24 
inches) Wl'rr taken ft'om thr uninjured portion of each beam after 
the bending tcst. 

(,O.:l[PHESSIOX P~:JtI't;NllIcur..\R TO GIUIN 

OIl(' l'ompressioll-pc1'lwndieular-to-grain specimen (8 by 16 by 30 
inches) was obtained from each timber nfter the bending test. 
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Tests on sml1,1L, clenl' specimens cut. from the uninjured 1?ortion of 
tllP lurge beams, com;isted for each Leam of (j static benchng speci
IILCns (g by 2 by 30 inehes), G compl'e;;;;ion-parn,llel-to-grain specimen;; 
(~ by 2 by 8 inches), 3 cOlllpression-perpenclicLlh~r-to-gr!1in speci mens 
(2 by 2 by 8 inehes), and (j ;;hear-parallcl-to-grall1 specllnens (2 by 2 
by 2 V:J inches), The testing proeec1l1l'e confol'lned in most details 
to that of the Ameriean Society for Testing' Materials (:g), 

TEST RESULTS 

A. summal'y of the results of tests on the western hemlock and Sitka 
sprUl:{' stl'twt uml tilllbl'L's is presented in Table (j, The results for 
individual tilllbers will be found in the appendix, 

These datn arc ill genCl'al conformity with decludions which have 
been previollsly published (6', 14, 15, 16'), The results show that the 
strength of stwctuml timbers is dependent on the size and location 
of derect.s; that defects develop in large timbers with seasoning and 
thus tend to offset the gain in strength with loss of moisture; that 
knots sN'iously affect. the bending strength (modulus of rupture), 
and have little effect on stiffness (modulus of elnsticity) ; that indi
vidlmL timbCL's val'y in strength because of differences in density or 
dry weight of the wood; and that the test values nre related to safe 
wOl'killg stresses, the engineer's guide in all timber design work, 

• 
I 

, 
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TABLE 6.-A verage results of lesls on strltelurallimbers from Alaska and of small, clear specimens cut from them ~ 

I 	 Static bending 

t:j 

('ondit ion when ~'YJ1eOfSJleCimenr- --1--.-- 1---- ! i I: Horizon· a 
1-3 

Species l.\tois·:Speci· Flher 1I10dU'I!\fOdUIUS Work to ~ ". rross . Loading : ture' tic stress.Rt Ius of of elasti·: elus~ic lIHlXi- stress at 
lesletl 	 Work to Itul shear 

I eslS section Hplln 	 ~ 
con· Ig:R\" el.us~lc rupture city , limit mUlllioad maxi· ..... 
ten~. Ity limit I 	 o• 	 I IllUllllOnd :;. 

---,---,---,----,----,---_. l:'" 

Per Lb.,. prr Lb.,. per 1,000 Ib8'lln.-lbs. In.·lbs. td 
Sn. 1nc/les iTlches ccni 8q. ill. sq. in. per sq. in pacu. il1. pcrcu. ill. Pounds 

Western hemlock (irc~rL ~~_ HtrurturaL ~~) Ii hy 16 180 Third point. ... 41.0 o.-Ia :1,1"0 4,8S0 1,350 0.69 :l.5 330 
Do-- (10 ••. Smull, rlear 1.74 2 hy ~ 2S. ('entcL_ .. ~ __ ~ __ 43.3 .43 3,81iO 7,030 l,a4() .64 8.5 250 ~ 

Bit kn !'prll(,c "_ do .•• Structural _ 20 8 hy 111 ISO 'I'hird point. .. .. 34.2 .30 2,290 4,160 1,250 I .as 3.a 280 t:J 
00___ __ _do . __ _ Hmall, clear \III 2 hv 2 ~>s ("'entl!r"~_ ~ ___ .. . 37.2 2,440 5,300 1,2\)0 i .28 e.6 Iro 8.35 	 ..... 

"'estern hcmlrwk __ Air Sensom'd Structural. 29 8 b:,' 16 180 Third poin!. •••• 17.5 .44 3,940 5.750 1,520 I .05 2.9 ~90 ~Do_. _____ _ do_ .. Small. dear 174 2 by 2 28 Cenler •.•••• _._ 8.5 .46 8, -1-10 13,460 1,780 i 2.25 10.4 470 
Ritkl1 spruce _•. _ _ _rio •. __ Rtru(·lurnL. _ 20 8 hy 16 I 180 Third point•...• 17.3 .37 3,800 5, :110 1,400 .9U 2.9 3W l:> 

Do•• _.. _•• ___ • _ .,10 ••• - Smull, dear._ 120 2 by 2, 28 renter......... . 14.6 .3" / 5,129 8,<170 1,410 i 1.05 9.2 300 t:> 
C> 

Shearing strcn~th Jlnrallel to E:lCompression parallel to grain 	 grain-lC~~;~:iO~ .p~::endiCUlnr to groin 

(',,",Iilion whenSpecies Type of sperinwn 	 "erage.\ 
:n 

tested 	 1\la,i· Fiher ~ of radial1\IOistmJ !4pecifi" mum Tests 11IfoislureI Specific stress nt Moisture,!and tall I-tj
Te.<;IS 	 'restsconlem I gravity 	 crushing . content graYlty elastic contcnt I gential t-3

strength limit shear o 
hj 

Lb8. per Lb.,. per Lbs.1Jcr ::
J.Vo. Per cem 8q. ill. No. Per cent sq. in. No. Per ccnt I sq. in. o 

Western hemlock..•. _•.•.•• _ Green_•••.. _....•.1 StructUlal.••••..•• W 41.0 Qft 3,140 29 42.3 Qft 3GO ~ 
Do •••• _............... _. _....tlo ••.•..•.•••• Smull, clear•...••. 174 42.8 .ft 3,200 87 48.2 .45 400 163 79.7 710 
 o 

Sitku spruce._._••.••.• _•... __ ••• tlO_.• _••..• __ .! StructurAL•••..•_ :li :15.0 .$ 2,510 20 as. 7 .$ 180 
Do._................... _ .. _•.tlo •.•.•_.• _••• Smull, cleuL •.•.•. IH1 a5.8 .~ ., 1"..30 (iD 36.6 .~ 200 8

Western hemlock••••.••••• _. Air seasoned._._ .• StructuraL.••.•. _ 58 !l.7 .~ fi: 840 29 17.7 .« 580 ::::~~~: :::::~~~~r~::::~~~ 8 
142 U.~ I 1,130Do._••..••••_•....•••.•••.• _.do .• _...... ..• Small. cleur...... _ 174 8.2 .~ 8,500 87 8.5 .~ 740 q

Sitka spruce._........_.•• _....•••do .••__ ._. __ •• ,' StrueturaL.. __ ..• 3H 14.9 .n 4,560 18 15.1 440 
Do._•• _._ .••••..•.•••••••.•..do •. ___..•.•._ Smllll, cleaL .•.... 	 '-'-i07' ···-·i2~8· ·-·····8[,0 !::i 

1I8 1:1.4 	 .n 4,81i0 54 13.8 470 l:J 

;: 	
_....... ____ ___ .JIt.....____ .- -- ..-. 	 .-- ~...... -.....-.:.:

http:stress.Rt
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FOREST SERVICE METHOD OF TESTING TIMBERS OF STRUCTURAL SIZE. THE BEAM IS 8 BY 16 iNCHES IN CROSS SECTION 

AND IS BEING TESTED UNDER THIRD.POINT LOADING OVER A SPAN OF 15 FEET 
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The Sitka, sprll(,(,> timbers, which were cut froll1 relatively large 
tt-ees, were IlnifoL'lllly of hi~h gmde and in muny cases of entirely 
clear WOO(! 011 the exposed laces. It is obviously possible to sec-ure 
much high-grade strllctuml timbm' from Alaska-grown Sitka spruce, 
and this species should be vcry useful, particularly fot' local require
l1Il'nts. Considering the many desimble properties and charactm'
istics of the species, however, which make it so satisfactory for 
highcr-clas.q uses. slIch as airplane wing lJcams and lllusical-instru
ment sOllnding boards, it is hardly to be expected that Sitka spruce 
need enter competition with other species in the structuraHimbm' 

\ field. Its lack of natural decay resistnnce, furthermore, precludes 
its Wie for timbers to be used under conditions favorable to decay, 
('x('cpt when treated with creosote or other wood preservatives. 

'Vith western hemlock, the situation is quite the reverse. Only 
the largest western hemlock trees are big enough to furnish long 
timbet·s of the 8xlG-inch bridge-stringer size tested, and these are 
llIost nuturally outained from the butt cuts. The western hem
lock tiJlluers lis a whole were of much lower grade than the Sitka 
spI'uce, because of the pre\'ulent heart rot in the large overmuture 
trees, the many shakes and inclosed bllrk pockets in the butt tim
bers, and the numerous rotten knots. It appears, therefore, that 
while western hemlock has excellent strength properties, and tim
bers of high grade cun be seemed by proper sel('ction at the mill, 
the possibility of producing large-sized timbers of this species for 
l'Xpot·t is not eu('ouraging. On the other hand, there are many 
local Ilses where westl'l'n hemlock timbers may be admirably 
adapted, perlllLJJs to replace imported woods, and these data should 
furnish a sound basis and l'l1eoum/!ement for such utilization. This 
is, of cOllrse, aside from the usc of western hemlock for dimension, 
for lumber purposes, for material in the forlu of smail, clear stock, 
and fOt" pulpwood requin·ments. 

'. 
Safe working stresfies recommended by the Forest Products 

Laboratory for Aluslm-growll woods und other common woods fm' 
the American lumber standards grades of select and common are 
given in the appendix. 

Strudural grading rilles conforming to American lumber stand
ards nnd SIll'cifications for timuers for different uses requiring both 
treated and untreated material lutve been adopted and published 
by the AfIlet"icnn Society for Testing Materials (3) and the Ameri
("an Ihilwny EI1/!illcering Asso("iation (1). These specifications arp 
excellent from both the technical and practical engineering stand
point, and are recolllluended for use with structural timbers of 
Alaska species. 

TESTS OF FVLL-SlZED ROUND MINE TIMBERS OF ALASKA BIRCH, 
WESTERN HEMLOCK, SITKA SPRUCE, AND WHITE SPRUCE~ 

SELECTION OF MATERIAL 

The material for test consisted of 15 round props and 15 caps each 
of white spruce . .Alaska birch, Sitka spmce1 and w('stern hemlock. 

; The t~sts w..,r~ Illude hy C. W. ZllIIlllcrlllun, oC the forlller SCllttll' Inllorntory of the 
Forp~t Sel'\'iel,'. 

22:324°-:{1-4 
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Tho matcrial waH ~rown un the Chugach National li'Ol'(.'st nnd was 
representative of the markct run of tim her. The tinJbct,s wcre 
nOlllinully 5 to G inches ill top diamcter, thc pl'0pH w('re u f(let in 
length, lind the (,lipS 8 feel. 'l'lwy wel'c r(l('civt'd and t('stedill It 

green conditioll lit the forll1('1' Seattle lalJorntol'y () f thl' Fon'Ht 
SCl'yjee. 

CIIARACTER OF TESTS 

'['he I'lethod of testing' was identiC'lll to the pl'oC't'(luI'e tiesl'l'iul·(l 
IIl1d ilLustl'llteu in Depllltment Bulletin 77 (i7). 

Thl~ u-foot PI'OPH wcn~ teHted ill ('OIll1H'l'HHion pamlll'l to till' ~I':l i II, 
the cll'Hecllt of the m()vllbl(~ head of the t('stillg' IlHlChillC' Iwing 0, L~ 
inch pl~l' minute, The C011lprl'HHion of th(~ PI'Op waH 11IeaHI11.'ed \Jc
tw,el'~llll thl'rnlOvable teHtin~ lIIacl lil,lC Illl'adL,und the w~:.ihf~hing pllltf01:U I. 

\(' 8- 'oot ea pH werl' t('HiP! l In lpn( Ing 011 It /- oot Hpllll Wlt II 
thil'd-point loading, The miL', of Ul'HCcnt of' the nlovablp head of 
the tt'Hting' lIIu('hilll' waH 0,2;\ inch pel' minute, Dellectiol1H were 
taken ut the centeL' of the Hpeci11lcn, 

TEST UESULTS 

Tllul(' 7 pl'esC'nts 11, SUlllmal'Y of the r('suits or compressi.on tests 
of mill(' props of four .A.laska woods, to~dher with similar datu Oil 

It I1111l1her of specit,s f)'()111 Colorado, Tahle \) presents like info1'1lla
tioll with l'eslH'et to tht, uC'n<iing tNlts of millC' ('apH, The tpst \'alu('s 
for indiviclu:tl timbers 1'1'0111 Alnska :U'C' gin~1I ill the app('nciix, The 
data nn woods from Colorado an' taken frolll Dppartment Bulletin 
77 (5), 

't'AIILI-: 7.-AI:/l1'/lIIC 1'('_~lIlt_~ Of l'rll.,vhill{f f('_~/_~ of 1I/'I'('1L rOIIllI1. 1IIill(, II"Ofl-~ from. 
.1111_~h'(/. (-Olll/llll'(-d 'u:!ith tllo_~(' {'/'In//. (It/WI' 1'l'llio-lI.5 

(~OIuln:ll silt', [)·irH'h tOl' tli:uucter by Gfeet long) 

t ~I .. 1Appro,i
'Prees'" OIS~ rnnto dry

Plat'1.' or /.!rowth of materinl tost.. t,uro wei$.tht. 
U,sled ~d (~m~ (\'olume 

lenl os LUstod) 

1.VIt"'- Per LII •. pr.r Num.. P(r Prr 
/lrr ernl cu.!l. br.r Cflll ani 

,. .. ~ ~ ~-AI"slm hlrrh •••. Chll~n('ll N:llhmul Fdr(\....I{l, 1ft ()S.·I a2. 7 
~ ~ ...d ~4 

,\Ia~kll, 
Western heIllIQ('k •• .do< .. lfi r,'i. I 31.\1 ·10 , 
Sitk" SprUL'Il_ du. 15 W.1l 2'J. II 40 
WhltllSPrlK'Il .do lfi 8:1.7 25.:1 :1:\ 
Alplnollr..... . Colorn<lo. II UI.O 21.·1 .~; 15 

))OUghL~ IIr (mounl"ill tYlltl) .do 10 flO. fj 27.5 \J Zi 1 :17 
IJri~t.I"(·QIW pine .do._~: __ 10 S!i.U 27.7 ~5 ~~l ! ·111 
Lotl~el.)lo pille, <10 10 'j5~ 7 2:1.8 40 IS t·1 

Do •. Boulder- ('OllllL~:, i ·olt1. .. 10 70.S ?.!.H ·1:1 III ·IH 
Western yellow I'lno .• Piko ,,"tionnl Forest, ('010 IU 90.1 ZI.2 J.l 15 

Du • Ollllllisoll NntlOlltll .Forest, I
('010 .•. _•• ________________ IS 10'..10 82.0 24.S 

3~ III ~-..~nt!elnHU1n ~pnl(" ~ ~ - .. Plko NnL!olllll FonlSl, ('010 II 62. a 24. I .. 

' .. -~,-----+. 
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t.L'AUI.~; 7.-zLI'CI"II!Ji.1 rell/lll,~ o{ CI'/I<Yhill!J /1'11111 of f/rcclt rO/lllcl mille Jlro[J.~ {rol/l. 
A {t/lllm ('oll/[Jc/rec{, 'It:itl~ tllO.W {roln othcr re!lions-Colltillued 

_,-" , 'I' . Diumeter Cr~lh c~ush'Il\£Odll' 
Species ,1PhII'll of I:ro,,"1 h of nmtcrlal , Il~~s strengt.!, st;"~rgth Ius of 

tested f cd i, lit 1l1llXl· lit ClnSliel' cil!5t!c.I 	 i TOil I BUlt mum limit Ity 
iii ' 10lltl 

----I 	 ------- -1-1: 	 :N,t/II· , Lb•• prr LflS. 1ur 'f ,()()I) lb•• 
i b<r Ins. IIlls. sq. ill. .q. ill. 1Jer .q.i7l • 

•\llIskn blrch_____ • __ ,., ('hllguch Nlltiollul Forest, j W 5.76 0.15 2,870 2,:!50 1,352
I ,\IIISkll. " I 

"Western Iwmlock.. " i "",llI" ____ ,,,., ........1 15 i 5,);(116.36 :r,OOO 2,230 1,22-1 

Silkasprul'l, 	 " ",.dn... " " ... ,,,... 15 I 4.!!4 5.S1 2,41iO 1,6'1 1,040 
\\rhito~pru(,~ .. ,,~ 	 .t ...d(L_ .. __ ~_._~_~~ ... __ ~ __ , J515.IH 6. W 2,620 ~,Z{{) l,?.!9 
AlllilllI IIr " 	 ,I Colur:ldo.. ... '"," U f .1. 00 5.65 1,920 1,4UO 541 
D"ugl:ls fir (moulltlliu typo) i .tln... ' 10 I 5. 4~ I 0.05 2,580 2,130 758 
BrlsllN'oll(' pillo ,.tlll.... .. 10 : 4. r" '15, 3S 1,000 I, :llO roO.'! 
Lod.l'1I01" pille. ,I", ,clo .. ". ,,, __ ' '"'' 10 r..73 0, 18 1,84KI 1,400 WII 

no ."." 'I Boulder C'oulILy, ('010.__ 10 5.00 6,5S 1,600 1,240 4\16 
Wl's'l~m yellow pluo.__ '>. I'lko 1'{:1 t 101111 I Forest,CoIQ.' 10 4.44 5,20 1,470 I, ~'O() 443 

>,1)0 ........... , ....... Ol1nnl~nn Nnlioll:11 h'or· III 5.35 0.00 1,040 1,450 [,61 


I cst, ('010, 
1':u!(Olnl1l1l1,sprul'tJ__ ....... _. Pike Nntlonal Forest, 11 ·1.955,80 1,750 l,ann 520i Colo, 

It ilia,)' b(' SPl'1l fl'OlI1 Tablt, 7 thai. DOIl~las fir s uvern~et1 the 
stl'ongest of the six species ll'OlI1 Colorndo, 1Vith the exception of 
Sitka spt'U(,l', howl'\'cr, each of the Ala~·;Im species tested averaged 
hight't, than Douglas fit' (Hocky :Mountaill type) in (,rushing strength. 
'I'll(' Sitka Spl'Uel', altholl~h a Little below the Douglmi fir, withstood 
gl'put{'r an'l'age unit crw;hing sh'es» than any of the other Rocky 
MOHllta i n Sl)(>cil's in this sel'ie» of test:;, 1Yestern larch, which is 
hight'l' in :;[rl'lIgth thall Douglas fir (Hoeky MOllntain type) and i:; 
IIs('d as a IIlilH' tiJlJIJl'r ill thl' Hock" :Moulltain r{'ginn, was not hl
du<il'd ill the"p tl'sis of minc props (;r mille caps, 

'l'abll' H. in whieh the maximum ('rushin!! stl'cngth of the gl'cell 
mill(' prop:; is ~i \'l'1I as a pel'celltagt' 0f DOl;~las fir 'from the Rocky 
:\foulltain:;, may bt'ttcr Sl~I've to 1)I'i n~ out thesl' comparisons, Values 
based Oil standard (('sts of :;IIHlIl, clear specillll'n:; are ah;o given for 
till' sallle sl)('cieR in a gl'el'll condition. 

'1',\lILE H,-J[Cl.:ni'/nI/II/, c'/'/IlJhin!l :;/n:lIolli. Of tn'cell mille props 1/11(1. sllUlll, clem' 
SllCcillll'lIN of ,AhI8kl/. ClI/(1. Rock/l .1[ouIIIClin .~II('cic8 

[Douglas tlr ('QlIsldcrcd as [(Xl per celltl 

l\[aximum crushing 
strength 

Source llnd species 
. Small, clear 1\ specimens, I IDe props 

Alaskll: 	 Per cent Per cent,
Alaskn while birch. 	 __ • __ ,.! 111 101 
Western hemlock . 	 .. ..... _ ... . 119 101 
8itknsprucc~~ ....... ~ "~. P .. * ... - .... ~.~ ...... ~ .. " .... -l 95 92 


noc~ib.tt[~~;t~:f~s:-"······' ......................- .......-.., 102 91 


Douglas tlr .......... ' ... 	 •....... __ ...........__ 100 100 

74 69~~r;B~c~~i;pjiie::::·::·::: ' . :: ' :':::.::,: :'::.':::::':::::j 64 ._._._____ __ 

Lodgepole pine .. . .. ., ....... , .'. ' .'''' __ 1' 67 87 

Western yellow pille .... . . . . ..... .. ..... __ • 66 79Engelmann spruco .• _._•• _____ •__ .....____.'" __ .....__ •_______ •______ ._._. 68 66 

8 Douglns til' from Colorado is classed II~ belonging to the Rocky l\Iountaln tYlle, which 
lIverages iowe!" In strength than that from tbe Puclllc Northwest. Comparison of AlaRka 
specles I.s made wltb species from ColoradO because no data on mine tia:bers are available 
for materlul trom tbe Puclilc Nortbwest. 
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Table 8 shows thut the ..Alaska white birch, western hemlock, 
Sitka spruce, unci white spruce from .Alaska compared favorably 
with somc of thc specie;; commonly lIsed 'for mine props ill the 
nocky Mountuin region. 

lfronl Table 9 it mny be observed that Douglns fit· leads the other 
Rocky Mountain species ill bending strength tests of mine caps. 
Each of t.i1e Alaska specie;; tested with til(' l'xepption of white spruce 
llvemgcd higiler than thl' Douglas fir (Roeky Mountain type) in 
modnlll!; of I"llptuI'e, and the whitl' spI'uee averaged highet· tlllln the 
other Rocky Mountain woods. 

~'AlIl.~) I),-Llt'(frctl/I.' rc.wlt •., ot /Ielldill!! 1('.~18 ut 111"('('/1. /'rm/l.t/, lIIill(' e(/Jl,~ trom 
dlcl.'lkrl cum/JllrccL 'Pith thu,~(' from other rel/iolls 

();Olllilltll sll,e, 5-lneh top diameter by S root long; span i root; third·point 10a(Un!;) 

I I \ . ; " I'Moi "ppro,,·,
'l' \. s, maIO dr~' , Rings I Sum·, '" 1'1:1('0 or J;rowlh or material r:ro-'. turo! weight l per mer i ~:'rItested tc.tcd, COll· , (volumo • iueh wood 1 .,oodItent !,'S tested), I 

I --.--------I 1/11.
1 

Per .~~-:;:;: sILII.J;:-l~
X1 

brr, \ ~:n! ctt)l.. I her cwl 1cwl 
Alaskll birch ••••••• _, ,C'hugll('/\ ;-;lItionnl Forest,I lu I", I 31..1 .------ .... -- ......

Aluskll. 

Western hellllock __ .. . i .do~... .\ 
 15 5", Il 3:1. ,I, &1 ______ ,... __ • 

Sitka spruce .. __ ..... . 15 ~5." 2U. S 46 j


I" .do.... " I" I ;,1. 4 , as :=::::C:::Whlt() Sl'ruce.....__ , .. , .do.... 2.1.2 
Alpino fir.......... .. .j ('olorndo•.. \I \l'J.ii 19.0, 21 I Ifl 

DoughlS fir (mounttlln t~·J1~). : .... do .. .. 10 t~9• . \ ~O. 5 i 27 22 

Bristlecone t}in~~ .... ~ - ~ \ .• _do ........... ~ 10 iel 27.5 !li H . 

l.odgepolo pine .... __ ., .. ' .do..... .. ...... . 10 S9~3 Z1.tl ·;a HI 


Do.......... . ! lIoulder ('oullty. ('010. . .. . 10 W.6 2:l.S , 
< 

4:1 I;; 

Western yeUow pine.. . Pike );alionnl ~'oresl, ('010. 10 85.5 2\),9 : 13 ].I 


DQ.............. . aunnison Xationnl l.... orest, 10 tH.l 22,~ I 26 Ii j'--'"

('010, 


Engelmann spnIL'C•.... Pike );ational Forest, ('01"", tl &1.3 2-1.0 i 30 20 1'"''
I 
I })jameter I Fiber EtilT· 

I'hll~\ or growth or mate· Trees , MOdUIUS·stress lit Ca~-;So~
rilll tested tested I or niP' 1 elastic P 

_________.1 ___' Top \ nUll ~Llilllit ~ _ 

-I Slim.: j Lb•• pcr ILb." per Ii 
/,er [IIche..lnche& ~q. ill, sq. ill, 

'\JasiGl hirch____......... 'Chugnch ;-;ntional F"rest, 15 5. iO I 6,:!'2 S,640 4,130 171.1 

Alaskn. I

Western hNr.'ock .................do .....________....... 15 5.8S 6, -17 8,500 ·1,010 137.1 


~~I~i~es~~~l~~.;::::::=:::··:::·,::::n~::=::::::::::=:=:::: l~ U~ II g:M ~:g~ ~:rul g&g
Alpine fir, ......... .,. ..' ('alarmlo..____________.... 9·1. 65 5,72 .J, 140 2.450 70, a 

I)ou~hls fir (mountnin type), :. ....dO..c_______..__• __••· 10 ,I. is 'I' 5, fIG G, ,~70 I a, ,IW 85,2 

Bristlecone pin" ........ , ..! ..... <lo __ .............__ ••. to ,I.e,:.! 5,62 ,I,5S0 2,4W t~;'6 

Lod~epolcpine.-- .............l.....do.................... 10 5.59! 1;'20 5,170 3,100 lO8.U 


Do.... " ................ Boulder Counl;-, Colo.... 10 5,78 I 0.·15 4,770 2,71>0 86.0 

W~tem yellow pine .......... Pike );ntionul .Forest, 10 4.39 I 5.W ·1,330 2,170 i4.5 


Colo, I 

Do________..... Gunnison ;-;ationnl .For· 10 :,' '.1.-12,15"15 4,000 2,800 72.6 

esl. ('010. . 
EngelnuullI Sprul'C . Pi~~IO.);ationul .Forest, 11 . 0.11t : 6"10 5,310 2, ilO 95.0 t 

,.--,._,-
lOwing to the tapcr or round mine cups. n stitTne.'5. factor luIS becnused instead or modulus or elnsticity· 


tn this rnclor P equals tll(llotul load ill pounds, I equals tho moment or inertia, and d equilis tho deflection 

in inches at th~ center of tho SplW. 
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1\. comparison of the 1ll0dlllll~ of rupwrc of the green mine ca'ps 
Ilnd of smull clear specimens in a green condition is presented lfi 
'rabin 10 for the Alaska aud ROl!ky l\Iountnin species. 

~'Am,FJ lO.-MollllllI.~ of 1'lIplllrc of f,r('('1/. m·ill(, e(/I)·~ (llId of .wllIll ('[cllr .~pccimclI.'l 
in !l t/rcon COllllition, .lll(/sklt (lllll Rocky .JIOu.ntain Ifpccic.~ 

I 1\(O<lUIU5 of rupturo 

1Mine CliPS Smnll, clellr 
I specimens 

Alnskn: Per cent J~er cent 
AhL~kn while blr~h l:l2 III 
Westeru hemlock .1 

I 
I~~J 95 

SILk" spruce .••.. 108 01 
Whit" spruco .. 97 89 

Hooky,\lounlllins: 
J)out(hL~ fir .••. UK) 100:I 
.\ Ipille IIr." . . 03 09 
llrlsl.lcconll pine 70 •••_____•••• 
Lod!(cpole pl,lI'. 7tl 86 
Western yello\\' plno. 70 78 
Rngclmunn spruce ... 81 mlI 
The A11II;l\:n. woods did not show so h ig-h ratios Oil til(' hasis of the 

small, eiear spel'imens al'; whpn ('ol1lplIl'ed by IIlPllns of the results of 
tests on minp C!LpS. IIowl'v('t·, ('ven on the busis of the sma.ll, clellr 
spl'{'imem;, thl' Alaska. white bireh aver:nged highel' in bending 
streng-th than the Roeky Mountain Douglns fir, und the other Alaska 
species lish'd ('x('('cded the Rocky Mountain alpine fir, lodgepole pine, 
western yellow pillC, and Engelmllllll sprucc in modulus of rupture. 

CONCLUSIONS 

The ('oneiusions from the study of mille props and caps arc thllt 
tho fOUl' Alaska. woods tested IU'(' on thn whole about as high as Ol' 

higher in strength than Douglas fir from the Rocky Mountains, and 
lire superior in strength to the other cOlllmon Rocky:Mountain species 
uspd for mine timbers on which data. are presented. 

'rhe datlt given for mine timbe-l's are for material free from deca.y. 
It is, of cOlll'se,recognizecl that decay is one of the principal factorst 
to be cOllsidered in the lise of timbers in mines, The heartwood of 
the 111OI'e detll,Y-resistant speeies, or preservative treatment, lIlay be 
resCH'ted to when longel' Ii fe than that ordilllLrily to be expected is 
desired (11), 

The milll' timbl'rs te!->icd, of course, contained some defects, but it 
was not feasible in t('sting to obtain a record in such It way as to 
attempt to tlllw dpfeets into account in comparing the species. For 
this reaSOIl, and the fact that there is It considel'llble range in the 
density of the clear wood of any speci(ls, it is lIot to be expected 
that the- eXllet pel'cl'ntages shown would be duplicated in additional 
tests. The figures from the mine-timber tests, therefore, should not 
be taken too literally in cOIH;idel'ing the relative strength of the 
l'iI)('cies. III fact, the datu, from the tests of snHLll, clenr specimens 
willllffOl'd 1\ SOIll{'Witllt elosl'r nppl.'llisal of the relative spec it's values 
for mill(' IHlI'POSl'S thall the results of the mine-timber tests them
selves, Ilit 10ugh the mine·timuer tests are essential lor arriving at 
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design sLI'esses, Lt is e\'ident (rom tlil'Sl' dutu, that Alaska woods cun 
be used Lo ad vantage for mi 11('. [)lIl'POSt's. 

SUMMARY 

TIll' Ala!:ika, (on'sis are of two distinet kinds. The rOt'ests of the 
interiol', covcring IIpp!'Oximatdy 50,OlJO.O()(J aeres, arc of tllH wood
land type, very Hlo\\' in gt'owlh ami light ill stand. It is unlikely 
that IIlII<:h of tht' interior tilllUl'I' willl'vl'r reach the gcnenLI madwt, 
but it hilS a high potL~ntilll \'ldlll' for loea!. usc in the dllvclopmcnt oj' 
tilt' luining lLIIt! agl'il'ultural reSOUI'('es 0 f the \'a;;t regioll over whi('\t it: 
grows. On tIll' other hand, till' ('oastaL (on'sts cO\'cring 21,347,000 
acres () f southeI'll and southeaHtl'I'n Ala,.;lm, comprised princi paLly in 
tIl(' Chuga('h alld Tongass N'ntion:d Forests, [u'e of great importance 
l'omIl\Pl'l'illlly. Tlw)' un' 0 f luxlIri:Lll t growth and Illay bc rcgardcd ~ 
as an t'xtension of thc coastal fort'sLs of Oregon, WTmihington, and 
l{ritish Co!unlbi:t. Thes(~ natioIlal fOl'cstS are under the aciministl'll-i 
Lion of the Forest: ~et'\'icl', and are l'stimated to contain 84,..i'6(j,000,OOO 
feet, board measure, of sa w tilllbt'r. 

Tlw anlllHll ('lit of the two t?oastaL forests, which amounted to ~ 
l~7,·Hi~,()OO board [Cl't in IH:W, I'cpI'Pf:ents but It small [mction of the 
cstilllail'd annllal sllstained. yield for pulpwood pllI'pOSCS. '1'lw sale 
of tilllb('J' bv the FOl'est fier\'iC'(' OIl It sllstained-yield basis offers 
till' nSSllrlllll';'; of a ('ontinuolls supply and IwrBlalll'rit loeal industries, 

The data [JI'psl'llted frolll t(lsts of small, (,leal' specimells pcrmit ~ 
('olllpal'isOIl of' till' 1lll'e1mnical prolll'rties of Alaska sl)('cil's with 
a lar'l!e IIl1mbel' of <lthc. woods, 'I'll(' ['('SllltS show that Alaska woods 
are fully equal ill stl'ength to the sa II ll' SP(lCil'S gr'owll elsewhcl'c in 
the United States, 

'1'11(' tests OIl lal'l!t' sawn tillllwl's ('olltainillg c1deets show that. west
PI'Il hemlock, Hi tka spt'u('e, and otlH'I' Alaslm species lllay b(' uscd 
sutisfactorily aH stnll'lllral timbers whl'n pr'operly graded. Likewi:5c, 
till' tests of round mille timbers show that Alaska white bil'('h, west
erll lH'll1!ock, white SPI'IICC, an<l Hitlm Spt'UCC eomparc vcry favorably I 
ill str'('lll!th w.ith the best of the Rm·ky ~lonntuin softwoods, and ex
('eN! in strength most of the spccies locally available in the Rocky ~ 
Mountain region 1'01' mine timbers. 

Lal'ge at'cns suitable mainly for timbcr production, a present forest 
utilization of but n fraction of the actual and potential annual • 
g'l'Owth. II variety of species with a large rangl' ill properties, un , 
abundance of wat(,I' power and timbeI' re~ollrccs whieh al'e favorable 
to pulpwood dl'veLoplIl('llt-these considerations presage for Alaska 
an increasing economic forest development. 
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APPENDIX 

DETAILED RESULTS OF S'I'HUC'l'URAL TIMBEH TESTS 

'I:ullics 11 101,1 PI:('sl'lIl til(> \'l"sIIItS of: It's!s (or (111I'h of tht' illdh-i!llllli w,'slern 
h(llIlloCk und Hillin sl'I'1U',' stl'lIell\L'ui timb!'l's studi,"\. 

'l'lll' .II1o<lllllls of I'lIptUI'l' or lhl' POOI'l'st sll'llclllral timiJlll's lIl(ll'till~ th(l reqllire
lIl"lIt of lillY stl'llctuI'll i /.:I'IiIiP should ht" uhollt thn'(' I iull's till' nllowuhic Illwl: 
Stl'l'SH In hNl!lill~, 'l'hls l'cquirl'lIll'lIt is baspd 011 a fHewl' of llilw-sixtecnths to 
kp('1l til(' stn"ss within tlH' l'illstic lilliit fIll' l<)n~-COlltinlll'(L 10Ullill!-:, 11Iul II flletol' 
01' thn'l'-lifths, so thut- thl'('(1 lillles thp IIllo\\'ahle lillI'\' strpss ill IWII(lillt! I'l!pr('
SPlitS 1111 lIetlllll rUtlOI' of sufdy of ())Il' nrul I wo-thirds for Il timlwl' 011 till' hOl'dl'1' 
lill(' of tilt' !;I'IHlp, 'enhlt's la 111111 17 show Ihat thl' Hitim Spl'lICI' tilIlilm' (~o_ 
20) with thl' low('st llIodlllllS Ill' 1'11111111'1' (2,700 p(lII1Hli; PI'I' SCllIlll'l~ illch) 1; il\l II III 
I'l' II. CIIIl hl'CIIIIS!' of St'Yl'I'P ,'ross :':l'lIill_ 'I'lw IJOO('('sl: uec'eplnbll' piecl' (No. l!). 
1111<11'\' til(' rl'/llIin'IlIPH!.s of: th,.' AIIlt"I'icHn hUIIl!l'1' slllll!lllrds /.:l'IIde of ~ch'ct, 
whieh (Wl'IlIits (h"l't'l'Is thlll I'!'liu,'p thl' strl'll/.:th by oIlP-foll)'th, hns II modllius 
of I'II(1lll),1' 01' :~,;>':IO JlClIUIII" 11('1' sqtllll't' inch, TIll' Sll fl' II'O)'kill!; Htrl'S"l's, UH ~i\'clI 
ill th,' U(llll'lHlix, 1I)'l'~1'1l1 1111 IIII0WIIIII,' Ilhl'l' :-;t)'('"" ill h(,llllill~ fot' the Helt'ct gnuIc 
of Hitl", HIlI'tlee \\'111'11 Ils,lcI IIIHIt'I' ('lllllilltlOIl:-;(," Ilry ('olillition:-; of 1,100 JlolIIHIs 
Pl'l' squlIl'l' ill('h, wlli(lh hl'ill~s til(' lIoo),l',;t IIl'l'l'pfuhll' timher (No, 1\)) ju:;t: with ill 
thp Ihl'Pl'·tO-Ullc limit t'CiLlliullHhill u(;ceLltulJlc lJctwccu leHt ,'uLul':; 1111(1 worl,iug 
stress, 

• 


• 
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T.-I.BLE ll-D'!lailed dala on the illditidual structural timbers of green western hemlock [rom Alaska and of small, clear specimens cut from c" 
0:.them 

..,
Compression per· 	 t=:, Comprrssiou pnrall~J ShcnringstrengthStntlt· bcnding 	 "('ndi~uJllr 10 oto grain 	 parallel to graingrain 	 rrl,~"I Type of specimen I ActunJ .cross· : Span " . I I j. I i I ---1- -!.~.... - , Z 

m('n 	
~ 

Xo. SCCtlOIl i ~[ois. Spe- Flbcr ..~ ~[O(Ju. Work!" ork lJorizon· Mois.l Spe- i ~[lUi· ~rois·. Spe- Fibcr ~Iois·· .·\xcrage ;;-
") 

!Ure c:ific
(.. 

stress
at 

.•
Ius of 
lodu· Ius of to' 

~ I ma:(l- [ strc.ss 
to. I Inl shear

at 
tun-! ~ific 

. j 
I. mum 

., 
ture I cifle ,stress

fit 
ture O[ nldi:!1 ~ 

can: g~.I\· chstic rupture' el~slll'- cl:1S~lc mum 't1l',imum ~on· !sra,.crushtng can· s~\"! clastic COil· nnd t!ln· 
IO'id 

~ __I . __, ten~.I~ .:~:~~.____ ~ty j ImllL 10'ltl ,c ~I~. ,:"sth .::. ~!~~ -=~l~ 
(" 
("

j 	 1,orKi In.·lh,.. In.·fha.'I 	 It! 
~ 

I Per ,Lbs. per Lb••. pen/b". 1'« per per I.b•. per Per : Lbs. per Prr :Lb •. wr Ptr . Lh,. per ~ 
• I1Inches Inche.,: fnches, .cent lSI/..ill. sq. i7l. sq. ,in. : CII. izt. CII: i~~. sq. in.. ~tnt,...· 01[. i7l. I cen!, ! .q. in./ Clnt '1[. in. ZStructlllUL___ ..... K13 16.44. ISO 134..10.300 3,300 <>.3-10 1,3CA~: 0.• 6 n.23!' 365 33.S0.~"5 .,~OO, 33./0.401. 3~ ••• ,." 

~ 

Small, deM........ 2.00 2.00 ..._.... ' 45.3 .402 3.·125 ~,U,';5 1.22'. .&1 ·1.51 211\.. ..I..... 2,h~ I 62.0 .426' 41-3 Hl1.6 6'~ t::. 
'2 StructuraL____..... '.08116.3~ I 180 ·17.0 .~GO 3,240 5.160 1,31:' .•3: 0.55 3~9 42.8!.3,'i1 3,WI 51.2 .3U2 2H2 1<:

-i'>6{ 
13 StrtH'tumL""""1 8.16 10.36 i lbil 42.5 .42:; 4,2(;(J 1.0.. 1.49' 3. ·17 .... __ ... 54. 5 .449 2.015 43. S .413 J 3GO 

':;m~lI. (·lenL ........ 2.00 2.00 i.._.... 37.2 .·131 3,9'J5 6.lli2 1.-I7R .61 7.4' 21.1' 40.5 .-111, 3,342 3'l.0 .-I3S! 3;2 55.4 770 
I4 Strnctulfil.•• _...... : 7.82 16.10 180 37.0 .433 3,5.~0 5,500 1,652 .75 3,·10 j 371 I 35.1 .42:1j 3,510 39.6 .417 275 

Small, c1enr - ..- ....1 2.00 2.00 43.5 .3.6 3.007 O. s6~ 1,420 .51 10.2:1 I 245, 38.7 I .351 i 3,0.)7 -11.2 .39il 2.2 f2.1 fili 
15 StructuraL_........ 8.0.1 10.17 180 46.3 .-ISO 3,980 0,!J.1O 1.032 .&~ 0.[·7 4-15: 40.2 1 .447j 3,730 52.5 .4·\a 2.>;3 

x. 
Smnll, rlenr ..__ ••• .! 2.00 2.00 51.3 .460 4,21)0 S.3:!:! 1.2<:0 .SO 14.00 301' 51.6; .4G-1 3.6OS 52.0 .461 477 (O.H 'II 

Small, dear.•_.... .! 2.GO 2.00 , ....... 4;.0 .3h6 3,(~,r. a.v.. I,MtI ,[". 5.~O I 215 40.S .3,,0 2,'>73 40.5 .4(H 1 244 1kS. I • 


o16 	 StructuraL....__ .. 8.35 16.33 180 43.9 .381 2,030 4.230 1,106 .67 2.CA~ 2S6 41.0: .aus 2,h05 41.5 .~03 41; 

Small,cleaL. ______ 2.00 2.00 ____ ... 35.7 .368 a,OIO 5,305 1,121 .46 4.071 104 44,0 1 .351 2.600 30.1 .300 2.'i51 M.I. 600 
 ," 

7 	 StructuraL._.___ ._ 8.34 16.161 180 30.7 .415 3,500 5,!J.l0 1.4bO .79 i.oo 37';: 40.2['. 3n7 3, :1l5 42. 0 • -1OS 319 ..... 
Sm~ll, clenr ._______ 2. CO 2. 0.0 __ • __ .. 37.6 .419 3,833 7.177 .1. [.20 .54 10.921 259: 3 •. 9 .405! 3,200 34. E .389 2.51.. 6\1.0 716 ~ 

1 8 	 StructuraL___ .____ 8. as Hi. 23 ISO 47.2 .444 1 3, ·120 5.860 1. '13 .70 5. so 39·1 ~3. 5 .433 3.400;;2. 3 .448 288 ____ .. ~ 

Small, deaL.__.___ 2.00 2. CO _...... 47. S .4Q.1: ·1, ~OO 7,495 I, ,,!IS .68 i. 7n 2(].~ ~:J.:l • ~2O 3.6S5 44. .. .436 250: 62.5 ;'!i'i 
~ 

19 StructurnL__ .•____ 7.80 16.34 ISO 30.7 .3i6 3,300 4,600 1,3.18 .7i 3.15 31S 31. 7 .367 2,620 31.2 .36S 213 ...... ' 
Small, clen!. _____._ 2. 00 2.00 .._.... 3n. Q .3i2 3,232 I 6,000 1,307 .45 5. 53 21~ .............. 2.742 52.0 .41i 351 103. a :.32 ;;

10 StructuraL______ ._ 8.14 16.36 ISO 36.6 .467 2,930 I 4.8.10 1.3\1 .59 2. 69 327 42. 0 .451 2, 8.~5 41. 3 .451 451 . o 
Small, clenr........ 2.00 2.CO 40.4 .450 3,565: 6,257 935 .8·\ 9.35 2:l6 ',. .... ...... 2, i07 57.5 .4SO 476 M.B. ~I:i 

1 II SIIlI(·tumL__ .. __ .. S.39 16. fO ISO 43.0 .31l!l 3,!J.l0 4,640 1.296 .64 2. 26 32'l. 39.2 .303 2,055 46.5 .300 20S ........ H 


Small, denL ____• __ 2.(' 2.00 !____ ... 50.6 .402 3.4OS 6,015 1,33S .4S .... 34 216 _______ ...... 2,812 61.3 .431 3.~; 97.0; 58i ":: 

1 ]2 StrtH·tumL _____• __ 7.89 16.08 ISO 37.3 .445 3.:;70 5,420 1,442 .SO 3.81 361 44.4 .400 3,150 34.i .442 435 ........1,.... .. 
~ 

("Small, clear_____•.. 2. CO 2 CO ........ 47.5 .4M 4,010 7,192 1,251 .70 i.82 260 __"_.' .. __ .. 3,178 5i.9 .• 482 775 &~. 1 802 
 8113 StructumL________ S.23 16. 491' I~O 43.6 .433 2,570 4, ~oo 1.092 .54 3.2S 30-1 40.6 .4ll 2.590 39.6 .411 342 ......-.. .... r-:Rmnll, elenr ...._.._ 2.00 2.00 ....... ~1.0 .42.5 3,312 5,!lS3 1,236 .50 5.98 217 :___ ..._..__ .. 2.M2 61.0 .43:1 397 100.5 652
141 StructumL._...... 7.1}9 16. 3~ IRO 140.0 . HD 3,450. 5,670 1,1;33 .70 3.46 354 I 51.S .476 4, 125 ~2. 2 .·156 317 ......./_ ........ 

Smnll, (·leaL ... __ .. 2.00 2.00 • __ .... :is.1 .450 4.213' 7,650 1,072 .!J.l 7.65 275,' 37.3 1.450 3.[.87 3~.4 .468 300 00.4 ;56 t:1 

1115 Struo!umL__..__.. 7.65 16.35 In 35.7 .493 5,250,' 5.626 1,498 1.68 2.18 39'J 34.01.495 3,985 36.1 .400 457 ___ ••_.......... . 

Smull, clear .._..... 2.00 2. 00 •___.... 48. I .488 4,26S 7,953 1,388 .75 12. 50 286 __ ...________ 3,862 52. 2 .520 520 i 80.8 698 



StructurnL________'16 	 i.87 16.17 ISO : ai. U .438 3,230 .58 3.8U 365 1 39.51.42&, 3, 405 138.1 .439' 
Smnll, clenr ._. __ • __ ._.... _ 31i. S 2'!~ll'm ' 	 35. I .421 ~ \'--ii2:7' ·------6782.00 2.00 .425 3,02; ',' , .55 11.45 ZiO 37.7 .419 3,2'J:! 


17 StructuraL__ •___•• 8.87 16.37 ISO 3U.1 .430 3,440 5,260 1,248 .80 2. ib 356, 35.0 .42'2 3,375 40.2 .417· 371 I............-.--. 

Smllll, clear •••_____ 2.00 2.00 ..... _ 36.3 .449 3,758 i,505 1 1,256 .61 12.~ 26U' 36.3 .444 3 5S3 34. 3 .4US! 3?;, 07.5 730 


118 StructurnL._._____ 7. !)<J 16.28 180 &1.1 .450 3,010 5,140 1,:{54 , .60 3.57 . 346 56.3 .458 3:33.3 46.·j .4llS! 

Small. c1ear__ ._.___ 2. O() 2.00 ___ .... 52.7 .486 3,970 7,492 1,252 .73 270 54.1 .47. 3,612 42. 4 .5-12 I ~?~ 1"-i;ii~7' ...... iiiii 
StructurnL___ •___ ._ 	 ~~i 259 ,._ ... ___ ...... _._119 7.08 16. ·19 180 58.7 .-122 2,820 4,540 1,262 I .57 309 48.0 .400 2, j95 Ill.2 ,·lD7 

Smull, clear___ ••_._ 2.00 2.00 .• _.••• 46.6 .421 3,tHO 6,658 1,170 .65 '.S5 ' 243 52. -I .410 3,152 46. S .467 472: R2 0 732 


20 StructuntL____ ._ .• 8.25 JO.31 ISO 40.0 .444 , 2,9.'iO 5,OIQ 1,39., I .50 2. ao 340 35.2 .430 j 3,795 41.7 .436 274 l'''~-''-.- --siii
Smull, rieur • _____._ 2.00 .448 , 3,923 i,652 1,2S0 .70 9.18, 2,5 34.0 ' • HI ' 3,5.0 35.7 .458 201, 59.5 

21 	 StructllrnL_____ • _•• 8.07 I~: ~ ,---iso- !U .410 2,000 4,340 .1,332 ~ 5; 1.92 i 271 41.7 ; .392 2, s,;o . 42.2 ..Jl~ . 364 : ........_......._ 


Smull, dear .. ~ _____ 2.00 2.00 1.• __ •• 43,5 .438 3,1125 6,800 1,213 .H 7.32 . 243 .. __ .. __ 3,2~5 4U.4 .. 4Ul !l;1~! 89.S 764
.... 	 .. w~ ~ 

22 	 StruclunlL__ ._•••• 8.37 10. as I I~O 52. 2 .419 2,480 4,3;0 1,33G 1 .·11 ~J6 49. ~ , • ·lIO· ~. O~~ 5:1.2 I . .n5 
Smnll, clear • __ • ____ 	 U~l 50.4 , .400 210 '''75:2' ....... &'JO
2.00 .402 3,938 O,Sfi5 1,500 i .58 .461 &1.•.• 403, .,9.> 

4UI ,._ ......_....._._ 
Smull, c1enr • __ • ___. 2.00 2.00 ...._••; ·j2.5 .449 ' 3,800 7,020 1.003 .84 10,60 57. S .469 &'iO j 80.0 824 

123 	 StructurnL._.______ 8.18 1~~ r'-iso' ~&~ .4·IV 2,000 4,420 081 .40 3.S~ , 392 33. 2 , • -135: 3. 1tl5 43 2 .420 

~~! 	 '-3';':-:--44';': ~, r:~ 395 ......... _. ____ ..._
24 	 Structunll..._. _____ 8.08 10.00 • 172:34.3 .438 3,020 -1,720 1,253 f .60 2.G(l. .• 1 -',. " , 310 .414 

SYnan, clear . __ .... __ • 2.00 2.00 -1,170 7,608 1, ~571 .62 K47 273 .-••---' ..... i 3,343 50.1 .005 


--'IS0': ~U .-162 	 g~ L.1~1~~.... _...::'25 	 Stmctunl1••__ ._._._ 8.23 16.42 .435 2.310 3,700 1,193 .40 I. 32 2.10 f ·11.1 ;.375 I 2.550 ·10 8 .420 
Smnl1, l'lenr ________ 2.00 2.00 ___ ._ .I 57.0 .435 a,522 6.460 1,10'2 I .08 I. Z3 ~ ~ j-"':~-·"1"-~-.;-' ~.~~ flG.5 .430 

26 StructurnL_.....__ 8.2{ 16.36 180 , 31. 5 .416 2,880 3,950 1,200 .62 1.fi.I' :;~: I 3L8 •• H.: .,8,0 31..; , .3~2 tJ~ I ..~~.._.....~: 
Slllan. rlen,-_. ___.. 2.00 2.00 •__.... ' 42.,1 .4·10 a, ;32 6, IJ.IS 1,269! .61 j 7.3.1 253 ".-.- ..:.-.•.• 1 3,000 tJ:ll .. 416 275' 114.9 601 ;;

12{ 	 StructllrHl..____ . __ • 8.14 16.34 IBO 4-1.-1 .470 3,·IRO 4, 420 1, ·194 .73 1.36 : 2'J$j ,16. -I " .47·1 3, 135 -li.:;:.,"'U 344 I ........ _....... .. s-:Sm,lI, clear________ 2.00 2.00 ___ .... 40.3 .4tH . 4,583 8,230 1,399 f .S.1 12.23 . z;)6 43.0 1 . -tni i 3, ~20 5n.n ! .462 301, 71.4 700I 	 Ul
128 	 StructunlL_.______ 8.25 la.31l ISO 45.2 .30.8 2,-170 3,770 1,3Uf) I .40 1.22' 255 37.5' .-101 I 3,230 :193 ,·11)3 i :fl~ ;-~""."':''' ~ .... ,. .. -.:. .........,Small, clenr._._____ 2.00 2.00 ....... 35.1 .377 4,165 7,708 1,633 .03 7. U5 4 260 I 3') 3' 3--' ~ S'3 :ll. S .375 .5_ I 61. , .00 
 ;>Strur:tunlL_____ ._.129 	 8.12 16.12 lOS 3i.9 1,900 3,740 1,484 .25 2.13 ~~~ J---~~J-.-~~~ ] .-~~-.:"... 3-10 .429 I ~~¥ :·"h2.'U' ·--.... 743

Smnll, dellr---'----1 2.00 2.00 "_.,,, 41.6 :.108- 4,563 7,71') 1,450 .83 S.14 ; ." I ....... '''-''. 3,Sl~ 52. 0 .520 i 


, 	 ~ 
o 
o1 This timber contained one or morc rotten knots which wonld not b~ permissible in stnl('tunll timbers meeting tha ro'luirements of Am~rlt'i\n lumher ~tfln(l:lr<ls, '1'hc depth of t)rot wus not recorded, but if tho dopth does 110t oX('oO(I tho dlumeter of the knot, tho tlmhor lO'IY ho grmled liS If tho knot wore sonntl, lIc(·ordln~ tn LilA prhlf'lplos of gnldlng In 1:. S. 

Dept. Agr. err. 295. If the depth of rot ut a knot elC'tlCds tho diameter, the timber would uo gr-Jdcd liS S'1 or 11 cull by tho grading principles oC 1:, :3, Dopt, Agr. Clr. 2"J5. Ul 
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TAIII.~, 12.-Dctailed data on the indil'irilwl structural li1llbl.'rs of oi'r-riry u'cslcrll hl.'mlock from A laska awl of small, clear 81Jccimc1I8 ClIt from ~ 
~m 	 . 

..__.-.._------
>'3f'ompn!..<.;Sifm JWl'~('·omJ)r(1s..~ion p.\r.1J)tll ~hl'aringstren~th

j I SWtil' hl'1Hllng 	 JiI'llIlirlllnr to ~ to gnin 	 1~lnlJJ(.1 to grainI;nlill ~ I 	
.~. - ~,,~~---I I 1... .. . _.
BJl~(·I· 	 z 

,...;men Typl"- or siwehnen A(·tl1!lI.l·ro,;.,· SPliu I j I..' I 

\\'ork lIori?t)ll' 	 o:\0. 	 5('['tlOll I~[oi~. RJ'I'-: I'lh,":! \ . .' ~[Oflll- Work ~(ols· 8po- :0.[<,,1· :-[ois" 8ptr Flh~r Mols.! Awmge :;.to Lli sh".lr 
un~i· , stn's.."at

, I 
"0'\ 
tllm 

"1\' 
cltJe st.ru;:~ 

,II 
. 
Ius 
1':';11 

If f 
, Ill' 

II '\ 
of 
'1(' .1 ·-t 

to 
I',. ('O!l~ 

tun' 
gr:n·· 
!'iii" 

('rl1shl·n~ 
mum 

(~on-
lure 

l-!J":\\'. 
dli,' stfl'SS 

'l~'i\I' l'()ll-
lUre I 

and tan-
01 r:l(Jial C" 

t ... a ~~l". t:bstic rliplUrf" (. '. ~. • t .~"". ~ mum :mt\\imlll1lI tell! It~ limit ,Itl hum i tent Ity stJ'('IIt:th t~lI! ity, 'Iil;,!t( i lent genUnl i;:j
1":1<1 liMIt 	 ..... __, J I I ! ' 


-- - --I \ 	 2 

1'11../11,•• , In.-11M.
I I Per I .LII.•• pu fA),!. /la. lb.•• [leT l1rr r per I;b.l. per I'rr 1.1". /lu Per Lb.•, prr Per ILh.• , PeT >'3 


! !: I : i I I.IJ{)O 	 t:; 

,...;Inche., [nche., I [nche.,: alit ~ .,'1. in. , '''/. ill. f ."1. In. ClL. In. I ("U. HI .. sq. /:1, cent $1[, in, cflli. ._, "q·it.!: I' crTlI "'1, in. 


I 30 . Rlrueturn.., ____.... 7. 1:1 It). 0.). I~O 17, i 10. ·tr.O 4.000 I' 7. 2~'O I. :138 NI U.1i 0.·1 ... fl, H35 IU. 00. ·1.11. U.h ....... . 
 Z 

Smnll, clc:\r ... ~_,. __ ~ 2.00 2.00 ' ... ~ __ ,_ 8.5 .·IUR Uj 23i IJ,527 I,IH LM i ~.¥:i ·110 S.1l .4l11 7,,,!~ . ~..\ .~:l 1.4?! !l.31 t:;


'31 Struewml..• _...... 8.02 Li.U!lj ISO Is.,il.as!) 3.720 5.,,100 1.:I·li 3)3 U.O ,·112 ~J, S)o) 
I~
• U:l I 3. !12

:':,,,,,II.clcar, ... __ ,. 2.00 2.0° 1, ...... 8.5 .am 5.!l23 10.11,1 1.,19·1 1.:12 (i.·I~ 3;,1) 8.4 .:l~ll 7,100 Ig Jci2 :l% r"\,:i'l !~)!i 

'32 Strlll.t.UTllI. .. ___ .. _. 7.00 10.n:I, ISO 17.H .4:;7 '1. OliO 1 7,ann 1.772 · S.i a. H) 4J(1 III. 0 ,·ISI 11,010 I I. 3 j .4;"1 ['70 


SlIwll. ,·10·1T ... -..... 2,UO 2.I~J I S.G l"I!)!1 0.5il' 1·1,2·1') 2,O!O 2.'1') 112 0.1 S a .-I~I U.11~'O 8. 7 •·170 IHI n.1 I.iiti ..... 
.; 


;,Q() , 

13.1 :ltructuraL......... i.65 16.12,•. ISO 18.9 .·laI .1.3S0; 1i,,;80 1,3i7 1.27 ·1. III 4-10 : 0.11 .·1 Iii I1,OJ.i IS. (I • ·1:12 .102 ",. __ , 

81ll1l1l. cloar........ 2.00 ~.OO, ."." S.n ..t-li 8,1'.~ 112.1\05 1.7·17 2. I I S, I~ ,\.;·1 ; R.·I , ·I~,o H,i'i12 R·I .·HZ 57.1 0.4 1,027 


13·1 :ltrul'tuTIIL.•.•. 7.0a 111.07 I ISO 17.0 .-120 ·I.HOO 7,\(iO 1,1121 1
_... , 

0.·1 .·IIX i,70:; Ii. 2 , ·1:10 33:1 ..... VJ 

I BIllII]J. doar."..... 2.00 1 2.00 i ...... 8 7, ,·1:19 S. liuO H, ,lOS I....0.'1 ~. i.~ I lJ:y~ :iO.'; S. 1 ,·Ill ti·~3~ H. 7 , -131 578 1 O. 2 ,;i02 

::;)

.70 I 2.0U
13;; :ltrueLur.ll.......... R03 J' 1II.2'J, li4 17.S .,12:1 a,.IIO! 5,770 1,·1'10 	 ,101 !l.1 .410: "hs.', 17.a . ·100 fino 


t:'lSlIIull. dour ...... 2,00 ;!,()O , ....... K'I'I"150 7,0.S 11.7.i8 1':,4-\ 2 ,)- (l ••\ ·11·1 8.:1 •4:,~ ! 8.103 Ii. 7 .·!G·I 1.10:\ Ii. a i.ii/l.5 ":l 

I
l:\.J StrnctuTIIL.• _.. 8.11 I.;.UIJ: IRO 18.2 .·l:lO :1,7,0 5.700 I.[rll ~R.i 2: :rl a.ia o. s , ,-1;,0 : 6,300 lS,I . ·120 51S 


I SIIIIIII. !'1oar....... 2.()O I 200 i .•.. .I 8.5 .-1-I:l 8,350 11,8.'12 l,iGS 2. 10 i. iO 417 I 8.0 i .-137 i. UiS , 8 7 • ·150 607 0.3 .i~oo7 !" 

,a71 StructuraL........ 7.80' 15.SIl: ISO! 17,2 f .,tall 5.2!lO 7,010 1.717 I.'W' 2,0·1 0, II .• ·1:;; 8.335 ! 17.0 .·110 52'2 


SIllIIII. !'1ollr ........ 2.()O 200 , ..... f 8.5 .·1;;2 H,IJ07 H.'i7 1.8-10 1.00 t 13.:W l.nl R I i .4:;0 U,Oi5 K 0 .4;'8 72·1 '0:0','"'' i;310 o 

"'l5 ')'10l:IR Struetural.......... ~.os 1~.!l2i JflS!li.1 "13~ -1,[01'2 ~,iioq l,'!.~? l.a:!: 3.37 400 j 11.7 ,11>11 1O.!l • ·120 7hl 


SlIIall. clonr .••••• __ •. 00 _IJO I.......' 8.,1 .-1·1" 0,01. 1,\,g'l;, 1.....1 2.00 I 10.30 ·1'lO i 84 .·13!! H:lii~ 8.1 ,Hi 03S IJA i,-i52 ::

13U; StructllraJ...... __ .• 7.77 15 SIi ISO! Ill. 7 .-1;;8 '1.220 0,71;0 1,82.; .RIl: 2. iii ·1,15 I 0.1l .4118 fl,O.-.o , 17 0 . '1[»1 fi~~ (;)


! :'llllllll. dour ....... 2,00 2.()(} ,. __ • __ . 8.8 .4'H 0,07:1114,380 2,IJ.lG 2. j., I n.:ifl f,f),; : 7.0 .·1U1l O.-IO~ 8.2 .-I7ti 71S il.·o· ..6tH ~ 
....140 j iHructuraL......... 8.07' Ill. II l 180 17.2 .,1311 i :1.470 5,580 1,.J.I2 .711 I 2.4:1 '!"3 ' n. G •·1:.0 5,005 17.j .-148 552 
 ojSIIIIIII.c1Ol1r......__ 20(J' 2.00 ...... _ S,{l ,4a71 s,on:! 12.3;J(J I,G'>I 2. I;;, SOl 43;; 8,3 .4·12 S, 1U2 8 ii ,·110 02:- 11.0, ""i.otis c:j
1
oil 	 I Siruclllnl!.._ ._ .... 7.1l2 15.0.1 I ISO 17.2 .450 -I,UlO 7.110 1,800 1.24 :t2J ·171 : 
I 

D.·I ,·)l1I R.O:lO li.2 .·ISO R:1Il 
ISllltlll.dollr ........ 2.00 2.IJO, __ .... _ 8,il .485 10.1-12 16,2;7 2,1112 2.t1Ji Iii, OR! 570 7.11 .·IS7 IO,:IIH Its .480 (Ill 0:1 >'3

-~i;272 t' 
1.121 Structural....... _.. 8.05 Ill. 00 I 180 18.0 .4:11i 3,5'10 ~,aoo 1,248 • DI :1.02 . :1;;:1 O.R .·121i 5,1\}() Ill. 0 .4:11i 508 ....... 1 
 q

Smnll, detlr ..... ___ 2.00 2.00 , ....... 8,8 .·1116 7,5:12 12.2211 1.620 I.!H IIJ.SO I -132 8.2 .·ISIi 8,512 n. I .500 723 o..ll 'iJi:j 

~ 1.J3 Struetnral.......__ • 7,70 W.07 ISO IS. Ii .47,1 3. U80 Ii, 220 I. Iii 3 .05 2, III ' 415 O.li .,wo i.110 18.0 .·Ir,; 52:1 •.• --I 
 t<12.21 11.00 : 50-1 8·1 ,503 0.lI7S S.B .[,Q311.1&~ 1,·fi2 

44 	 Strlll'tumL.. ___ ••• 7.U! 15.00 ISO 17.1 .441 4,000 Il,02(} 1,7-17 .Si -I.35l -1;,0 10.0 .411/1 1,915 17.7 ,·1110 ,,38 

1SlIIall. c10ar ..... __ . 2.00; 2.00 ....____ S. S .463 10.050 lIl.ooo 2.07-1 2. il 14.15 51J:l i, II .·100 0.638 8.3 .467 671 0.2 i,illi 


SlIIall.(·loar. '''.''1 2.1X1 2,m' 8.5 .515 8,-I-1211'I.auo 1.7Ull 	 ....11.0 I 


http:ltrueLur.ll
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1451 SlrudunlL _______.r 	 4,440' n,m' J, iiI' LU2 2. i9 10.01.·162 R,0051 1 •• 4 , .444: 581 ,••__ • __ .1.._._.•__.~·06IIPI j J;;o f I~.~ .4::61 	 435 
Srnnll, dcar ...••••• .. 00 •• 06 •___... S.•. 4.0' U, SO, IS,J:!;! 2,0'.l"2 ~66 J2. i-l ;.as 7.9.470 9,15. 8•• ,4751 537 9,Si 1,162


146 i StructunlL._ ._.. .. K .1; ; 15. US ISO . 18.3 . -13·1 ( -I.SIO 6,250 1,63;' 1.31 2. GO 4lii 10.0 .-I.)(J .,715 IS.3· .-133 500 .............. _. __

; Small, donr....._.. 	 9,073 14,-555 I, ut;; ~~ II. 74 iill •. 6 	 .472 O,635! 8.3 .466. 6:.'0 0.2!' 1,000

47 I ~tr~l('LU~ll!••• ~:~ . I~:~ i'i~': Ig· :~3~ 3,:S30 -I, \0'70 I,3f:i2 ~ 71 I.·~~ . 328 0.4 , .43{; ;~1;5 17.-1; .·123 5il ~~ .... _.. ~ ...................... 

, ~IJl,ln, dO~lr _ .. 2.00 2.00 I.... !l.S .·143 0, !}.J~ I1 J -513 1,34f, 1~ i.07 ! 40;; 7.9 .·Wi .,492 S.3 .0\70 S04 9.4\ 1,1l6


L!H Struetum!...... ,."1 IH.O', 1'i1l'1'.1 .·117 -1,030 :i, ·II;() 1.5Is .~ 2.71 ' 3frl 9.6.-1ll ii,S'O lau .·117 -167 •• __ " ...._..... __ _ 

~JTlnll, ('.Ioar.. .. ~ 	 l,~7f)

2.00 2. 110 '1"" .'. ,; .-13, 
'''',1.2,; 13.s-t2 2.10 Il.i;fi : 4Si' KG .44~ ~,i6; ~.~ .-I;;~ 779 9.0 I 1,026


1 40 StrUCLUnl'--._ 'l,IH : Itl.47 1'lO I'J.,I .42.) 3, ilO 4,130 1.Ir.H Ln I. -II ! 21'2 0.0 .-13. 10,-10, I"u .-IIS 513 ..... _........__ ._

i l::;uulll, (·Iear _~. ~.OO 2.00 ...1 .~.·I .·129 G,72,,) . 10,5.')0) 1.311 I.W fl. 12 i 302 KO .432 6,93R 1';,., .-I3S 724' 9.5 1,050


150 StrUl'tur.1L_ .. S.1310.3; !otlll6.;;,.4I' 3. ;ioo -I. ~·IO 1.49U .~ I. 21 I 2~7 t u.r,; .-124 7,015 17.·J: .-12;; 420 • __ .... __ •• _....... 

Small, dear. 2.00 2.00 ...... ·~.2 .HI!· i,73.; It. uSO I,Of>O ~OO i. fJ5 ' 4211 8.2; .0116 7,·123 8.1' .40. 722 . 0.5 1,1OS 


1 61 i:ltrllttur.l!..-. 3,7[10 ·I,WO 1.·19. .~ 1. 42 308, 9.0, .·120 O,2s.; 16, •. . 38S 373 __.......... __.. __ _

8mnll, do:!r. J:&; IVJJ 1>;0 I~:.; j5~' i, 7.~~ 1:!~ 10:1 J, ,05 LOO 5.:1. 42.') 8.1 .421 7.8010 8,5 .412 589 9.-1 SUO 


1 1i2 Stru(·tuml •. SOl 10 "- IW F·I 1"0 2.:,'lO ·1.·hO 1,·I:lU ~ 2.07 I 301 9.4 .426 6,305 17.0 .43·1 750 '..........______ .. 

Sm:,ll, dcar o' 2: Oil 2:00 ~ ~:;, :43tl· .~. 170 12.110 l,Gli2 i~ •. 43 42S 7. S .4SS S, I~'O S.. .483 .21, 9.1 I 1,100


153 Strlll'tumL._ 7.'11 Iii. 10 IIi;; 17. I .;;19 ·I,2'JO n, 140 I, ,23 .~ ·139 10.8 j .566 8,010 Is'l' .WS 735 1._.............._~.~ ISmull, dear .. ~.tlo! 2.00 ... ~_~ S.7 &.531 10,,123 1Il,"'Us 1,971 &10 1.).;"ij 593 8.7, .~.I-I 1~,2}3 ~-I .51! HI]. (I•.I! 1.2005-1 	 Stru(·tllnlL_ .. 7. U'11li.2fi li'l 117.s .":Xl 3, ·;roO 5, 720 I, i·12 .~ 2.DH 399 Ill. 4 ...3·1 ~,I_'O lH.U .4 .., 6S3 ...............__ • 

Blllllll, clonr•. Z,OO 2.00 _"'! S.1l ..;1\) 10, ;i·l;; 15.71)3 2,3,19 ~~ 11. il4 5·19 7.9"~ 1O,,?2S ~.3 .530 ~JI J S. 71 1,356


155 i Bl.rtlctunlL.. 7.~2: I/J.J.I hO 17.11' .·10:. 4,000 ·1.aS/) 1,326 1.10 t. 4. 293 9.-1 .-\._ 6,500 1,.3 .401 a91· __ ................. 
I :'llllllll, dear... .. 2. au,' 2.00 .......! S.Ii· .·lIti , 7.23R 12.0SO 1,·t72 1.99 U.5.i 427 8. 2 .400 7,538 S. 7 .448 I i24 0.5 i ('ulled. :.

1 56 i StructuraL....... . •• 9~ 15. OS 1-;1) Ii. I .4·{O 3,5f,o 4,710 1,·12.1 .~ 1. .0 312 11.2 .400 !l,ti9;; 17.3 •.j.!" 596 ........1.. ..__ ....
I Small, clcllr~ ___ ~.~_: 2.00 2.00 __ ' __ '"1 S.2 .·\.19 ii,GlS 13,705 1,820 ~~ 11 S" ·188 8. 3 • 4-12 8,9GO ~. ~ "I~~' Q!Z 9.2 i 1,114 

~ 
157 I Strm:tl1raL~ ... _~ .... __ .. ~ R.0'2 ! lIl29 ISO 1l7. 4 • -12·1 2,740 ·1, 120 1,316 .~ 1::18 278 I 10.0 .·166 O,3SO 1,.il ,-\.8 .. , ._.. ____ ....___•__ ,.,:5 

f Small, dear... "'--1 2.00 2.00 ....... SA .421 H,5-13 13,050 I, 71~1 a~ 9.S1 443 . 8.3 .·12'2 i,SI7 8.1 .420 598 9.2.1 1,091 ;:
1 5S I	Stru('lUI':lL••_. ____ ,. 7.71i \15.01 ISO Ii. a .467 3. \l30 ·1,100 1,570 .89 4.1. 27i! 9.8 .400 7, :140 1•• 6 .456 592 __...___ '__ •• ____._ 


Small, clear • _____ ._, 2.00 aoo __ ...__ 8.1l ••17-1 U,I02 15,812 1,09.; aao 12. 00 f>-15 ~ i.9 .·175 0,&97 S.2 .473: (1S9 : 9.1 1 1,200 
 ~ 
~~ - ~-.----------.-,----- --,--------	 o 

o1 This timber eont:llnc,j one or more rotten knots whlrh wOIII,1 not he permi~sible in slrnrtural timbers meeting tho requirements of Ameri('tln lumber st:Ull!nrds. The depth
of rot. was not rel'orded, hut if the dopth does not exceed the dillUleter of the knot, the timher may IJe graded tls if the knot were ~oll",l. tl('rnnling to the prirH'iples Of grading ill {f] 

o 
U. $. Dept. Agr. Cire. 295 (15), If the depth of rot ~t u kllot exeeeds the di:ulleter, the timber would be gnlded (IS $4 or n cull by tbe grading prlndllies of t:. $. Dept. A~'I'. Clre. 295. 
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TABLE l3.-Detailed data on the individual structural timbers of green Sitka spruce from Alaska and of small, clear specimens cut from them o o 

Compression perCompression p~rallel Shearing strength i-3Static bending 	 pendicular toto grain 	 parallel to grain t'Jgrain o 
p::fSpeci· Actual cross· men I Typo of specimen Sllnn' I ,-.-!- ---- ---,.- - 'I .. ! . I ,I I' 	 !2jsectionXo. 	 ~[ols. Spe- FIber: "10du., Work. i\ ork IHOrlZon- Mois·· Spe- Maxi- "lOiS',', spe.,' FIber HMOiS.' Average 

tUnl eifie stress 'Moon· Ius of' to ! to... tal s~ear ture cUic mum ture eifie 1stress (uro of radial o 
;;con. gray· at.. Ius of elastie-! clastic! maxI· I s~r<:ss at con., gray· crushing. con. gnw. at. con· and tan· t'"tent I ilY C,I}lS~1C .ruptufl' it'· I limit Imum :m,uunum tent ' iLY strength tent I it,- el}ls~lc tont gential

hIDIL i 	 lo"'~ 1 load ! I I limItJ • 	 btl 
q----j--- 1-'--'1'---1 '-'-' 

t l,arJO In.·lbs . . [nAbs. 1
Per Lbs. per Lb •. per lb.!. per per per I Lb •. per Per Lbs. per Per 1Lbs. per Per Lb._ per E

Incites Incite., lndJes cen~! _ s~. in. sq. in. sq. in; CII. in.' C!L. in., sq. in. ce!'t I sq~ in.. cen~. sq. i?!. cent sq. in. 
StructuraL•.__••_.1 7.00 16.10 ltiO 	 4~.1 10.33.: :;,180 r 4,100 1,08~ O.~O 4.60 I ~3 4~.5 0.328 .,1~~ ~4.~ ,.,0.3;;3 1d -.-:.-.- ----------
Small, clonr •..••__ . 2.00 2.00 __ •. _•• 5~.1, .32~ .,C0l, 4,~10 I,(~H .~ I 6.43 153 5~.8 .3!6 !;,9!~ ~9.4 1.3:4 244 09.9 628 ~ 

2 StructnraL..••••_. 8.20 W.18 1&0 3:!.~ 1.3S9 3,0,,0, 5,.,\!O I, ,£~3 .:;! 8.48 369 3:.1 .3 •.8 .,8,0 34.1, .3.6 21~ ------.- -.-------. toSmall, clonr._._.... 2.00 2.00 __ .•••• 3,. ( .388 2,800: 5,9W I, ,00 ••b 1 5.88 213 30.9 . &52 2, 940 36.8 i .393 22.1 3.5.1 089 to3 StructuraL_ .••. __• 8.11 16.11 180 31.7 .332 2,2.0 4,940 1,:!GO .38 3.27 270 32.3 .318 2, 200 34.7 i .325 163 --.__.•_ ---------_ C>Small, clem·._...... 2.00 2.00 ___ • 30.5 .319 2,330 4,480 :,140 .2. 4.24 j 160 30.8 .313 2,270 30.0 I ,321 2.4 31. 2 576 

4 StructuraL•.•_.___ 8.].1 If). 22 ISO 40.2 . 3~7 2,550,' '!,730 J,300 ..!~ .5.49 318 33.7 • 2, 220 52. ~ I . 3~8 1S~ -------- -----.----


Small, clear. "" _. .•• 2.00 200 40.•. 306 3,060 0,480 1,188 .,6 6.23 196 39.0 .3&1 2,410 39.• , .302 300 44.1 613 ~ 
5 StructuraL•... __ •. S.30 116.18 ISO 31.8 . ·131 2,9,0 5,150 I, -lCO .55 3.29 3-15 35.5 .418 2,960 36.2 .437 222 -------- --------._ 

Smnll,oIel1r........ 2.00 12.00 ____ ..• 33.7 .·IH 2,100 6,310 1,380 .18 6.47 225 32.4 .413 3,0,0 3-1.1 i .424 334 29.7 747 !"l 
6 StructuraL._...... 8.1I IG.OI ISO 130.5 .341 2,3;0 4,460 I, 3~5 •3~ 2. 9~ 296 31. 5 .339 2,645 32.2,. 3;l~ 13~ ----..-- ----------

Smnll, clear ••.•••_. 2.00 2.00 ____••• 29.9 .3-11 2,1.0 5,480 I,·IW .11 6.41 190 31.1 .341 2,680 30.0, .3al 23_ 28.8 6S8 
7 StructuraL..••.__• 8.12 16.20 ISO I 30.9 •3~5 2 .• ~O 4, 4~0 I, ~ .49 2.49 295 30.4 . ~~2 2, ~,5 31. 9 I . 3!4 1~6 .------- -----.-.. - ~ 

>-;;Small, clear........ 2.00 2.00 __ .••. _ 31.5 .3:;4 1,9,0 5,4.0 J,~13 .14 4.55 190 31.1 .301 2,110 31.4 .. 358 2/9 28.9 005 
8 StructuraL••_••• __ 8. OS 116 17 180 33.7 .31, I' 2, 110 3,890 1,210 .3-1 2.63 260 32.3 .306 2,185 35.6'.317 206 ----..-. ---------- ~ 

Small, clenr •....__ . 2.00 2.00 ___._.. 31.7 .319 2,490 4,810 1,057 .33 5.33 1i2 30.3 .319 2,110 31.3 .314 Ii! 32.4 588 

9 StructuraL........ 8.00 I 15.87 180 38.2 .393 I 1,950 4,210 1,121; .30 5.18 270 41. 0 .361 2,505 37.0:.363 204 .--_____ -.---.____ 
 o 

~Small, olear........ 2.00 2.00 f,8.6 .362 i 2, no 5, zeo 1,030 .39 6. i8 18~ 55.4 .361 2,420 58.5 .364 314 56.6 726 
10 StructuraL__ •__•.• 8.23 16.00 180 31. 0 .300 I 2,740 4,400 1,3i5 .49 2.19 295 32.2 .378 2,455 31. 6 .394 202 -----.-- ----••• --- ;;

Small, clear. _.• __ •. 2.00 2.00 31.1.391 3,220 .5,630 1,330 .4-1 6.08 200 31.2.3W 2,580 30.7 .381 222 31.8 631 o
11 	 StructuraL_ •. ___ .. 8.33 16.13 180 30.7 .386 2,440 '1,270 1,355 .40 2.16 285 32.0 .373 2,600 31. 2 .·126 167 ---.______ . ______• 


Small, deaL ..•. ., 2.00 2.00 34.3 .3,8 3,020 5,530 1,3fO .38 5.87 198 3·1.3 .3,4 2,640 31.4 .368 23-l 33.0 613 
 512 	 StructuraL.._..... 8.10 15.93 180 52.7 .425 2,490 4,620 1,000 .51 6.31 30-1 43.6 .412 3,070 50.4 .4OS 219 _. _____ . __________ qSmall, clc:1L .•__ .. 200 2.00 ,6.3 .3S8 2,190 6,080 1,470 .1S 7.23 216 68.7 .390 2,6,0 67.2 .395 389 62.7 752 
13 	 Structunll__...... _. S.lO 16.31 180 31. 4 .364 2,370 4,140 J,355 .37 1. 98 2,9 33.3 .3:;8 2,700 32.0:.357 149 -- __•_____________ ~ Small, c1enr _____ ... 2.00 2.00 __ •• __ . 31.6 .358 2,130 5,590 1,315 .20 4.23 196 30.6 .35~ 2,630 30.6 .360 252 28.4 698 q14 StructuraL. ___ .... S.15 16.23 180 31. 6 .324 1,050 3,630 1,160 .20 2.70 244 31. 7 .314 2,305 32. (l .321 149 .---.-.- -----.--.-

Small, clonr ._. __.. 2.00 2.00 ____ •__ 30.4 .319 2,400 5,000 1,2-10 .27 5.90 178 30.2 .318 2,380 31.1 .312 203 27.5 668 r;g
15 StructuraL._.._... 7.96 16.24 180 20.0 .351 2,2f:0 3,970 1,210 .3S 1. US 266 31. 0 .348 2, 505 30.21.336 186 --._. ___ -.------.-

Smnll, clonr __ ••_... 2.00 2.00 __ •___ • 31.0 .346 2,USO 5,500 1,212 .43 5.13 188 30.0 .312 2,690 37.1 .331 237 29.6 661 
16 StructuraL._...... 8. OS 15.76 180 31. 5 .31lS 2,270 4, 0tJ0 1,100 .40 2.50 265 31. [, .352 2, 275 32.6 .364 162 .--.•--. ---------. 

Small, clonr_....... 2.00 2.00 32.8 .3GU 2,100 5,660 1,364 .20 6.25 202 31. 3 .364 2,560 31.8 I .368 307 29.3 60s 



-------------------------- ----

-------
-------

.. 

StructuraL_________17 	 8.10 16.23 ISO 2,220 3,700 1,355 .33 2.13 : 254 37.2 .337 2,65.1 32.9; .33931.71. 337 	 m1---3i~i-I-------6Smllll, clear ________ 2.00 2.00 30.8 .340 2, lino .1,440 1,0\20 .27 83 1 194 30.7 .336 2,700 30.3 .341 181 ________________ ,2
StructunlL________ ---i&i-	 5.18 	 8.32 1(i.51 32.2 .315 1,97Q 3,770 1,245 .28 2.25 258 33.3 .349 2,420 32.2 .370 

_M.« ___Small, dear ________ 2.00 2.00 30.9 I .313 2100 5,450 1,313 .10 5.23 195 29.6 .346 2. G90 29.2 .3H 251 27.8 7 

19 StruetunlL_. __ •__• 8.00 1fI.22 ISO :J2. 2 .:l28 I: 810 3,330 I,OOS .27 2'.!3 39.9 .322 2,21.'; 35.0 .• 328 173 -------- -------

2.00 '1,800 4.32 	 30.5' .331 0,29Small, dear•. ___._. 2.00 	 1,010 1,170 .18 1. 661 176 30.9 .318 2,270 250 28'--'iso' 3l.81· 31n 
20 	 StructuraL•..•___ • 8.10 lU.22 33.1 .310 1,410 2. 700 1,125 .16 1.04 181 34.2 .332 2,360 31.0' .315 218 -------- --------
Smull, dear ____ . ___ 2.00 2.00 33.2 .335 2, 480 4,810 1,050 .33 4.58 172 31. 7 33' 2,260 31.6! .320 241 34.3 5 !i 


TABLE 14.-Delailed dala on indilJidual slruclurallimbers oj air-dry Silka sprllcej1'Om A.laska and oj small, clear specimens cut from lhem 

Compression per· 
Compres~lon panlllel Suearlnf stren&th Static bending 	 pendieu)ar to to grain 	 paralic to gram grain 

Specl- Actual cross· 
InCIl Type of specimen Spansection Fiber "'ork Horizon-	 FiberNo. 	 Mois· Spa- l\fodu- Work 1\Iols- Spa- Maxi- Mois- Spa- Mols· Average ;>stress llIodu· to till shear 	 stressture ciflc Ius of to 	 ture ciflc mum tUre ciflc turo of mdialat Ius of maxi- stress at 	 at r.on- grav· elnstic- ollistic con- grav- crushing con... grnv· COD- and tan- ~ elastic rupture Inurn maximum 	 ity elastic ::J'Jtent Ity lty limit tent lty strength tent tent gentia!limit load load 	 limit ~ 

;> 

I/JOO In.·lb •. InAbs. 	 :a 
Per Lb•. per Lb•. per lb•. per peT per Lb•. per Per Lb•. per Per Lb•. per Per Lb•• per o 

Inches Inches Inches cent .q. in. .q. in. aq. in. ClL. in. cu. In. sq. in. cent sq. in. cent sq. in. ~nt sq. in. 
21 	 StructuraL __ •_____ 7.90 15.67 ISO 14.4 0.385 3,920 6,300 1,520 0.93 6.02 417 15.5 0.390 4,770 15.6 0.314 262 ~----..-.. ---------- §

Smnll, clear __ . ___._ 2.00 2.00 ----- ..- 14.5 .371 4, iSO 8,390 1,517 .84 0.8·1 299 13.4 .368 5,000 15.2 .366 330 15.5 832 rJl 
22 Structllnll_._.______ 7.68 11;.43 ISO 14.6 .425 4,020 6,920 1,620 .91 3.83 443 15.2 .400 5,080 15.8 .422 415 -------- ----------


Small, clellr _. __ . ___ 2.00 2.00 ------- 14.3 .414 5,120 9,440 1,660 .89 11.'30 331 13.2 .404 5,OSO 15.2 .a90 453 13. 4 861 

23 StructuraL._______ 8.12 15.96 180 14.7 .384 3,760 5,760 1,2·15 1.04 2.91 381 15.4 .387 4,620 14.8 .388 507 -------- ----------
Smull, clcar ________ 2.{)0 2.00 ------- 14.4 .381 4,820 8,050 1,2i5 1.02 9.25 287 14.0 .368 4,166 15.0 .348 360 12.6 789


StructuraL._______24 	 7.99 15.64 180 H.O .37·1 4,860 5,780 1,350 1. 61 3.7.'i 375 14.4 .378 4,250 15.5 .375 521 -------- ----- ..- ......Small, clear ____•___ 2.00 2.00 ------- 14.9 .369 5,080 8,090 1,323 1. 09 7.06 283 13.9 .374 4,430 15.8 .376 535 13.1 726StructuraL_________25 	 7.96 15.48 ISO 16.0 .412 4,650 7,120 1,610 1. 23 7.68 457 ------- ------ --------- 15.8 .412 662 -------- ----------Smull, cleul ________ 2.00 2.00 ------- 14.7 .414 5,780 10,330 1,828 1.02 11.68 369 14.4 .420 5,540 15.4 .420 577 13.4 784
Structun.L________26 	 7.86 15.87 ISO 19.8 .334 3,660 4,880 1,215 1.01 4. SO 322 10.2 .376 5,530 15.9 .332 42S -------- ----------

Small, clenr ___ ._•. 2.00 2.00 ------- 13.2 .318 4,590 7,250 1,121 1.05 0.46 250 12.1 .321 4,610 11.2 .346 410 11.8 825

StructuraL.______ ._27 8.04 15.40 180 16.3 .396 4,270 5,600 1,415 I. 13 2.25 360 14.9 .399 4,350 16.0 .402 473 -------- --- ..---..--

Small, clenr ..___ . __ 2.00 2.00 ------- 15.5 .396 5,160 8,000 1,404 1.06 11.08 300 14.9 .403 4,840 15.5 .404 583 13.7 826 


28 StructurnL_.._.._. 7.92 15.69 ISO 14.2 .335 3,250 4,580 1,250 .77 1.87 299 15.7 .319 3,840 10.1 .322 489 -------- ----------
Small, clear _. _____ . 2.00 2.00 16.0 .322 4,220 7,100 1,208 .83 7.54 253 14.5 .323 3,970 14.7 .321 345 12. 6 697 

20 StructuraL. ___ ._.__ 8.[)O1 15.55 ISO 15.7 .359 4,560 5,590 1,415 1.35 2.24 356 15.1 .351 4,600 15.2 .374 409 -------- ----------
Small, clenr ________ 2.00 2.00 14.8 .363 5,240 8,400 1,386 1.12 9.42 300 14.3 .3.52 4,660 15.3 .367 387 13.9 682StructurnL________30 	 7.92 15.42 180 15.0 .372 3,750 5,670 1,635 .79 2.26 364 15.2 .370 5,120 15.4 .374 352 -------- ----------
Small, clear . ____ .._ 2.00 2.00 --.---- 14.9 .378 5,130 9,050 1,622 .01 10.13 323 13.9 .376 5,120 15.1 .380 373 12.9 699
StructuraL________31 	 7.84 15.73 ISO 15.0 .346 3,730 4,640 1,205 1.06 1.81 30! 14.9 .332 4,310 14.4 .345 527 -------- ----------Small, clear ________ 	 0)

2. 00 2.00 - .......... 14.1 .340 4,390 7,410 1,349 .SO 8.34 266 13.4 .343 4,150 14.3 .353 312 14.1 703 
 t-l ... 



TABLE 14.-Detailed data 07), individual structural t1:mbers nJ air-dry Sitka spruce Jrom ,·Huska and oj small, clear specimens cut from them-Con. 0> 
l\J-

Compression parallel j Compression per- Shearing strength Static bending 	 to graiu I pendicular to 1-3parallel to grain t:Jgrain o 
Speci ~ 
men I Type of specimen Artual cross-I I ! I I . I I ' .section Span. Fiber _ Work Horizon-l. .. I I }'iber _ ~ No. 	 '.)[OI~- 8pe- stress :,[oou- )[~du- "ark to tal shear )[015- SPC- Maxl- 1~[Ols-: Spc- streSs IMOI5-, A\ern.~e .... 

1 	 o; ture clllc at Ius of In\~f t? Irmlxi stress lit ture CI.Jj~ m~"!1 tu.rc , Clfi~ at ture of radIal 

I 	 q 

::con- gPI\'-, el 'slic 'ruptnn' cl~ It'- ('I.,lSl.'" IJIllm 'nuL,imum CO'I- g,,\\-Icrushlngl CO.1- I g,Il~-1 elastic con- and t!'n
, tent Ity i limit I Ity limit I load I load I tent It)" (trength tent 1 It~ I limit tent genllal =-' 

, i---I-- ;-----.--'--,-,--
tti 

I 1,aU? la.-lb"jln.-lb8. 	 =-' :::-'I Per Lb•. per. Lb". per lb•. per per PeT Lb•. per Per Lb•. per Per ,Lbs. per Per Lb•. per :,:jInchCli Inches' hlche. cent sq. in. sq. j.~. sq. in. CIl. in. CII. ill. sq. in. cen: sq. in. cern sq. in. cent .q. in. ...,
32 Struct.uraL_______ .! 8.25 15.97' 180 20.9 O. ·110 4,090 I 6,020 1,720 0.89 2.75 398 16.0 11.41.1 4,970 16.3 10.410 I 249 __________________ ......

smUll,Clcnr ________ 12.00 2.00 _______ 14.6 .401 6,250 9,720 I,H63 1.31 13.89 3-17 1:1.6 .396 5,590 11.4 .405' 515 12.0 1,031 ~ 
3.1 	 Structur:lL.________ K05 15.68' 180 22.0 .·157 ,;,020 7,010 1,770 1.;11 :1.a3 457 10.2 .477 5,790,13.1 .50a I 745 _________________ _ 


Smnll,clear_. ______ 2.00 2.00 ------- H.7 .458 6,830 1'11'3:10 1,6.;4 1.57 15.2 404 12.9 .44·1 0,200 112.9! .492 OSli 12.1 1,316 
 ~ 

34 StruCllWIL.... _.... S.Ol l,i.1i8 180 lU.2 . :i32 3,040 '1,620 1,300 .65 2.00 302 15.2 .330 1,150 --_.. T---" ________ .. ________________ ~ 

Small, clear. _______ 2.00 2.00 _______ H.8 .328 4,070 7,580 1,219 1. 00 7.69 270 1l.8 .335 ·1,740 12.1 i .335 . 442 12.6 902 o 
~ 

35 l::itrUCtur:lL._______1 S.28 IIi. 01 ISO 23.2 .31iS :l,3aO 4,5aO 1,270 .80 2.26 302 15. G ,31n 4,190 L--.------- __________________________ 
Small, rlear ..______ 2.00 2.00 _______ 14.1 .370 4,950 7,810 1,122 1.23 6.01 278 12.1 .379 4,SSO 111.8' .364 477 11.0 1,000 ;=l

30 SlructuntL ________/8.20 16.llIl 180 19.7 .337 2,950 4,350 1,070 .74 2.271 290 14.9 .336 3,890 11.5: .:146 a99 e_' _____ • _______ •• 

Small, clellr. _______ 2.00 2.00 _______ H.4 .348 ",020 7,620 1,290 1. 09 4. SS I 272 12. I ,:149 4,960 II. ,S , .358 : IJ:IU 11.5 854 'fI37 	 Structural... _______ 8.16 111. ao 180 14.0 .35i 3; 880 4,860 1,265 1. 09 2.25 : 330 15.0. :145 4,150 1-1. 8 I .350 : 3S7 __ .... __ e _____ • __ _ 

Small,clcnL ... ____ 2.1l0 2.00 _____ ._ 14.2 .398 4,940 8,7·10 1,240 1.10 9.80 31l la.9 .asl 4,590 15.4 '1.405 ,,87 12.8 853 
38 	 fitructllfllL__ • _____, 7.1)7 15.84 180 15.2 .34R 3,220 4,450 1,37.1 .69 1.42 293 ].1.4 .:142 4,420 15.5 .341 375 _________________ _ ~ 

Small, clear ________1 2.00 2.1l0 _______ 14.5 .a:17 ·j,760 8,2·10 i,408 .88 10.20 294 14.0 .:l35 4,530 15.2 .. 3aG 40:11 13.7 659 "d 
39 	 StructuraL._______1 7.9!) Iii. tili 180 19.!l .31i8 :l.160 3, SilO 1,490 .61 .99 255 ____________________ ._ 15.0 .3n.1 308 __ •_______________ ~ Small, clear • _______ i 2.00 2.IX! __ ..___ 14.2 .380 5,500 8, om 1,481 1. J.I 5.11 288 13.5.:17-1 4, UW 11.1 .3ii7 5\0 11. 0 990 
40 i:ltrnclUr:lL________ i 7.S!) lti.22 ISO 20.:1 .:111-\ 2,840 :I,li,iO 1,Ii5 .O:l 1.02 246 14.7 .:In·1 4,010 H.D .302 42ii •_____.. __________ o 

small,tlcaL _______] 2.00 2.00 •______ 14.5 .30:l 5,270 8,230 1,:182 1.12 8.12, ~'9:1 12.1 .352 5,240 11.1!1.363 '1671 12.0 860 I-:j 
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The allowabll' safe stl'e::<s in bending l'eeomllle1l(Ied by the Forest Products 
Lllbol'lltOl'y fol' westel'll hemlock is 1,300 110UlHis per square inch for the Select 
grade 1'01' all til i!'kne!:;ses used uudel' l'ontinuolIsly dry conditions, This fact 
would l'stllhli"h :{,!J(tO vounds per S(IUHl'e inch as a desirable minilllUln value of 
nwdulus 01' l'\ljltufl' Of wt'stern hemlock under test conditions for u select grade, 
'l'ables 11 allll 15 show that Ihc poorest western hemlock timber (No, 26), 
whiCil might Ill' !-(I':ulcd as Hl'le<'t 01' S2, developed under test a modulus of 
I1Iptur(' (:l,[)[iO 1l001lltlS per ~qual'e inch) just within the limits considered II 
clesirnbl{' lIlillilllUm, 

~'hes(' timiJcl's, wlll'n tested wen' graded by the rules o'f the Pacific LumbeL' 
IlIspt'ctilJlI Burcau, whieh, how{~ver, did not include nil the principles of 
stl'ell!-(th ~railill;':, 'riley wert' 111::;0 ol'i;':inlllly grnded ac('onlin).( to the Forest 
St'l'vice I'lIlps spt 1'00'Ih in l<'OI't'st Hl'I'yi('e Bulletin 108 (Ii), Tllt'se rules have 
slnee bt'l'n SlIlll'I'S('dt'(1 hy Ih(' IIn"ic /!I'ades Ill'ollll>;erl in Department Circular 295 
(/,n, on whi{'h till' IIn'scnt American 11l1l11Jr~I' stallli:II'(\>; ~ra(leH of ~elect I1IHI 
COllllllOII HI'" III1H('<1 (22), It WHH thonght preferable, in l'OIlI)(~t'tioll with the 
illdh'idnul stl'ul'lural tillllJcl'H, 1'0' rcgrade tltew so far as possible in accordance 
wIth till' IHk;:t prilleiplc;; an<1 l'ul!'!';, 

'l'lte l'l'l:;ults of I his regrading', which followed the principles of Department 
Circular :!l);) (t,i)' al'(' IIl'e:<entl't\ ill '1'a1>lp;; Hi to 18, Unfortunately, the records 
ot' defe('t~ :1IIe1 tIll'il' llwation Hre nol' eOlllplete enough to permit, ill nil cuses, 
a III I 1:;('\'('1':11 Yl':lI'H ant'l' Iltl' test:; were IIlIUl(', of accurate and final gruding, 
llnrticlllal'ly wilh 1',,:;pPct to eros;; /!I'ain, eiJl'eks, shakes, and deeu~', The 
;':I'llding l!,iY(,1I in Iltl' tuhles ror each face, therefore, is that bused on knots 
ahnll', In ";OlllP l'a;;('s it is known that other rlefect>; than knots !'ontrolled the 
8lreug'th, 1Il'\'('rtlll'l('~s, it il:; felt that the gl'ading on the basis of knots alone 
i::; of considl'I'ubl!' yaille in ilHlicating the character of the material. 

.. 




TABLE I5.-Classification of green western hemlock structural limbers according 10 grade 	 ~ 
J+o. 

[The letters a, b, C, and d denote the successh'e faces of tbe timbers (clockwise) wben viewed from tbe butt end] 

1-'3 , .1 Grade 1 of each face as determined by knots and size and location of limiting knot 	 r-= 
a 

~~l'l ICharacter of failure In bending in ~ 
No. I Upper face Lower face Side face Side face order of occurrence Z ......(a) 	 (e) (b) (d) a 

-I 	 /--------- ::
t'11 SI; 0Ie8r __________________________ 1 SI' clear_______________________ _ S2; l!+inch sound knot at cent~r SI; Ifl~inch sound knot at center " Compression, tension, com pres· toof length of henm and about of ength of beam and 7 inches sian, tension. 

2 inches from huttom edge. from top edge. c: 
SI; I-inch rotten knot 31 inches I_____ do_________________________ _ SI; clear _______________________ _ 	 t' 

t:"2 	 SI; IJ4·inch sound knot 37 inches Compression, splinterin;: tension. 
from center of length of beam 	 from center of length of beam t:;
and a inches from edge. 	 and i inches from tOP edge. 

3 SI; 1\~·inch soumi knot 37 inches I_____ do__________________________ SI; l-inch sound knot 12 inches SI; l!+inch rotten knot 22 inches Compression, spiral gruin ten· 1-'3 

from ccntcr and 2 inches from from cen ter 01 length of beam frolll center of length Of beam sian, horizontal shear. ~ 
edge. and 6!'i inches from hottom and 4 Inches from top edge. 

edge. t~ 
4 lSI; clear__ •__ • ____________________L___ dO_________________.. ______.. 	 SI; clear ______ •_________________ Slight spiral grain tension, bori-S2; I-inch sound knot 2~ inches i l" 

from center of length 01 beam zontai shear. 
and 3 inches frolll bottol1\ edge. 5 1_____ do____ ._ ._._ ....______.. ____ .. I_____do____..___......__________ __ 	 _____do______________ .____________ Compression, slight spiral grnin SI; ~~-inch sound knot 0 inches f::1
from center of length of beam tension, splintering tension and 
and II inches frol1\ bottom horizontal shear. fIl
edge. 

6 S2; H~·inch rotten knot 11 inches I. __ ..do________.._______________ __ S2; 2-inch sound knot 8 inches SI; !~·inch sound knot 6 inches Compression, spiral grain ten· o 
frolll center of length of beam from center of length 01 beam from center 01 length of beam sian, horizontal shear. t;l 
nnd 4 Inches from edge. and ·1 inches frOIll !,Op edge. and 5 inches Irom top edge. r;;

SI; clear____• _____________________ 1_____do_________________________ __ 	 Sl; clear_______________________ _7 S1; I-inch sound knot 5 incbes Oompression, splintering tension. t'3 
from center of length of beam 

8 1_____ do_____________ . ______________1_____do__.._________________..__ __ near top edge.\ 	 o 
S2; 2-inch soune knot 31 inches SI; I·inch sound knot 15 inches Compression, splintering tension, '=:l 

from tenter of iength of beam lrom center of length of beam brash and splintering tension. ;.
and 6 inches from bottom edge; and 2 Inches from edge. Q
2-inch sound knot 40 inches 
from center of length of beam i::s 
and ~ inches from top edge. 	 a 

9 I SI; small bark pocket 14 inches I...__ do__________________________ _ SI; clear______________________ __ S2; 2-inch sound knot 13l'!! inches Compression and brush tension. 
from cenler at edge. 	 frolll center of length oC beam 

and 2 inches from top edge; ~ 
2·inch rotten knot 28 inches c:: 
from center of length of beam 

and 4~4 incbes from bottom ~ 

edge. 


1 SI, S2, S3, lInrl 84 designate grlldes of timbers representing 87H, 75, 62H, nnd 50 per cent, respccti\'ely, of the strength of the elenr wood CU. S. Dept. "\gr. Cir. 295). 



10' S3; 2·jnch sound knot 21 inches 81; clenrwlthsomewnnentend .••do •.•••.. _••• _ S3; 2·1nch sound knot 21 inches Compression, brash tension. 
from cenler of length of beam i from cenler of length of beam 
and at etl~e. and at lOP edge. " 

11 II82; nbouL It';·inch sound knot 36 82; nbout I>...inch sOllnd knot $2; 2·inch sound knot 36 Inches I 81; I·inch sOllnd knot I'> inchf-~ I Ilnll'h tension. 
I':' inches froUl center of length of 22 Jm'hes from (.enter of length frolll cenler of length of beam from ('('nter of length of beam ,t,. beam and at the eelge. ofbenm !IIl\13 inches from edge. lind euends to top edge. and about I inch from bottom , 
i'3
.:... 12 81; 1.ln.('h rotten knot 16 inches I81; c1ear_••_••_••• _••••••••_.... 8J; denr exce/lt for I by 3 Inch 82~~~i~ch sound knot If>' ~ inches Compression, simple tension• 

from center of length uf beam spike knot near support. from l'Cnter of length of bcumr !Ind ]' i inches from edge: I·inch and 2 inches from top edge. 
~ rott~n knot Ij inchc~ from center 

or length of hellrn nnd 5 inches 
~m~~ I I 

]3 ::;2; JI.,·jnc·h roUen knot 12 Inches 81; bark streak ]!.~ inches wide•• $2; 1.1.,.lnch rotlen knot 12 inche~ I $2; Poi-inch sonnd knot 32inches i C'omprf-o;:;ion, simple ten,ion,1. 	 from center of length of hCllm from ('('nter of Icngth of beam j from ('enter of length of beulIl, simple tension. 
nnd lit edge. nnt! at lOp edge. . at top ed~e, , 

H SI; deuz· .......... _._ •.•••••••...•• SI; denr •••.••••••••••••••__•••• 81; c1cur•••__ ••_••. _._ ••••_••••• 82; I'5-in!'h sound knot 2iH Compressi?n, spirol grnin ten· 
· 	 I 10('11('5 from ('('nter of lenglh of '. sion, honzonlnl sbenr. 

beum and 2 inches from tOJl : 
: c<l~c. 	 : 

15,_•. _.dO........................... SI; clenr exc-ept for pitch senm :11; 2·irwh sound I.-nOl -1 Inches i :11; c1eur••••••••••••••••••_••••• : Spiral grain tension, horlzontnl 
12 Inches iong beginning 30 frolll eenter of lenglh or bcnm . shear, buckling. 
indieS frolll ccnter of length Of nnd 7 inches from bottom edge.ll ~ 

r 

1 	 bcnm~ To
10 :_ ... _do.. _.• _._._ .. _ •. _.. _._ •. _. 81; I·inch rotten knot 20 inches :11; l·inch soun,1 knot 27'5 inches ••••• do••••• _••••••_._••••••_..... Comprc"-'ion, sptml grnin ten- .....-,I 	 .frolll c('nter of length of be,ull from L'('ntcr of length of beam I i ~Ion, horizunwl shear, ::-

I and I inch rrorn edge. lind 2 inches fr01l1 bottom edge. 
l'i j.....do.•••••.•••.. ___ ............. 8.1; denr blllshows 50mu wane 81; I·inch sound knot 3S incllf-'i 1.••do••••__ ••••••••• __ •.•_._._•• Slight tension, spirnl grain len· 

at end.. from center of 1('ngt11 Of beam, siou nnd horizontnl shenr. ::>I 	 and 4 inches from hottom edge. : , 
::i: 
;:)rs 181; Ilny of three I-inch sound II81; cleM f-XL'Cpt H IW 18 inch SI; I!I.l·i nch sound knot·15inches i SI;I!I.l·inchsoundknotI8Inchf-~ IComprc.'l"ion, spirnH:rnin ten·

1 knots, 2.5, 2:1, lind 2 inches ro- hark slreak beginning 4~~ froUl ('Clller of length of henm: fr011l ('euter of length Of l}()lim sian IIml horizontal sh.,.tr. fh 

I spcctin'ly frOllll'Cnter of length inches from center of length nn,19in('!ul:; from bottom edge;! lIlld 31ncha, from top edge. 

: of bellm. of beum. consIderable hllrk. 


19 : 1;'1; I·inch rotten knot 3$ inches 81; ' ..-inch rotten knot i"~ 82; 2-indt rut ten knot 30 inehcs !S2; I·iIu'h sound knot 24 Ineha, I Horizontal shenr and h"L~h ten. 
; from rcnter of length or bc;ull 1 inches from ('enter of length of fr01l1 (:enter of length of beam I from (-enter of length of beam t .sion. 

nnd I!.jj iIwhes rrom edge. hc;mt about 3 Inches frolll edge, and OH inches from top edge. lit top edge. 1 
~':':I; clenr•••_._._ ••_•••_••_.__ ••_.•• 81; clenr ••••.•.•.••••••_••...._. S2; 2·inl'h sound knot S luc·hes I81; clear.'-.".-'.'.'."'._"._·i COlllpression, h,rlzontlll she.!r,

' I from l'onter of length of beam , spirnl'grain tension.t	 . I lind llbout 4 IUl'hos froIll upper t 

edge. i 


21 . Ba; 2·inl'h sound knot 11 inches jl •••••dO••__•••••_•.••.•_..•.•.•._ S3; 2J4-inch sound knot 7 inrhes •••••do••___•••••••_••_••_••••••• 1 ('rosS'b'l1lln tension, horizolll:!1I 
I 

from <:C0ter of length of bc;lm froni center of length of llellIll : ' shear, hrush tension. 
lind 4 1I1l'hes frolll edge. ' find I inch from top edge. ,2'21 SI; clear_···_··_··__••__· __••_____1SI; cle:lr hut shows some wune 81; I·inch sound knot 3 Inehes 81; clear hut shows some wnne : Spinl\·v.ntin tenslon,('omprao;:;ion, 

near center, from center of length of bCllm I' near center. huckling unt! splitting.
I and 5 incites from top edge. 

O~ 
c.n 



------------
~ 'L\JU,E 15.-('/assificalion of green western hemlock structllral limbers acconling to gradc-ContinuC'rl 	
~ 

.. -. ~- ~~--. ~----.-----

nmde Qf clH'h [:1(1) as determine.l llr knots aml size nn.llol-:ltion of liJJlltin~ knot -..;: 
Character of failure in hen·ling in .-,

")~~~::;'"l order of occurrCJl,'I' 
L"pper fnee 1..0\\"(,T face Side face Side fnce 	 ::::11\"°'1 (a) (0 (b) (d) 	 z 

;:; 
;;.~31' ~l;' ;~;l~l sO\;:;~;;;.ql~ inche,!::;I; har:::.lk 2 ir.ehes wl'!e. s 1; J-int'11 rot-ten knot 30 in('hr~ ~J; l-iJu'h :.;ound knelt :\,1-1 in('hes i Comprc!-o"!"ioll t lmt~h ten",ioll ~ul;l 

. from ('enter of lCIl!,!;th of beam I from {'enl er of length {J( hl':UIl fronl ('cnler of length of heam I simple tensioIl . c:-' 

I 	
I·1lI}!1 tit edge; l·il1('h sound knot. r, nn.1 73 li inehe:; from top er!ge; nll(1 (11 top edge. to 

inches from ('cnter uf length of l·in('h ,olInd kll.,t II inches .. 
beam lind 1 inch from edgo. from ('cnter (!f length of b(l,.;11n 

and 51 ~ hH'hes frCllJl hollom E: 
r j c(l~c, t=J 

2-1' :'>1; 1·1m·h sound knot 2S inches I SJ; clear ••••••••••••••••.•.. "I; 1!i-iJwh sound knol ;; iJlI'hcs 18J; cie:lr -.------...-- ••• --- _ - IUorizontlll shear, hnl"h ten,iOD. ;-3 ....[rom ('enler of length of beam from ('euter of length of hC<.un 

l1ud I inch from edge. unci .1 1 2 hwhe":i frUIIl toP edge. 
 ~ 

2') ~2; I t"z-hl('h $ollllCl knot 38 hwhcs 81; bnrk~trenk I hwh wl"~ hr:JO I.:>S:!; I~{-ifh'hsnund klWl ~.!il1('he... ~1; severnl bnrkstrcaks 2~ .... _ .. _~_, llorizontuishC:lr. 
frotn t'l'ntcr of length of be:.lIIl ilH'hesluug bc~innjnga'l IIH'hcs from ,'(!utcr of length of be~lJJ1 l:> 
IIml I hl(·h frolll edge. frQIll t'Clltcr uf length to hr,:ull. :In(1 at WI' edge, lllso hllrk i 

11 	

co 
~_~ I 	 . 

82; tj{·i1lC'h ~OlInd kne,t lit ('clllpl' ';2; P.·im·h sound knnt \l inchcs . 81; J-inl'h sound knot 0 inrhe.' i Horizontnl Shellr, simple teo,ion. 
fcom center o[ lengt h of he:lJll of longth of bellm mid 2 inclws ; from I'cnter o[ length of hC:lJlI from renter of length of beam ~ 
nnd nt tho cdg:e; l-iJlt'h ~ouud frolll edge. . nnd 2) ~ inches frolll bOltom nnt! 5 inchcs frOlll top.' Ul 
knot 24 inehes from ('enter o[ c'l~e. 

length of hcam nnd nt the edge. 


2(; ill; I·inrh sound knot 5 indlcs 

::l..,2; 1!'~-ill('h sound knot. :r; ilwheg SI; I-indl sound knot ·13 in('hes IComJ)re..~sion, horiz.\JJlt~\J Sh(\lr, 
inehcs frolll ('cnter of length of from eenter of length of bC:lIn "0 

27 g2; H{·ineh Found knot :16.1~ 82; H~-In('hsollnd knot 3n iI1('hcs 	 t;jfrom I'cnler of len~th of hl"lIn fcolll ('entcr o[ length o[ heam spirnH;rnln tension. 
heam HUll ut edge. nnd 3 in('hc.-"; frolll edge. nnd 2 inl'hes from boltom! nnt! 3inchcs frolll top edge. I 

cd~c, I I 	 :-' 
2S 51; dellr ••••.••.•• _•• _. __ ••.•••• __ SJ;rle:lrwitl!somewnnentend.• 81; de:lrbntsomewnnentend._. S3; 2-inch hark knot 10 inehcs I I!orizontnl shellr, hrllsh tcnsion. o , frolll ccnter o[ length o[ bellm' '-=.l 

i lind 1 inch [rom top ed~e. I I 
2ll __ .do_._ •.••_•••.•.•..•••••••_••1 SI; dear _•••_•••_........ 82; 3·im'h sonnd knot 1 in('h - SI; ('!ear except forn J·im·hsonnd Slight spirlll·grnin ten,ion. huc·k· ::

frolll eenter of len~lh of be:un. knot 92 Inelle, from center of ling, rompres!:ilon, horizontnl o 
11.,.1 7 IndICs frolll hottom e.lgo. i length of hearn.' shClr. :::l 

8 
cj

, A rotten knot lind rhc('ks \Voult! prohllhl~' mnke this timhl'r lInncceptnl:le in uny strength grode. t:"' , Probnhly ('ontnined sOllle ~h:lke, hilt not reronle.I, 	 ;-3 
• Seriolls dc('ay woultl tlutke this tim her ullllt'ceptuhlo in nny strength grndc. <:i• notlen kllots, cherks, ;UIl! ~rt;S; grain would mllke this limbor ullnccoptnble in tllo S2 grade. 	 ;::1 

t=:l 

,. 	 - 

http:har:::.lk
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TAIlLE 16.-Classijication of air-dry u'('stl.'TTl hemloc/; structural timbers according fo grade 

(The letters a, b, c, nnd d denote the Successi\'c fares oC thotiUlbcrs (clock\,isl') when viewed f:cm the butt end] 

Gra<1~ 1 of ench fnee as determined br knots nnd ,ize and location of limiting knot 
:<pc('i· ChnraClcr of f:lilure in lJ('nding In men 1:pPcr-f,~~-e-----!-----L:::~-----r---·---~~"f~('C 	 order of occurreuce -"0. t:i,le fati! 

raj I (ej , tOl (d) 

----! 	 --,,---- 
30 SI: 1·in(·h rotten knot 10 jllrlle~ ~1; 3.i'-irwh rottl'n knot 12 jn('ht,\~ ~I; l·in('h sonnd knot HJ jnrh~S' ~l: I-inch rottt'n knot 10 int'he,s IIIUriZOTlUll shl'ur, hntsll telt~iOIl, 


frolll ('enler of leo\(tll of beulIl from renter of len~lh of hCUl1l from eenter of length of beulll from ccnter of length of beam splintering tension. 

and at edge. IIn(\ 2 In('he~ from edge. . lint! l~ in('lIes CroPI top edge. nnd nt LOP edge. 


31 il2; IX·inch rotten knot :12 il\('hes ~l; clear except fnr 2·l!\('11 sounet : il2; 2.;01·11 rolll'n knot 'I~ in('11I'5 il2; 2·incll sound knot 43 ;11('ll('s illighl spiral grnln lensioll, hori· 

from t'entpr of length Or hc-nm knot 72 Im'hes frulll eelller 1 frolll ('('nter of length of IJC!ulI (mm ('cnter of \('nglh of bemn jlWnWI shear, spiral grain nnrl 

ol1d at eligr. of Icngth of bell III nnd Ii indies' Hlllillt lOp edge. nncl3 inehes from hottOlll ed~~ splintering ten$ion. 


from edge 

32 I ;;1; clear hut CQnt3ins I~rgc ill; clcnr...... _.••. __ ....... _. :<1; ('\~lIr hilt shows some ('heckg 1'1; I·inch rOLlen knot 2·1 lfl('he~ Tluckling: horizontal sheilr. ~Jliral 
 ;;.,\mount of ndvuIlt'cd de('ay.. nml wane. 	 from ('cnter of length uf t){~lIU 1 grain hmsion; r()mprcs.~ioll ilL 

nnd nellr LOp etlge. prulluhly 70,000 llQlllld,; wtni :< 
;;. , 10ur1. :.n 

~3 I M; 2·ioch sound knot 40 in('hes SI; clenr but conrnin, some ill; l·in(·h sound knot 10 in('hes il3; 21~·ill('h sounrl knot ;12in('he' Ilorizonlnl ~henr, slight spinll ..,
from ('enter of length or heam checks. from ('Clller of length of hellm from center of Il'ng(h (If hemn grain tensiun, lind splintering ;;.
and /iIi inehes fmm rrl)!c. Hnrl 7 In('hes fr(jfll lOll ed~e. nnrl nt tOll erlge. tension. 

34 I 82; ahout Ih·in('h sound knot:ln 81; clear................ _....... :'2; jl,i-jnl'h SOUIIlI knutl; indll's ~2; ullollt a 2·inch sound knot 10 Irrl'gulor h'TlIin tl'n~iou. rOllllne" 

inrhcs from ('('flier of length of fronl ("(Inter of length of h(\lfl1 inches from tcnter of length of ~ifm. hnrizomni shear und 
 ~ beam and ilL edge. and rxteurling to within 1 im·h 	 hean! nntl OL LOp ed~e. brash tension. 

~of upper edge. 	 ::;)
35 I ~I: dear hut contnins some IS1; ('Iellr but cont'lin< ~Oll,e SI; ,'()nlllins stroak of well lid· ;;1; I·inrh 5011UU knot nbout IS Diagonul grain tension, :.n 

checkS. checks. 1 \'lIu('ed ,le(,lI), ~I~ inches wide ilwhes froll! center of length of I 
and iti irwhes IOJl~. he:lIIl nnd 10 indll~s from hot· 

toIll edge. :I 	
I 

36 181; '·ineh sound knot 22 inches I SI; clear but contnins some wnne 6,1; 4·inch sound knot, 44 inr'hes 82; 2·inch sound knot 4f1 inches i \I orizontal ~he"r. hrnsh tension 

from center of length of heum, and checks. from ('cnter of length of hen.Ill from center of length of hcnm lund slight compression. 

nnd 4 inches froal edge. )' and ahout 2 inr'hes from toll nntl ahout 5 inches from bot· 


edge; 31 ~·iJl{·h sound knot 2I-i tom edge; ulso l'hcek nnd wnne. 
Inrlles from ('l'nter of length 

. of heam and :l inches from top I 
I ed~e. . I 

37 lSI; {'Ienr.__ .._...__ ..._........... SI; ('lenr.........._..•._........ 1 82; 2·irll'h rotten knot 28 im'hes ~1:clenrbutshows~olJleche('ks.•• lloriwntnl shear. 

t i from centcr of length of hl'lIm I' 


• 1)14-" •• _ I 	 : .'0 l!ud. 6 in~l\es frc~m !oJf p~Jge. 1" "t ~ 1, r·. i
38 I S3, _,._ mch sonnd knot 4 lllche•._.__do...._.._................... "I. i-llleh ,ound kno, _.~ lIlrhes Sl." ~." eh rolten knot 2() lllches ))0. 


from center of length of bellm i from center of length of heam froill t' nlcr of length of beam 

at edge.: "llom3 inches frOlll top edge. IIIHI l~ inches frolll hollom 


edge. 

I S1, S2, S3, and S4 designate grades oC timbers representing 87)1, 75, 62)1, ami 50 per cent. respccth'elr, of tile strength 0: the c1enr wood (I:;. S. Dept. Agr. ('irc. 2(5). 
~ 
0...1 
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TABL}] IO.-Classification of air-dry western hemlock slructural timbers according 10 grade--Contillucd '~ 

00 
,--~----~--~- I 

': Omde 01 each IUl'e as determined by knots lind slzo nnd lorllllon 01 limiting knot I 
~ Sped'l ,__ ~ __ ~_ ,_._._.._____" ,,, __,~__,, ' ... ____ ---" , .. ---- ---.-----, jCharacter 01 luilure In hending in t;j 

';{~I~ j 1"pper lace l_ower Inm :=:ide luce :=:ide Iq('{l order 01 occurrence @ 
__1 (a) (el Ib) ,~_____! Cd) __•____ ._____ !Z .... 

o 
30 It :=: I; dear hut shows some cheeks l:H; rlNlr hu t ~how$ sOllie cherk,;. . :-'2; 2.m,eh rot ten knot I~ indIes :=: I; II i-im'h son nrl knot :''0 inches III orizonwl shear and slight SI,irnl

" lrom renl,'r uf length 01 beam from «'nter of length 01 hemn b'fnin tensioll. ~ 
nnd 3 iudll'~ frum tUI' l~dg(', nncl9 in('hcs frnm hOltO,1J edge. c:I 

I 
.;0 ,S3; 2-jll(·h rotten knot 24 inehl's fil: cleM el('cpt lor two knot~ IS2; Jl~'1I1C'lISIllIll!1 knot !!1)inrh,'s Sl; 2'lm'h sound knot 10 inehes , filigl,lt. spirol gr~ill and bra.h 


froIll ,'('nter of length of hNllIl out,ldeoleenterhnlloliength, Irolll ("('Iller of length of beam Irom ('enler 01 length of benm 1 tenSIOn, 
 r::: 
t"lind:! il\('hes frolll cd~e. I lllltlllhoul 11.., tndles frolll lup lImlS inches IroUl bmtom edge. t t" , "II~". 1 t;j

41 ~I; rlenr :=:1; ('Ienr hut shows dwrks .... _ ! S~; :!'Ill!'11 sound knot 42 IIl1'h,,,, :=:1; t'leaf but shows SOIllC checks, .' Horizontal shear. 1-3(rolll ""Her flf lenglh of be-un! II I unci :P'J lrwiws (rnm lOP edge. ;a
-12 ! ~2; 11 ~*in('h sound knot Ii in(!hC'R B'!!j obout 1\ l~.i·inrh soomi knot I ~l; l·iJwh !{Iuke knot :10 Illdw.s ~2: 2-hwh sound knot :.!I inr11l's '1 ~li~ht tension, brash and gim111e. 

F from ('(.'11t<-( of ltlllJ,::th of h~am nhout IS. iod1l.''s' from ('cnter oC {rHIll ('cuter of iNlglh of h~lIll from ('enter of length of ht,~lm tension, slight ('nmpr~i()n. ,,> 
,111112 inch!)s from edge. length of hellln nnd 3 inches tln<l"llenlhug lIJ top r'Il'!l. and 2 inches Irolll top edgl'. I~ 

front edgr. '" 43 t :=::!; t1,,·ill~h suuml knot 3 inehes SI; clear hUI containssollle hurk ,;:!; 2'IIll'h sound knot fl irwl\cs S2; Jlf·iu('\,souud knot 241n,'IHl.' I IIorlzonwl shenr, llrru;h '1IId 
from l"t'J1tt'r of iC'lI{!th of hcnm strcuks nnd l'Ill.!ck~, from Ct~nt('r of length of beam from ('cnter of length of h~!\Il1 t splintering tcn!'ion. ;:l
nnd 7 iIH'lu,'.."i frolll odge. and 3 itwhe~ front top Cdgl\ nnd t\t top l·dgl'. 

H 81;('lc~lr~_ . __ .. ~".~._~* •• _ ~:U;denr....~_~_~_ .. w_ .. __ ........ ~~ .. ~&" g2:2!.r-il1t'11~l)lwd knot 7 Irwh(lS SI; ?i-inch cIll'nsed kn()1, 25 in- lrrc!:ulllr graill tell,lnn, ('ollll'rc-,· 'Xl
11 

, frolll l'(lJlt'~r of l~nWh of heam rhes frolll t~nl(1r (If ltmgth or Sinn IInrl l>u('klin~, horizontnl 
i and ~ltcnding to bottom erige, be.~m nnd 5 inc'hc.' Imlll tOll , :;he-ar, ::l 
, ~a' :::l 

4.3 I ~ 51; clC::'Ir t\x('ept~hows snIllCl'lll'l'ks~1 SI; clt'nr except shows somc B2; 2-hwh sound knot ·15 inehc.o; ~1; l'h.mr lmt ~ho\r~soJlle [-hecks IIInrizontnl s!war. "1i 
cheeks. I from ('enter of length of hel1m ;3

1111(12 inches frolll hottom edge. 
46 I t':1; clenr.. ..._ ................. i SI; "lenr but shows some wnne •• : SI; 2-i",'h sounel knot -I-Iln('hes I t':1; d,'nr hut r"ntnin, SOllle Horizontal ~hl'ar, ~plrnl grain o 

, , from (','ntl'r lIf I,'ngth of I",am t dle('ks lind Wllnr. temlon. ;,j 

lind 0 Inches Irom top edge. i 
47 :=:1; ('I(,llf hnt shows sOllle bark ~ I; denr. ..........__ •• ~J; clunr hut show.c; $OlllC ehccks. i $2; 2·lndl sound knot :U; in('hl's I Ilorlzuntnl shellr. ;:.. 

oi Irolll ('cnter oIl,'ngth uf jwam IIstnl~lk JW:lr cnd .. ;::Jnud la irwll(ls from huttom H oI ClI~l'. I 
~8 SI; j·in"'l rolten knot 5 in('h('5 ' sa; 3·inch burl (lI) lnehes frolll S2; 2-inC'lI ~ound knot 19 inc·hcs I S2; I·int'll rotwn knot 3.1 irll'hes lIorizoIHul ~hcnr, splilllering c:l 

frolll c,'nter of length of b"lIl1l t cenler 01 length 01 henm lint! from ('cnll'r llf I,'ngth 01 h,'jlm I' lrom e,'nter of length 01 beulIl tension, t" 

lind 1 ineh lrolll edge; j·[n('h 1 41" inches frolll edge. nmlS im.-hl's from hottom edge. and nt LOP N1g(~. 1-3 

rotten knot 19 indIOS Irom I 

t'('Il! I'r 01 length or heum lind 4 . ~ 


t;jilwl1l'S !rolll l'tigo. I 
49 133; :I·in('ll sound knot 38 inches, sa; 2-lnch rotten knot:lI Inehl's 8:1; 2-lnch rotten knot :1I inches 'I S2; I"~ Inch sound knot 22 inches Brru;h nnd dingonnl grain tension. 


frolll 1,<,lller 01 length of bcmn I from center of length' of beanl ' frolll cent,'r of length of beam, Irolll c,'lller of length 01 beum 

und 4 inches frolll edge. and at edge. l 
 8IHI nt hOtlCllIIl'c1ge, • '81ll1 2 inehes frolll top edge. 

~ 
~ ... 



50 I 82;. I\~-inch rottcn knot '.0 inch~s I 1':1; clcar.. ___ •••••_._•••••••••••. , S2; 2·inch sound knot 2"2 inches 
Irom center o( length 01 h"Rm I Irom ('ellll'r oll~ngth 01 helllll 
and Hi Inches (rom edge; 	 6.1~ incl...., Irom top l'dgl'.
e!leeks. 

51 I 81; cll'nr except lor bark streak Ilt ...••do••__ ••..••..•••••_•••••.••• $1; el,'ur ""'I'l,t lur 1·lnch rotten 
outl'r third. 1 knot I;;; inel1t's Irolll center 

52 I SI; clear .••• _........_••••••••••••1 81; cll,ar Clt'Cpt I-inch 	 rottcn 

knot near t\od. 

53 I. ....do•..•••••.•_._ ••••_._•.•_••••1 $1; dear. __ ._ .... _••.•• __ •• _••••_ 

54 I ~l; cJcllr (llt'<'pt it shows some SJ: clear but shows some wane __ 
dll'{'ks lwd wune. : 

65 81; rlear c,('cpt lor I-inch rotten I81; c1cnr........._____ ._ •• __ ••••• 

knot Hear t·nd.I 

56 S2; I}..•-inch sound knot 3U inches 81; checks Ilnll bark. _____ .......: 

from t'cntl'r of lllngth of heam 

7 iuelil's from (I(lge~ 


57 S3; 2·inch sound knot 3 inches SI: c1ear••••.___ ••••• __ ..• __ ••• __ /i 
Irom el'nter 01 length 01 beam 
nUll t inches from mlgo. 

58 S2; I~J·inch soullIl knot 5 inchcs S2; IH·ineh rotten knot 36 inches 
lrom cl'nter 01 length 01 bellm I Irom (Cnter 01 length 01 bellm I 
nnd neur edge. and ncar edge. 	 I 

I 

lind check:;. 

SI: [I~-h\('h sound knot 18 
indws frum ",'nt"r 01 length
of heum and Pltrnding to 
within 1 im·h of top (·dgt'. 81; I-im·h sound knot 31 inches 
Irolll C('lIll'r or lengt h 01 hl'am 
an, I 11 ilwill's Irolll top fuce: 
chl'rks. 

82; about 21.~·ioch sound knot 
2.) inc:hcs from (;enltlr oC length 
01 beam and 9 indIes Irom lOP 
l~dgl,'. 

St; rieur ,"('ept lor P~-ill('h rot
tt'n knot 9 Inehes IrOIll toJl 
~dgl' twar t.'JHI. 

83; 4·irll'h sound knot 14 int'hes 
from ('Cnter olll'ngth 01 beam 
and ahout 2 inches Irom top 
edge; cill'l'ks. 

82; 2-inch sound knot Zi in('hes
from l'l'l1tef of lengt h of benm 
and 12 inches froIU top edge. 

S2; 2H·ineh sound knot.J Inell(>s
from (.'('nt(lf uf length of beam 
allli about 5 incbes lrom top 
etlgc~ 

SI; 1~-2 InrhsollDd knot 37 inches Ilorizontnl shl-ar, lurther dl'\'"I
Irolll cenh'r ollengt h 01 heam opnwllt of horizontal shenr, 
nnd 7 inehl's Irom bottom brash tension. 
NI~l'. 

SI; I·indl sound knot 3~ In!'ill's ,Ilorir.ontnl shenr, spiral grain
CrOUl ('l'uUlr of I~ngth of ht'nlll' tension. 
nnd 10 inches Irom bottom 
edge.

SI; J·ineh rotteo knot 41 inches Ilorizontlllshl'ar,horizontalshear 
from "('nter of leogth 01 beam ,1nd brash t,'oslon. 
and S inches Crom Cdgl\. 

S2; shake_....... _. __ .... ___ .....i l1orizomnl shear, further de\'el
0plllent 01 horizontal slll'nr nnd 
but'kling, irregulnr b'l'ain ten· 
sion. 

SI; tillar hut contains some Ilorizontnl shl'ar, horizontal 
cherks Ilnd wene. ! shear in top hall, spiral grain 

, t~nSlOn. 

ill; I·inch sound knot 2'2 inchcs , Diagonal grnin tension. 
Irom l'l'nier 01 length 01 beam I :.
lind 4 inchcslrol1l boltom edge. 

SI; l·im'h sOllnd knot 24 ind1(~s Ilorizontnl shear, spiral grain s: 
from ('cuter of length of heam tl'nsion, compreSSIOn, brash U2 

~Ilnd 10 Inches Irom bottom H'nsion in portion IIbo\'" shenr :>cd~(': (·hecks. failun'. 
81;I·in"h sound knot 7 inches DrllSh and spiral groin tension. 

Irom ('('nll'r ollenglh of benm ;;1 
o 

edge. 
and 13 Inches Irom boltom o 

::;;JS2; Ih·ineh sound knot 3:1 inches ISpiral grain tension, horizontnl 
frolll center ollengtb 01 beam shear, splintering tension. U2 

Ilnd Ilt top edge. 

~ 
c:o 



TABLE 17.-C/aSSlflCaliol! oj gn'ell Sitka ,~prl/Cl' structural aUlb('t,~ according to grade 	 -..l o 
[The letters at b, C nod d denote tb~ StIc(>('ssiYC rare~ uf tlw tlIllher-, 1do('k\\-t.-ic} when viewed [rDIn tbe hutt end}J 

s 
Grntle' uf each furl' as determined by knots ami size and lucution of limiting knot ~ Speci· ~_~_~__ ~_~. ~~.____.. _______________________ 	 ,.,.,

Charnrtcr of fuilure In hcn,lin)! in ,..., 
order of oeC'urrel1ee Z'*~~ {'PIler face 	 1.ow.'r f:l('e . Side fuce I Side fnee 

(0) Ir' (b) (dl 	 ~ 

, I 	
~ 

! ::;1; ('}enL __ ~~~ _____ .~.~~~_~~ ._~ ., 81; ('Ienr . ~1: ('lear.~ __ .. _.. . .... ~ __ ... ~ ! ~l; cle:lr_ ... __ ~.. JIea,-y (·onlJlre'i~ion. hnlsh nnd 
; 1 i ~pirol·gralned tension, 

:;0 

2 : •••••do~. ~ ..... ~_ ..... ~~ .. ~ ...... ,.....d().. ~ •. I :'1; l':!-indl <1ll1111l kIlot30im'he~ ....IhL... ~ ....... ~......... llesvy('OmpressioIlntfourplHces 
~ 

! I I from ('enter of lungth of be, 'Ill , and slight rompre,;sion o. ~ I . .. irH'he< [rtllll top edge. :lIlothe, pl:ll'c. 
3 fU: I·inrll sound knot 35 inches ....do..........................1;;1; ',·in('h "'tllHj knot 3, itll'he< SI: Jlc·i!l(·h sounr! kuot I~ ill('h<'~ Coml'reSSitHl, hrosh om! simple ~ 

>-:: 
from (-euter tit edge. 'I 	 from (-euter,;1 itll'hes [mm bot· frolIl (-enter, ~ inrhcs from bot· ten.~iclll. ..... 

tolll. tum. Z 
4 SI; denr .. , .. ,._ .. ~ •••.do .~ .• • SI; rlClr ~~ • . . ~ . . ~I; rlenr ~ Compression, simple tension. 

5 1.... ~ __do~ ~_~ ... _.. ~ _ ~ ___dn_ .. _._"~_..... J .. ,.do _~ . . _ ._ . __ ..... _do.. . _ ~ __ ._ C'Otnprcssion, ~pirnl tension. t" 

6 I~ .. ___do _______ ~ ___ ._. __ ... ___ ,. _______do__________ ~__ .J ::1; Pz.-iu{'hsuutlil knot40irll·hes .... __ do.__ --- .... -1 Compressioll, spimJ·gmined ten- l" 


, I' from ('cnter, ~ in('ho< from 1>0t· . 	 sion nnd horiz'lnwl shonr. 

......do .~~ ................... _..I .....dO........ , .. ,~ ....._....... Sl~()(!~dr.... _ ... ~.~ .... ~.~.~~.:~ ....do........................... ('ompres.,ion, horizontal sh~ar cj
: 
I 

and hmsh "ud spiral'grained 
: tension. :r.S 81; 3.i-indlS0l1ml knot 1 inc'h from _____do___ . ~ __ ~ _____________ .. _____ ~ I; l·inC'h sOlultl knot H4 inc·hes .8.1; P :.:i-im'h snunt) knot 10 inrhcs C'ompre..l\.o;ion. }lrtlsh nnd spiral-I 

l'euter nnd 1 iU('il from edge. 	 from {'onter and ·f ilwhes froUl' flurn ('(lDter,·1 iIl("he~ (nuIt tup.' gf'lincd tension. ':::II hottom. 
g Sl;('l~ar .... _~ ___ .. __ "" ___ ... ~M __ ~_ ~ __ ~_dn_~ __ .. ________________ "_~ ___ ::'l;rlc.lr. ____ .~ .. _ ~ __ .~ ~l;elo:1r_~_ ~ .. Compression, brush nnd siOlllle ~.. 	 1 

'I 	 tension. ~ 
10 f\1; 3~Hn('h sound knot 1l in('hes ....do.. , ... ~ ............... ~ "SI: I·in(·h souIld klllll ·10 im'hes ~1: [I".indl sound knnt 111"('hes • C'Olnprt,",'Sion. horizontal shear. 


froUl ('Onterand 1 itwh froI1ll'dgo. I frnll1l'Clltcr, '7 h1('hc~ from hot- from (-cnter, ~ indlC$ from hot- '

I 	 o 

":jt'lnl_ 	 It.HIl. 
11 SI; I·indl sOllnd knot 43 inehes ~2; II :)"iIlCh sound knnt J1iDl'lw~ .:';1; l' ",irll'h sound knot 21 inrlws ' SI; I·ilu·h s(lIlnrl knot 21 Inche< Cotnpre<;;;inn, hnl,h !lnd ~implo ::fronl ('Cuter and -t indtes from from l'enter anti 3 inl'hcs from I 	 from {'Onll'r, ·1 im-hc$ (nUll bot· i from renter t j int'hc~ from bllt-; tension t horiz.clUtal shear. o 
12 ~l~cl~~;IL_ 	 ~1~d(~~~lL_ .... __ ... __ .~ ... _ __ ~ -~l ;:;1~O:.11~ar~ .. ~ . _ ~ _ ~ ~ J ~l~°cl~,tr .. _.~ ... _.~ .•. _,_.~ __ . __ ' lIefl\"')" {·OJnln1~s.c.:ion, c·omprc..:· ;::::

4 _. I 	 ' sinn, splintcrin}!" tension. o 
13 81; P!!-inl'11 ~ounri knot ;i!l iI1('h(l~ ~1; l-im'h sonnd knot al ilwho!' ~1: }l:rindl sound knnt31 itwhcs Sl; 11 .!-indl :-;ountl knot 12 inc'he;;;: . COtnpreS!'ilJtl, br.\~h nod !'lmple ClI'. 

('" 

etl!.!o. hoUnm. 
rl 

flom (~nlCrullc! 1 itwh from cdg(l. Irllnt ('cnter MId 1 itll'h from 	 from ('Cuter. 2 in('iu!'s from trIp. frotIl ('t.'nter, 6 indie~ {rOln I~ tcn~irm. 
I 	 "3 

14 b1! (·lear..... ~_~~__ Sl; denr ... _ , __ * __ ._ ...... ~ _ ... ' Sl; ('le:lr~ __ ~_ ~»_ ... _.. _~... _. ~1; (,loar._._ *._ .... ~ .. ._~ ("ompre~"iunt hnrizOlnnl shear,I ~pir"l·grllincd trIL<ion. ~ 
15 ' ~l; l..!-indl sound knot 19 iudH!S _____do~_ .~_ ... ____ .. ____ ____ .. _~ Sl; 1 ~·iuch sound knot In iDl~hos ~~_ H_do ... _... ~_»_. _. ___ . ______ ._ ... __ ('om pru.,,,,ion , ~imI>le tcllsioll, t=.1 

from rent~r at edge from ''i)nter at upper "d~~; I horizont:11 she;,r. !lo·itwh sound knot 12 ill[>h~.. I 
from ~elll~r :llul n iu(·he< [mm I 
top. 	 . 

http:l;rlc.lr


16 ~j, 21'rindl :-:ouIlll knot Ii- 1m,Ill\.'" do. .1 ~1; lLrUlt'h ~pjk(' klWl ~ indl~"I <~< .. do. __ ("OlnpU'-.:-hIU. hflrizont't! :-.lle;,lr 

fwm l\'lller and :1 lIIt'h!'> In,lI( , (It,lll fi"tlt(lr, 1 uH'h Crt,lll lnp :llon~ \\ Jnd !'-llake. 

(\tlg(~, l\(lgt:


17 ~l~ d~ar__ ... ", _____ .....__ .. ____.... ,.,,~~_ tlo ~l; l'lt";,.Jr . ,fio ~ __ ("'ol1lprr-~·iHn. ~Hght ~jjtr,lt. 

I:!n.lm~jl tl'n.'''wn J h'lril!'tltal 

,..:.11('.tr. 


b ._uo•••••••••••••••••••••••••••....••dl· 	 ~l; 1 .. i.ul'1t Mluntl knuf '2fi int'lle~ .•10••• t ~t1mtm"':'1~innt lWriluHt .•l ...lH?,lr 
CrHiu (~nt«·.(. 4 iudi(,..... from :tllf },nt...h tlflfi !"pir:i.llt'"n:-ifIIL 

I 

: bunoUJ. 

1~ ~:.!, :2.. indJ S(luw:l knut H) iudw.... .oJ" .... _: :'1: '21 ... iudt snUI1tl knot l,; illl'he~ ~l; 1 t :.!,lUt h ~jund knot~) lI1t'hp~ ("umI>rP~,'·..iilu, 1;r.t.4~ an·i :"IJirJ.I 


(roUl l.'Cnu,.~r awl -1 int ht':- [rfllll i (mn; (-eUler ,1Illl..l Ni~e. (rlflll t1.'lltllr~ -\ inr-h('~ (r!llD t.!'lhiun. 

l~t!g(\ hottorn. "2·1udl ~.untl kuot 


!,fJ iudlf\, from (-entl'f nnd 1 

hwh (rom tOll. 

20 !"'l;dcar .•.. .:'~; '.hotn 11 rin('h knot 3(j itl('h(J~ , ~2~ 2·irwh ~nuntI knot 2 iudw:.; !"Ol~ :! lIH'h ...uull.i knut 2. in('hes Llf,ri}.maal ~h(lar :utll ~llhnl-
rUInt ('(-lIlttr :md ahollt ) t.I from ~"l'nter, n indIes (rnIll tup (roth l'llIltcr, -; hwhcs. froUl 1!rainl,ld It'n..,inn~ sJ,irlH~I"'..itne~l 


illthe., (rhm ('d~c. f..'tl~e. 
 top.· 	 leu~i()Il; ('urnVr(l~il,n, 

1~1, ~2t ~3. and ~·l d("I~aal.· J!'r.Ulll~ (If tiulh~f''' n~1)n\!"l\111 in~ ",;1 2, 75. 6212. iUlff rAJ pl~r ('('nt~ rt'~I1(ltliVl"lYt or the !"trength o( lhe dear ",,·ood. (G.:3. Dept. Agr. eire. 2'35.) 

'''I'lml gmin of 1 in ~ \'<lltltlmake lhl' lIruht'r ulue,,·pt.lhle ill all~' of the ,tnleLur...! gntdr,. 
 ::-

~ T.IBLE IS.-Classification oj air-dry Sitka .~TJ1·IICC structural timbers accordillg to grade 	 J.' 
~ ['I'11l' ](·Ill·.-,.a. b", tltlll d .lenoll· the ,ucrcssi,'c fUl-eg of the timbers (rllx'kwis,') when "iew,,1 from the butt cud) > 

~llnl.l~ I of rlll'h flll'l'US detenninell hy knots nnd Si::~II~I"I:(:ti'O~ oC limiting knot '"1 . o 
~~~~i. _~____ .. ___~____ ..~.... , Cho.nwter or failure in hendiu? in 

::;1 

:\0. l·ll.ler inee LOller faCll Side flll'C S. ille face. 1 oruer of occurrence UlI.. 	
o 

,_ •.___•.. (a) 	 leI (b) ~____ (dJ_. __..~__! 

21 B2~ 21 ';Hurh sound knot 'il im'hl's ~I; ('learM'~ 81; (·le:lr .......................J S2; I)~·inrh souull knot M inC'iws . Bueklin!!. Sillitting 1111(1 rompre,' 

{rom ('(lull'rnml nhout 274 inC'lw:; 
 (rom ('p·nl{\f awl about 21!,! !;[on; Sillll1ll' t(\n~ion; {'ompn':;· 

Crom l\(lgl'. , indws frolll topl·dge. ~ion; br.lti 1 and SiIllJlIt~ t(1lL~iou. 


2"2 ~l: l~·irl('h ::ound knot ")0 indles .... tlo.. ' 81;11,~·inrhsOllnd knot33inrhrs; 81; 2·1I1l'h l'ollud knot 51 ill('/W~ ~p!r:l1 gr:liu tenSion; sli~11t rom· 

from ('ent,llr Hud nt ('dgl". from ('llllt(lr nnd about -l,~~ from ("l'ut{lr find 2~·'2 h1{'h~.s Ilrc;;.'ion 1II11kr load hlock.
t 

111('\11'5 from top. . frOIll lOpl'!lge. : 

23 ~1. dear .... _ do.•.. 
 81; rll'ar••.. _.............. __ •••1 81; drilL.••_.................... Horizontal sheM. bmsh I"ll,ian. 

21 •.•••110 .. . tlo •.. .._ •. 110.... _.................I ...._do••••••••••••••.•.•..••••••. ' ('Olllprr;;"ioll. hmsh nll!l l'piml· 


f ~ l!I':'lltwd tllllsion. 

~. 	 SI: 2·ill('h ~oulld knot ·1.; Inehes f____ .. do..__________________________ , COUlJln'~ion; splintlt ril1g andB2; n~~irH'h souud knot 20 iJlcht1,5 do....-' from ('t'Htl'r :u,ci P1,'! ind1l1$ (rom 	 froIll t'tmll'r nml nL tall etigl'. I sJliral-gnlinl'd tensiotl. 

(~Ig(', 

I !O1, 82. 83, lind $-1 uesignllte gnlt!es of timber rcprt'senting S.~, 75, 02'~. lind 50 per t'llnt, respectl\·clr. of the strength of the cleM wood (t.'. S. Dept, Agr. ('ire. 295). 

~ ...... 

http:l'lt";,.Jr


TABLE IS.-Classification of air-dry Sitka spruce structural timbers according to grade-Continued 	 --l 
L\J 

Grode o( each tace as determined b}' knots and size nnd location o( limiting knot 
.-:3

speci-, t=:j 

No. lJpller (ace Lower (nee Side (lice Side (nee order o( occurren(-e 
men 	 Charncter o( (ailure in bending In 

oI 	
il1W 	 00 W 00 Z ..... 
o 

26 81; ~fineh sount! knot 11 inches SI; M-Inch sound knot 3.5 inches 81; I-ineh sound knot 19 inchcs SI; I-inch sound knot 26 inches i Compression, simple tension, ::.. 
(rom ('Onter nntl 2 inches (rom (rom (-enter lind 3 inches (rom (rom l-enter nnd 6 inches (rom ~~~~ (-enter und 5 inches (rom l'Omllression, simple tension. r" 
edge; J,f-hll'h ~oulld kllot !lIl edge. top. 

11 

toinches from ('enter and 1 inch 	 ,.... 
(rol11 edge. SI; denr..•. __ •__________ • ____ •__ 1'>1; dem___ .._•• _________________ llori1.Ontni shcar. i~ L~:!_~~~~:::::::::::: ::::::::::::J~!:_~~~~::::::::::::::::::::::::: SI; IM-im'h loose knol:'i inches f::1; I-inch sound knot 31 inches Dmsh tt'nSion, Slight com pres ~ (rom ("('nlcr lind 2M inches (rom ('Cnter lind 2 inches (rom sion, splitting. .-:3(roUl boltom edge. bottom edge. . Zi]1:::-::lg:-:::: :--::::::::::::::::::: :::::3g:::::::::::::::::::::::::::i.~!:.~I~'~_: :::::::::::::::::::::: _~_I:_~~~~::::::::::::::::::::::::: n~~\;~~~~ s~h~;. slight tension. 

31 I :'i.'I; '''i·ineh ><llllld knol 10 Inches _____ dO___________________________, SI; 1-IIIl'h SOI.l1ld knot 1fl inches _____ do___________________________ Compression, splitting nnd sim- L~ 

from ('entRr l1C'lr edgl,'. 	 from t'(l·nter, ~ inch frorr.. top ! pIc tension.. L:> 

(,<Ige.
32 181; dear___ .. _.• _ ........________00___________________________ 81; I-inch sound kIlOI 12 inches _. ___ do___________________________ Horizontal shear. 

(rom (enter, 2 inches (rom q 
botlom. 

---I-----do.--------..-----------..-..I 81: ele IT ... ____ • ____ • _______________ ..00..__ ... ____________________ Compression, horizontal shear. ::n331--·-·do----- ..
34 ___..do___.._._ ... ___ ..do__________________________ . 81; I-inch sound knol 38 In~hes :::1; 1-11ll'l1 sound kllot 17 im'hes 1I0rizont:ll shear. 

from l\}llter, (} indlcs frOIll tOil from ('(.mtlIT, G inches from 
edg('_ hottom rdge_ 	 t=:j

3.5 !__ ...do__ •______ .... _................ _do__________ ..___.._....____ 	 " <"j
SI; cl(l1r __ ~~.~ .• ~ ••• ~._~ .... ~ .. ____ 81; (·le:lr__ ~.~~ ........ ~ ... ___ .. _~ ...... _ Dnlsh tension. 

3ll ' 82; J.' ~-it1l'h sound knot 30 inches 82; 2-ineh souno Imot 51 inches 81; 17!!-illch soulld kllot 20 III('he5 :::1: I-illt'll sound kllol 32 iIll·hes C'ompre.sion, horizontal sheM 
 ~ 

(rom ('Cnler lit edgc_ (rol11 center neur edgo. (rom ,,'nter, 4 indlCS (rom edgo. (rol11 ('entrr ilL top edge. nntl dingonnl·gnlined tension. 

3i ! 5t; l-in('h sound knot 30 inches 81;1H·inchsound Imot i2incltcs 81; ~~·it\('h lool'C knot 53 Inches 1'1; I-itl<'h loose knot 127!!f' in('l1l's ']'ensiOIl, ('ompression, splinter· o


l ..,I (roll1 cenler nnd 2 inehes (rOIl1 (rom center ond nt cogo. (rom center, 6 incheS (rom (rol11 center l1nd 2;" inc lCS(rom ing tension. 

, edge. hOlloll1 ell go. top edge.


38 83; 2-inoh knot 30 inches (rom • 82; 2-inch sound knot i6 inches 82; 3-inch sound knot 32 inehes 82; 2-lnch soulld 1.:110130 illcltcs . TIorizontnl shear. 
 ~ ('Cnter ne.ar edge. 	 (rom center and 5 inches (rom from ('ellter and 5 inches from from t'l,'nter ncaT (:\!go. ;:::;
eoge_ top. I81; clellr ___ ....____ .._..________ 	 (339 82; 2-inch soulld knot i2 Inches 81; cienr except (or I-inch soulld 51; l·il1eh sound knol 10 inches' Dnlsh nnd simple tension. 

(rOl11l'Cntcr IIno 1 inch (rom edge. kllot iO illl·hes (rom center ano (rolll l'Cnter and 5 inches (rom q 
2 inches from edge. lOP edge. 

40 ' S-l: 3-in('h sound knot 2.1 inches 82; 1M·lnch sound knot 40 inches 81; 2-illch roltell knot SO inchcs S2; 2J~Hnch sound knot 2.'1 in('hcs IIorizontal shllllr, simple tellsion. ~ 
" rr~!n ('Cnter lind 3 inches (rom froul center nnll oj inches from Crom l'CIltCT, 8 inches from from l'Cutl1f, 3 inl'hes from q

;:::; 
t=:j

eugc. 	 C'dge. holtom. top. 



73 ALASKA WOODS 

III 011(' otlll'l' impol"tullt n'HPcct tile gl'lltlillg used differed f!'om the rules of 
iJeliartnH'lIt (Ylrculat' 2115, Hottl'lI kllots 11I'e 1I0t pel'lllitted III the SI, S2, and S3 
grude:; of tllut. ('in'lIiar (1;;), bllt ill the gl'lldillg S[.OWII ill 'rabies 15 to 18 the 
rottell kllots \\'('1'(' c:ollside!'e<i as if thl'Y had beell SOllnl\. Each timber contain
IlIg 011(' 01' ilion' I'ottell kllots ill <lesl!-\,lIuted ill the Tables 1] to ]8 by n}(!IUIS of 
a footnoh'!'l'fpl'l'lIce, 

Kllots tiho\\'illg a slight limount: of decay a!'(' prevalent ill a lIumber of species, 
Imch liS wc:;(('rll hellliock, IIlId II" is ill thl' illterest of lltill~atioll to permit them 
WhPII(I\'(lI' it. is feasihle to do so, A prlll'ticni \""Y to gl'adl' t1l1lbers with rotten 
kllotl; is to eomi\(I('I' them the :laml' 1I:l SllUlI(1 kllots wlll'lI the depth of till' !lpcny 
ill les::; thlill hll if till' (liametm' of til(' kllot. It Hhollid bl' kept ill mind, however, 
that thl' PI'(,l'l'II('l' of I'Ottell kIlOt::" l'VPIl though they .huvc 110 illlme<1iate effect On 
Rtl'ength is, ill !-\,l'lIe I'll I , IllHle::;irabll' ill high-gl'ade stl'\lctu!'ul timbers, 

It hilI; h('(,11 \'st.llhlisheli [1'0111 Htmcturnl-timbel' tl'HI:; thut a givell-sized kqot 
CIlII~(,H oilly lIilolit hlllt' [Ill' rc<lllction ill ilcn<llll~ strength whell on thc IIpper or 
el)llIpl'l'~sinll sid\' of a il(,lIm IIH whcli IJII thl' iowl'!' 01' tcnllion fllCO, Hence, in 
tI':;tin~ II ill'1I11l (lin'!'I'!'lIt· I'(,Hllits 1'011111 hl' ohtuilll'<I, <Iepl'lIaing Oil whethel' the 
1II0Ht kllots 111'1' t 111'111'(1 lip 01' <I0WII, ussuming. of cOllrse, thut: till' knot iii the 
contl'olling (11'1'1'('1. In t.hi~ eonnl'ction it hUll 1J('pn til{' Htllllc1l1l'c1 ForcHt Service 
PI'OCl'<lUl'1' in (I'Hling II! tUI'll the timhcrH with the poorer shle liP, thus resulting 
in hi!-\,hnt' 10ll<ls thlill \\'oui<1 oi)tain it' thl' fimhen; were I'('vcrsell. The principal 
lIiljl'<'t 01' t:hi~ PI'Ol'l'!iUI'(' iii to oblain informution us to the l'ffeet of knots in 
ClIlIlpL'e~Hion 1I~ wt'il liS in tllllSioll, III sm'vicc, of coursc, a heulll is apt to be 
us('(1 ('ltlll'l' wny, I hl'l'l' h('ing no IIHHurllnce that till' tilillJer will he ul:lCd mORt 
u(\vuIIIU!-\'POIIHly, 1;'01' this !'eu:;oll till' stl'uctul'lIl rul('1; of Departmellt Circular 
2115 anH AIIlI'I'ic'/l1l IlImlll'l' sbul(llI!'ds do not (listinguiHh hehvl'en till' tensioll Ilnd 
COlll11l'('ssioll flll'!'S of a IlCll III , Thi:; 11 rH ('tiCI' iH, lIf COl1rI;C, less eflieicllt thlln 
gl'lHlilig II timlll'l' in IIC(,() I'll 11 IIl'l' with itH most luivuntllg'eoul; placemellt In service, 
hut is 011 the ~i(]c of slIfety und, furthcr, hilS simplicity to commend it. 

GLOSSARY OF TERMS USED 

,M/' IlI-/l,-(Sl'e p, 35,) Air-llry condition is the normIII condition, with 
reSlll!ct to llIoistUl'(', of wood l'XiHlS('<i to thl' air, although this condition may 
havp bel'll obtained by IIrtilicilll IIII'II liS, The term" nil' dl'ied" means dried by 
('XIlI)SUrl' to thl' IIiI'. whill' .. kiln dl'icd" in(lieutes Ill'tifidal drying, All' !Ir~' is a 
vcry general 1('1'111 IIn(1 IIlny melln uny <il'g!'ee of !Il'yness [!'O1ll ahout: 0 per cent 
moisture, which IlII1Y hp ohtuine<i in V()JT dry ('limnteH, to OVl1I' 30 per cent 1Il0is
tUl'l', IIX in tilllhl'I' (1l'ied to rptillce itH shipping w('igbt, The degree of dryness, 
which will h(, uttllinl'!1 in timhel' deIJl'IHI::; upon species, size, and the conditions 
IIIl(ll'l' whiCh tilt' III Iltl'!'i II I is (Iril'tl, ellpeciali~' Huch nl; humidity, method of lliling, 
slwitel'. 111111 tillw of (iI'ying, 'fweLvp hy twelve inch Douglas fir timbers, when 
IIiI' Hl'lIsoncd in the I,lIk!' ~tnl"!'H, will filii to about ]8 per cent IIHlisture in two 
y('a!'H if prnpl'l'l," SPII('l'!! 10 llliow Cil'cullltiOll, Oue-iuch lumber of the ,same 
S]lecil's, 'pHll'I' til(' 1;11111(' ('oll(iitions, will d!'y to 15 per cellt moisture in cOllsl!!
l'l'lIilly ll'sS t.illl(', 1111(1 smllli-Hlzl'd timbel' d~'il'(\ ill very dry re!-\,Ioll:l will in some 
CIISl'!' reul'il (i PI'!' cellt IllOistul'(', '.rhl' samc spccies, in the same sizes, piled ill 
thl' SIiUIl' mllnlll'l' undl'l' shpitN' out· of dOlll'S, will 1I0t fall much below 12 per 
ceM Illoistul'l' in tIll' ~ol'th Ceutrlli IIlld Great Lake States, Iu th(' cOll!;tul 
l'Pgion of sOlltilealllel'lI Aillslm, whl'!'t' til!' humidity is relatively high, the 
lIwiliture (,OIIIl'nt nf thol'ou;!hiy nir-S('IISOIII'c1 huuh('r would pruillll)ly Ill' hi~her, 

f)(,Il,~(',-l)(,IISl', III> 1I11111i('(\ to woo(l, nll'aliH eOlllllad, hea\-y (when dr~-), con
tainin!-\, Illlleh 11'00(\ slIiJstalH'l' in smllil SPliCe, I"cw example, hiekory iH a very 
(It'IISI' wood, '1'111' SIH'I'ili{' ~I'n "ity of thl' \\'00(1 II'hell OI'(!J] !lI'Y is It mea::;lIrl' of 
till' (\('Ilsity, Thix 1i;!1I1'l' is ha:;p<i on till' weight, exciuHive of moh;ture, hut 
ilieitHiin!-\, allr I;uhstllm'l'i", KII('h liS I'o;;ill lint: volatill' lit 1000 C" the temperntUl'e 
Itt wili('h till' 11I0i:;/:III'(' SPI'I'iIl\{,II~ al'(' (h'i(,l\. 

}}I(/.~ti(' lilllit,-( Hl'(, (1\1, au lind :m,) '1'hl' elustic limit (somctimes called pro
11ortiOlllli limit) is thllt· puint WherF· til(' distortion ccnses to hI' In proportioll to 
thl' Ina(i. \·'01' ('xallljll('. if n bl'all, (Ielll'els IIn('-sixtcelith of. Iln inch with It 
iiO-j101l1l(\ 10al1 it \\i11 <It'I1('('t olle-pi!-\,hth of 1111 illch with 100 poullcll'l, Ilnd so on, 
each :I(Witiolllll .iuuel of 50 pounds cllu;;in:..; III I ud(litiullnl deflection lit' one
sixteenth or tUI i1l('iI II II til liI(' " ('11I:;ti{' limit" I::; l'eaChed, nfter which til(' deflec
tion!' im'I'PlltH' 111(11'(, 1'111"111,'- thlln till' ill('I'Plll"(' ill lou(\, A tilllhl'I' stl'('f;HI'<i hp,YOi\(l 
thl' pill::;tic' lililit will lIot 1'1':4nllll' its (lI'i;!illal 1'01'111 UpOIi the 1'('nlOval of the 1011(1, 

N/rI.~tif'iIJI.~-'I~illstidt~· is Ihl' PI'Opt!I'ty (pOSSl'!'!;E'li Ill' most mlltedlli!;) of 
<:hllll:..;llI!-\, /'ol'ln wil·1I t·h!' aPllii<,:tt"i1l1l "I' ,'01'('1' alld 1'l'\,OVCI;lIg at· Oll('e 11(101) 
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rel.enSI' I'l'olll tilt' fm'l'e, III /lilY ellU;tiC' matl'rial till' HIJlOtlllt of ('Olllpl'essiol1 01' 
liel'ol'lIll1tIolI is 11I'IJll\lltional to tile I'orl'(' ap[llie<l, witllin till' elll,;tie limit. Ail' 
1lI1(1 oUlel' g'1I:;e;; tliHIl'I' l'olllJll'essioll are elasti<', '1'lIp lIIost ('Ollllllollly r('\'.,J.,(
niz('d clllstk nlnh~rlal h; rulJlll'I'. '['illlller is plastil" witllill ('0Il1J1IU'1I1 iVt'ly lIar
row limit;;, TIll' (pl'm .. \'('IT clasti('" II'; npplil'd to wood is IlIlipfinit{', hl'(;lIt1se 
it 11111,1' Illl'llll tllnt: thl' [on'\, I'l'quil'ell to [lI'o(ln('p a g'iI'PII tlt'(III'lllnt'illll is J.,(I'('at, 
lind til(' rC('III'l'IT Hll(lllell as ill all iI'(Il'~' hall (,.:p(' .. .'Ilodllltl,; of I'lasti('ity ") : 
01' thllt the alllotllll 01' distortion to till' C!:lstil' limit' is J.,(l'('lIt liS in a ruhhel' 
IJII II , 01' tllut till' wood POHSP:'SI'H lIil-(h CllIllti(' rPHiliell('c, Il ('olllilination of till' 
two pl'opel'tips, 

Pilmr·Nn/llrllti(J1/. 1l0ill/,-( Sel' dl'lillition p, il5,) 
J.'i/wr ,~/r(',vN lIt c/a.vUe !illl[t,-(See pp, an, at;. nl1(l 73,) 
(ir(,(!II,-Gn!('1I is tll(' l'OIl(Iit:iOIl or lillllJl'l' liS lalwlI !'I'om thp lil'in~ tre(', 

IlIlIllediaI el,\' U[lllll h('illg' >iawp<! I'I'Olll the ll'('\' hllllill'l' 1J\',~iIlS to los(' IlIlliHtUl'1' 
1I11d OIIlI'l'lI'is(' 1'1I1111J.,(P ifs ('llIlIlitiOIl, rl'lIl' rapiliity of till'HI~ ('hllllg-(',; is <11'
t:l'l'Illinpd h,l' till' Hpl'l'il's, hUllli(Ilt',\', Itent, alld l'in'uilltioll of' ail', 

.Ilef'll/IIIil'Itl IJI'()/wl'/irw,--.'III'('ltallil'al Jll'opPl,tips lin' ('lip Jll'oppl'tips of wood 
I'hnl' ('naltlp ii' to I'I'>1i:« dl'l'ol'lI1ltl iOIl>', 10:l1ls, sltoeks, Ill' 1'0l'('PS, '1'hus till' ahillll' to 
['Psist HIIl'Hrilll-( flln'l''; is a lllPdlHllicnl IJl'OIl('I't~' of tilllhl'l', (~I'l'" Htt'PIIJ.,(ih"
lJ, 7,1.) 

.1/,"lIlI1l8 Of f'/II8/iei//f,-(SI'(, II, ~n,) .'Ilodulus of plaslidty is thl' ratio or 
Stl'PHS PPI' uuiI :II'PI1 ('0 1'(lI'I'PHPIlII(IiIlg- sll'nill Pl'l' ullit h'lIJ.,(tlt, thp distol'tion 01' 
s'min hpillJ.,( wil'lIin till' ('Instil' Iilllit. ~IlIlWI'i('IIII~', till' 1II0!IlIlu,; 01' (,Iasti('ity 
01' H flutterinl iH tltl' 1'01'('1' ill pOll1HI,; I'l'quil'e<l 10 Htrl'tI'lt II s:lInph' of IhHt lIla
tf'I'il1l with II ('l'o"s'HPi'tiuual al'pa of 1 ,;qll:trp ilH'1t til <Ioultlp ils IPIIJ.,(tll, Ofl tltt' 
aSHulllpt iOIl I'hnl I'h(' tihpl's would nut h(' s!:l'l'HHl'd Itl',\'olld tlleil' plllSri(' lilllit. 
Hulthl'l' hilS a \'PI',I' Ip\I' llHl(lull1s of plaHtil'it,\', II'ltill' tltnt of ste('1 is vCl'y Itig-h, 
It is, 1:111'11. til(' 1lI\':ISl1l'P or til(' slilTIIPss 01' I'ig-illit,\' of :l slIiJHtnn('(', 

.JIll/III/liN of I'llp/nrr'.-(Sp(, (Il'fini(ioll p, aH,) 
Rrl/Ii(/I,~UudiHI 1111'II11S ('xlel1(lil1l-( 011111'111'(1 fl'OIll II ('Pl1t('1' 01' :til axis, r['lius 

II rHdiul plnll(' ill a tTI'l' I:, (JIll' pxt'l'lI(lillg- frolll till' pitlt 01' thl' tl'('(' ol1tw:tl'd, 
Tltp lI'ide 1'll('PS III' a (lnul't('I'-~II\I'('1l iJuard al'p rallial ":l1rfa('('s, 

NiJlf/N,-t H('p fl, a-I.) III ti III iJl' I' grOWI1 ill l'lilllllll':< otllPl' titan tropil'al \I't'l1-
dl'lilll'II cOII('l'lIlri(' 1:t,\'('I'~ or wOII(l l'llll hI' SP('1l on till' CI'OSf; ;<el:t iOIl. ~L'llP:<l' 
In~'pl's (,ol'I'l'~JiOllll ('1&)"1'1,1' to Yl'/II'I,I' i11 ('I'PIlll'1II s of gl'oll'th u 11(1 fllr tha t 1'('II"on 
Ill'(' l'l1l1('(I :1I111l1:l[ rillg-~, )';/H'1t HIIIHlal l'illJ.,( ('ollsi:<ts ot' a layl'l' 01' sprillJ.,( wooll 
and SlIl\Illll'r \\'00<1, It' is (l.lli('ult: to disl illJ.,(uh;1t Hpl'illJ.,( wood allll HUlllmel' 
wooll ill SOI\l\' "IIP('ips, 

Nh('(/I',----( SPP p, ;{H,) Hhe:II' i,; I'hp Il:llll(' of thl' ~tl'e:<l" whieh tcm\f; to kl'Cll 
I'\\'o ucljoillillg- IIlull\,1" 01- Hl1rra{'ps of n hotly frolll Hlitlill~, IIIIE' 011 titl' utitE'I', 
ulI(h'r thp illlllH'llC'P or tWI) eqnal alld [llll'nllel fOl'ces Hctillg ill opposite direc
tions, A 1'01'('(' wltil'll pl'odul'C':'l sitenl' (or ,;itC'al'illl-( stl'l'''H) iu a lIlutl'l'ial is 
ca Ill'd a ,;hpn I'ing- for{'l'. 

SpI:illf//('()I!Ii,_rl'lIp liglttl'l' IlItd mol'(' porous ll1yel' of wood ill thl' Illlnuni 
I'ing's of a tr('1' .is Iwowl1 ns thp spl'illJ.,( 11'011(1, or early wcud, As t!l(' 1II11lH' 
ilUl1lips, it is PI'I)(l\WP(j ill tIll' spl'illg' gl'owth, or in the ctll'licr part of tile 
gro"'iug }o:pn~on. 

R/I'(~ill,--TII(' tll'fol'lIlntion 01' <Ih;tol't:ion PI'OdlH'cd by II str('ss or force is known 
ali ~tl'llill, 

i'llrl'llf/lfl,-'l'lIp ('PI'1ll .. ~trl'll;.:th " aH 1Il'(lillal'lly 11sl'(l Ii< II vl'ry imlP1initp Olli', 
It is nSlllllly tllougll( 01' ill ('(lIII1(>l'Iioll witlt ('xlpl'1I1l1 loads 01' 1'IlI'('CS, t-lll'ellJ.,(tlt 
in its Itl'oncl >"1'11;<1' is n JlH'n~llrt' 01' (h(' Jlll'l'ltanknl IJI'C'PPI'IiPH, or of t'hl' ahilil,l' 
or a I imilt'1' to I'l'sisl' stl'l';:s 01' t1l'l'ol'llJatiOlI, r1'I111,;, slTI'IIg1 It ill shear, hl'JldillJ.,( 
Hlr('IIJ.,(t'It, {'\llIlp!'PH;;iv!' sln'n,dh, hnl'(llH'l"s, stiO:upss, (OUJ.,(hlll':;S, ~I'h\'l'l' Insl' thl'PI' 
Pl'opl'l'l ips III'\' IInt' Ill\l'n~'s tllllugltl' (II' ill l'oll\ll'l'lillU with 1'11(' tl'l'llI ;:tl'PUg-tlt. 
hilt arl' nlwoIIH('illll;;I,\' illC'itHI('(1 1I'ItI'UI'\'('1' thl'Y :t 1'1' illll)lIl'I:III(: ill a SPl'citie 11;<1', 
HI'i(lolll, if 1'1'1'1', do 1111,1' two spN'ip;; ('olltaill all thc' 1'lll'iol1s )lI'OIWl't:iI'S ill thl' 
SIIIIlP dl'J.,(I'l'P, Tllix 1I('('OIllI(S 1'01' 1111' "I)\'('ia I \1;;I'S (If till' (liO'prl'ut HIWl'it's, :\lncll 
('onfllHiou o[tpu nris!'s I'l'lJln 1'lHllpnl'illg SI1('('iI's 1'01' n ":pl'l'ial \1KP nil thp hasis 
of pl'opprtil's or :.:tTPllgth I'alm's Ullt of fil'st illll){lI'lalle(' ill the spPf'ifi(' iUHtaU('I', 

Stl'l..~,~,-Htr('HS is tli:<ITihnll'tl l'orC'!', FillPI' stl'l'>'S is tltp <lis(I'ihnlL'(\ forc!' 
tplHlinJ.,( to ('OIll[lr!':':R, tpnr apHI't. 01' Ch:lIl/!l' tht' I'l'la(I.I'p positioll of tIll' 11'00(\ 
Iilil'rH, HiresH i,; IllI'IlSIII'l'(\ hy tltl' I'or('\, JI!'I' Il\lit art'lI, Thus n short ('011111111 2 
inclleH sqlllU'1' (4 :;qnal'(' ineh(':<) :lIlci xuppol'tillJ.,( II 1011(1 III' 2,000 [)()U1l(ls will 
Ill' un(lel' Il streH>: 01' fiilel' stl'\'''s or fiOO poulJds P('[' H!JI1:U'l' ineh. 
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Summer 1.co)d,-(See p, 34,) Summer wood is that denser layer of wood 
in tlll\ nunuul rings of a tree which iH put on in summer or the latter part of 
1'11(' growing ~caSOI\, 

2'aJ!rwnlial,-Tangential, us applied in this bulletin, means tangent to or 
parallel to the clIrve:; of the annual rings in a crOSH section, Thus, a tan
gl'ntial surface is It sUL'face lwrpcntlicular to the ratliui:l of a tree, A hoard 
in whieh f"he wiae face is a tangential surface I!' Illso called fiat ;,:awn, 

WORKING STRESSES 

Th(' fignr('!=; in 'I'ahl('s 2, 3, and ;1 al'(, Illost c1irectly applicable to the COIll
pari~()n of "IWl'ips 1'01' liSPS rpquiring wooll free from dl'fectR, For stl'uctural 
material of grades in ",hidl thp size, locatioll, and number of defects are 
lilllitt'd with rl'l'l'l'('IICl' t"O their cll'ect on stren!{th, the relati'e strengths of the 
Sill\Cit's a 1'(' lwttpl' l'CI"'l'scntl'd by allowable working stl'esses used in design, 
'Yol'king :.;t1'('SHl'S for Hpll'ct and COlllmon structural grades conforming to the 
hal;ic lll'ovisions of Allll'riellll Lumber Standurds tlrc given in Table 19, They 
al'e tt'chnical in naturc and hare been al'l'ived at from a consideration of the 
strPllgth amI variability ()f the clear wood, the relation of dPllSity to strl'ngth, 
the l'fl'l'ei" of defccts ill structural sizl's, the ('t1'('ct of long-contilluecl loading, and 
the inlwrcnt ehul'actl'l'if;ties 01' the slll'ci('s, such liS prm'alellce of' knot clusters, 
tf'llllt'IIC)' to ch('l'k in :-;P:IHollin!-(, an<l l!renllence of shakcs, The figures in 
'l~abll'H 2, 3, alld ,~ [u'e tit\' a\'l'ragp l'Psultf; 01' tests 011 clt'al' wood of the dif· 
f('r('lIt SllPcil's; tho!';£' of Tnhll' lB are w:;signed vulues, based not only on tests, 
hut 011 l'Xlleri('Il('p aud judgment. 

• 




~TABLE 19.-Working stresses, in pou~s per square inch, for timber confc'~ming to the basic provisions for select and common structural material 0>of A merican lumber standards 1 

[As recommended by the Forest Products Laborotory, Forest Senice, United States Department of Agriculture] 
i-3
:,:,j 
a 

ilori7.0ntal I Compression parollel to grain IA "croge IIIlcompression perpen·Fiber stress in bending' 	 shear' I (short columns hs.ing rotio of length modulusIdlcular to b'nlin ---- I to len.st dimension of 11 Qr less) o! ~I!IS- z
-I 	 tlclty' o 
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r"l-c-o-n-t-h-IU-'-'I-O-t-'c(-IS-i-!'n-a-I-I)-'-,,:-e-t-b-u-t-=-I'-!\-,f-o-re-o-r-less--co-n-t-iD-U-'-I'--- IMore 
Oi

ously dry qwckly drIed ously damp or wet Con. ~)rcas· ior less Not .aried OC<.."ISion. l\fore or less qT 

Species 	 , tiDU' slOnall y, <:<>n· with con. Continuo ally wet but continuo I N!'t r"• wet but! t!DU' .. • • rnned 
Material 4 Material 5 I Materinl4 !\[aterial [; : ousl~ qUiCklYIOUSIY dltlOns of ously dry qui~kly ously~amp with ~. 

All thick· inches and inches and Iinches aDd inches and "dry dried damp exposure dned or "et ('Ondi· 1-3 
nesses thiDner thicker L. thinner thicker or wet 	 tions of 

exposure ~ 
t~

-!-C-o-m-. S I ICom· S I Com· SIt' Com· S I com.!' >: I d • S I tlCom· ScI t Com·, ScI ICom· '" Icom. o~'d~hS Ic ect, mon . e ect mon e ect m n I c ec mon' e cct mon ~e cct aD com· e ec , mon ec mon I' ~ ect mOD ~elect, mon t<> 

grode, grade grndc b'l'ade, grade ~de: grade grndel grade grade mon grades grade,' grade grade grnde grader grnde grnde grnde 
q---1-1----1--1	

C> 

- 1---1 	 ------.
Ash, black.................... 1,000 800 800 680 000 720[ 7l0, 6001 800 H40i 300 200 1;;0 90'1 72 6.50 5201 550, 440 .son 400 1,100,000 


~ Ash, commercilll white"''''''11,4oo 1,120 1,070 910\1,200 \If.o 890, 7fiG 1,000 800' 500 375 300 12.'; 100 1,100 880,1,0001 800 000 720 1,500,000 
A~pen and large·tooth aspen.. 800 640 ~ 490 O~ ~20r 4-I0! 3~0: 500 400' 150 12.5 100 SO !i4 ~OO 560 5501 440 450 360, 000,000 t::l
B,lsswood..................... 800 040 ~ 490 ~.'iO 0201 4tO: ~,.ol 500 400, lW 1~ 100 SOl !i4 ,00 560 550, 440 450 ~, 000 000 :,:,j'

1,600: 000 B~ech......................... 1,500 I, ~Il, I~ ~~Il' ~oo 1,040 890: ,:°1 1,000 800; 500 3:5 300 125 100 I, ~ 960 1,1~1 880 ~ '201 	 "0 
~ B!rch, ~aper;;.,............... 000 ,20 6,0 ;)10 ,50 600 530, ~ool r.oo 480, ~ 1~ 100 SO !i4 6.50 520 550 440 400 3601 1,000,000 


Dlrch, ~ cllo\\ ,lIld s" cot......_ 1,500 1,2(}()i 1,150 980 1,300 1,040 8QO, ,foO, 1,000 SOO, 500 370 300 125 100 1,200 9601 1, 100 880 900 720; 1,600,000 o 
Cednr, Ain.skn................. I, 100 SSO[ 890 760 1,000 BOO 800' 080i 000 7201 2.50 200 15°1 90 72' 800 !i40 7501 600 650 520 1,200,000 i':j 
cedar., western rod............ 000 7201 710 600 800 !i40 670' 570 750 600'1 200 150 125 SO !i4 700 560 7001 560 650 520 1,000,000 
Ced•• r. northern mid southern' 1 i 

white............. .......... 750 600 580 490 650 520 5301 ~50 600 4S01 175 140 100 701 561 550 44 500 400 450 800,000 6 
:::i

I 	 .... 
Ced~r, Port Orford.._......... I, tOO ~I ~90 700 I, 000 ~oo 800' ~SO ~ ~20 250 200 1~ 90 72 900 720 82.5 660 750 600 1,200,000 	 a 

Chr:stnut..................... 950 700 160 650 850 680 620 530 ,00 060 300 200 150 90 72 800 !i40 700 560 600 480 1,000,000 q 
Cottonwood, en.stern and 1 " i:"'

black. __ .................... 800 640 580 490 650 520 530 450 600 480 150 125 100 SO 61 700 5('.0 5.50 440 450 300 000,000 1-3 

Cypress, southern._........... 1,300 1,040,1 9SO 830 1,100 8!l0 800 6801 000 720 350 250 225 100 SO 1,100 880 1,000 800 800 !i40 1,200,000 

Douglas fir (western 'Washing· g 

ton and Oregon type) ....... 1,600 1,200, 1,23:l. 983 1,387 1,040 948 756, 1,067 800' 347 • 240 • 213 90 72 l, lTd 880 1,06; 800 907 680 1,600,000 !.:;1 



DO,uglas fir (dcnse) , __________ 1,750' 1,400,i 1,3491' 1,14, 1,51711,213' 1,03" 882' 1,16'1 9331 379 262( 233: 105 84\,l..283 1,02711,1671 9331 992; 793 1, 600,000 
DouglaS fir (Rocky ~[ountain I I .. 

type) _______________________ • 1,1001 880, 800' 680' 900 ,20' 620 5.10 7001 275;1 200: 85 681 800 IHOi 8001 640t -;w: 560 1,200,000~1Elm, rock____ •_________ ••_.,_ 1,500 1,200' 1,150' 9SO 1,300' 1,010' 81.'01 760 1,000 ~I 500i 375. 300' 1251 100, 1,200 960' 1,100i 880, 900; 7ro 1, 300, 000 
E!m, slippery and American __ I, 1001 ~I ~: ~ ~?i ,20. ,10 600 SOO: (HO~ 250, 175( 12i; 100' so; 800 tHo\ ,[,()i 6001 Gf,ot 520 1, 200, 000 
Fir, balsam_ ••••••• ___________ 900 ,.of u,O, 5,Oi ,50) (iOU, 530: 450 1;00, 4801 150· 100: 001 700 560' 600' 4SO, 5001 400 1, 000, 000 

i 
Fir, commercial white __•______ 1.1001 8801 800: f,so, 900, 720 ,101 600 800: tHai 300 :1 2001 :~i 5601 700! 560' f,()(l. 4SO 1. 100, 000 56' 700 
Gum, re~I, blnck, an<! tupelo___ 1,100 8801' 800i 6S0 9()(J' Z~,' ~HI, 600 bOOI 640\ 300 200' 150 100 SO: 800 640, ,50i 600 6[,(): 520 1, 200, 000 
11cmlock, eastcrn ______ ._••• __ 1,100, 880 800, f,so 000: ,.01 dO, 600 8001 04°1 300 225; 200 70 50 700 560) 700; 560: GOO' 480 1.100.000 
n cmlock, western __ •__ ..._._._ 1,300 I,I}IO: 9SO' 830 I, 100, 8S01 l'OO, 1),"0 (<00, 300 ""-' 200 75 60: 000 720 000' 720' 800' f>40 1.400, 00()

~I 350, 140' lJ~: 1 500 800 1,800.000nickory (true and pecan) __ .__ 1,900' 1,520' 1,330, 1,130: 1,50(1: 1,200 I,OiD 910 1,2001 600 -; I 1,200: ],~t 960 1,000140011 , I 1 
Larch, westcrn •• __ .. __ •_______ 1,200'1 960,1 9S01, 830 ' 1,100I 880' ' 800, f,C;O 9OO! 325 2251 200 100 SOi 1,100 s..~l 1,000' wo' 800; f>1O 1. 300. 000 7201 
:Mnple, sugnralJ(!,l~lnck-.- •••• 1,500i 1,200! 1,1.10 9))01,3001 l,Q:IO: 8001 ,N) 1,0001 ~i 500 3ial 300' 12.5 100; 1,200 9601 I, 100 SSO! 900; 

72011' 600, 000 
:r-faple, red and SI.Hr________ • 1.0001 800' 800 680: 900, ,20: 620 530 7001 350 2501 200; 100 SO 800 tH0i 700; 5601 GOO; 480 I, 100, 000 
Oak., commercial red and • 1 ! t 1whIte________ • __ • _______ • ___ 1,400 1,120,1,0.0 910: 1,200; 96O! 800 ~QO~ 1,000' 500' 375

1 
300 125: 800 900 f>40 1,500,000 

Pine, soutbern ycllo\\- '._____________ 1,2001------ 9831______ 1,I}IO(---- (') (.) ! (.) 1~1.=~~ Wl ..·__ _ 800:... __ .1 680 1, 600, 000 
1 8001 720, 8001 

l56l ____ ~~ :1
8821 1,167 379 262 233 128 1031 1, 2831 1, (m 1,167 933: 992 7931 1,600,000Pine, s,outhern yellow (densel'_ I, '50 1' 400! 1,349 I, 14, 1,51, 1,213, 1,03, >J>ine. northern white, western I \' c-:
white, western yello\y, and I > 

Pine, "'"orway ________._.______ 1,1001 8801 800 ,r,Q 1,000 800' ,10 SOOi f.-lO: 300 175 1.10 85 681 8001 tHOI 800 tHO 560 1, 200, 000 ~ Poplar, yellow ____._•• _______ 1,000: 8001 SOD 680 000, 720i 710 8001 tHO; 2.10 150 12":)! SO f..t, 800, 640 700 MO' 480 I. 100, 000 
RtJdwood ___ ._________________ 1.200 9601 800 760 1.000 800 710 600 800 250 ,0 5Ii 1, 0001' 800 !iOO 720 -501 liOO I, 200, 000 > 

sugar._________ •••___________ 900 720i ,10 roo 800 tHO, 670 570 750 6001 250 1['() 125 85 68 750! GOO 750 600' 650 520 1, 000, 000 ::J] 

tH°1 150! 12.51~I' ~I 

Spruce, r~d, whitc, and Sitka__ 1,!90 880: 800 680 ~ I201 
1 710 600 800:

1 
640 250 150 125: 85 i 68 800, tHO 750 GOO ~JOI 520 I, 200, 000 ~ 

::J
Spruce, Engelmann___________ .50 GOO1 5801 400 f>50 ,,20, 4,10 370j 500; 400 175 1401 1001 ;01 56 6001 4SO! 5.'i0 440 450 360, 800, 000 ::>Sycamore_____________________ 1,100 880 800 680 000 7201 710 ~OO' aoo 200: 150: tH 8001 tHai 7E..o GOO 650 520; 1,200.000 tH° i ::;
Tamarnck (enstern) ________ ._. I, 200 ~{)I 9SO 830 1,100 880 800 ~I 000, 720

1 
300 2"..5 2001 ~! 76 1, 0001 8001 000 720 800 tHOll, 300, 000 ::J] 

1 I 1 I r 1 

1 American lumber standards: Dnsie prQvisions for Americnn lumber standards ~rades are puhlished by the r_ S. Department 01 ('ommerce in Simplified Practice Recommenda
tion No. 16 (£e); speeifitations lor grades conforming to Americnn lumber standards are published in the 192, Standards 01 the "\merican Society lor Testing Materials, nnd in .-\mcr. 
Ry. Enb'T, Assoc. BuL 

t Stress in tension: The working stres.~es recommended lor fiber stress in bending may be sulely used lor tellsion parallel to grain. 
, Joint details: Tbe sbearing stresses lor joint details may be taken lor any grades as 50 per cent grenter than the horizontal shear ,alues for the t'elect grado, 
• Factors to he applied to average modu1l1s 01 elasticity values: The values for modulus of elasticity are average lor species and not sule working stres..."CS_ 'rhey may be used as 

given for computing average deflection of bcnms. When it is desired to pre,ent sag in beams yalues one-ball those given should be used. In figuring sule loads lor long columns 
values one-third those given should be used. 

'Exact figures given: In order to preserve the exact numerical rerations among working stresses for grades involving rate 01 growth and demdty requirements the values lor 
Douglas fir (western Wllshington lind Oregon type) and lor southern yellow pine have not been rounded off, ns ha,'e the ,'alues lor the other species . 

• Working stresses for the Common grade: 'l'he values gi,en are for the Select grade .• Working stresses in compression perpendicular to grain lor the common grndes of Douglas 
fir (western Washington and Oregon type) and southern yellow pine are 325, 225, and 200, respectively, lor continuously dr~', occasionally wet but quickly dried, and more or less 
continllously damp or wet conditions, 

'""-l 
'""-l 
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ORGANIZATION OF THE UNITEJ) STATES DEPARTMENT 01- AGRICUtTURE 
WilEN TillS PVBUCATION WAS I,AST PRINTED 

SeurO/llnl of Agricult III·C____________________ • ARTHUR ~r. HYDE. 

A.v.Yi,y/rwt Nn:I'(,/III'JI '" ___ ._". " __ . H. \Y. DUNLAP. 

Virc%r of Heinl/lille lVol'k." ___ ___ • _. _____ A. I''. W(JOllS. 

Dil'ccto/' of Nell 11./11 t01'1/1I' 01'1.: \\rAlJr~:Jt G. CAM ['nELL. 
Di/,('('/o/' of N.n/(·Il,~iOI/ 1V0I'k_______ _ . ______ c. OW. \\'.\ltIll'HTO:-i. 

Directol' (If PC7'S()/IIH'l ril/(l BII.~il/(·,~,y Ac/m.illi.,- \V. W. HTOCKBElUJIm. 

Ira/illl/-. 
Dir('%l' of ll/fu,."w/iolt_______________ _ M. H. EISmN'II()W~::It.
Solicl/ol'__________ ___ ._._." .•_______ E. IJ. ~lAnSl1AI~L. 
W('CI/hol' .n1l1'('UI/· •• ________ . ______________ , 

UU.\RLES 1<'. MAlIVIN, Ohief. 
BllI'can of A.ni/l/aL Il/rl/l.~/I'!f- .. -.-- • . ___ _ .ToHN H. MouLlm, (lltief. 
BUl'ell//- of ])lIil'll [lIlllIsll'/l_ .. _____ ____ . ____. O. R. HElm, Uhier. 
IJI/rc(//I. of l'lrlllt [llr/II-s/I'II·. _____ • ________• ___ 'YIl,Ll.\~[ A. ~l'AYLOn, Ohief. 
Fore,vt H('l'l~ir;('_______.___ . H. Y. HTIJAlt'I', Ohief. 
1I11rClltt or U/!emi,~/I'II IIl!cl Noil.~ ____________ _• II. G. KNHlHT, Uhie'f. 
lJl/rClLli of ].;/llo/lwlo!l!l_ .. __ __________.. ______ U. IJ. MAltf,A'pr, Ohier. 
ill/rc(ut of Biological. NIII..,.('I'- __ ~_____________ . PAUT, G. llEO[xoT(Jx, Ohief. 
RllrCrSlt of Plllllie: nO(/ll.~." ___ ___ . ___________ ._ TUO.\IAS H. MAUDoN.\LlJ, Ohief. 
]Jurcrl!t of ,lvricltl/llral Bcollomics____" ____ .._ NILS A. O(,SI~X, Ohief. 
iJlIr('(llt Of fIollle R('O)1()IIlir'8__ __ ___ LOUlSIiJ H'rANLEY, Ohicf. 
Pla,lIt Qllurantine allli Crmlrol Adlllini,Yira/io/1_ L"~j A. STIWNG, Chief. 
Omin b'ut/wes ~tcllllilli8Iration ______________ .T. ,V. ~'. DUVEL, Ohief. 

'VAurEI~ G. CA~[PBE(,(', ViI'edor of 
RegulatorJ/ 'IVork, 'in Ohargo. 
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