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Srmarrr

A revj.ew of the strength and rel-ated properties of yellorr-psplarr par-t-icrr
l""ry as affeotel. by coLor and stalnl n?s: Dade at the Forest Products

.,Iaboratory in 19Lb, Tests rvere nade on slncLmens fron 96 boards obtalned
fron 7 nills in the southern Appalactrian dlstr{.ct and reparesenting the
range of stain and coloration found in stock at those nills. Eleven
stain and color groups of sapwood and heartwood nere rec.ognlzed. The testo
included wene stati.c bending, toughness, compressLon paraltet to grain,
conpression perpendicrrlar to gratn, trardness, shear parallel to graine
cleavage, and tension perpendicular to grain.

Differenees in strength anong the var{.orrs color groups wpre closely related
to differences i.n specific gravity. Averages foi satrryrood and for iornd
heartwood were the sa,ne in weight, and ochibited snalt differenees. Ln
str"ength that nay not be signtftcant,

.Ttr9 nore inpor$ant strrengttr valrps correlated closely n'ith epeciJic gravlty,
- but nuotr less so yrtth rate of grorrttr. Specific gravity aecr6ased wlth
slolver rate of growt&i.

There is sone relati.onship between nodulus of ruptnre and toqghness of,
yellow-SrePlarr but it is not so definite as thalbetween nodulus of rupturre
and specific gravity. Analysis of the data on toughness indicated l.Jrr,:|, 55
inch-pounds per specimen (5/8 uy 5/8 uy ro inahesr-B-inch span, center
J-oacting, is a suitable acceptance value for yellow-poplar airplane hder,
to elininate brash naterial and ttrat containing deciy-and pne-ocisting
compression faLlures.

re Div'ision gf_Forest Pathology, Blreau of Ptant rndr.rstry, soils, and
Agricultural Engineerr4gr assisted irr the seLectj.qn of tist neterial and
ln the identification and classijicatioa of stains and discoloration.
The forlowing roirls furnished lunber for testsr saruda Rr.ver Lrmber co.;

ns, Kyle, N. C.l Conasarrga Rtver
rrk Lunber Co,, Bluefield, I[. VaeS
h Valley Lu$er Co' Tiogae I[. Va.1

ation wlth the Universlty of Wisconsinr
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fntroductlon

Iellov-poplar (!ir1ode44r9n Ulipllgl
and lsrorvn also E5@r-iFm
Appalachian han$vood forest. this wo
cpruce in the sarne si.zes fqr ,airp.Lane
this and other exacting uses have mad
supply of high-grade ,natertal. ,

The heartwood of yellow-poplar ls extrenely varlable ln nornal colorationl
and statn is of conmon occutrence in saplroodo Decay and other abnornall-
ties are also sources of discoloratlon. The variations in coLor have been
the, car.rse for reJection of considerable yellor-poplar of otherriss high
graden there has been nuch diecussion q)f, the relationship between colora-
f,ion and strength, and some inforuatlonl nas been published on the
nelationship of toughness to color of yellon-poplar v€De€ro

To ctieck frrtJrer the desirablllty of the use of I'€Llor-p6plar tn at1ncraf!
oonstruction, a revlen of the etrength and r:elated pnopertiea ,of J'eIIow- .
poplarr Trith- pa$ictilar attention 'to the effect of coloratl.onr $as nade at
the Forest Products Iaboratory in l9ldr.

lfiore specifically the objectives rreret

(1) to establish more @ncluslvely the relatlon of var-{.ous cololu-
ti.ons, including sap stain, to strength pnopertlesr and to detemlne
wtreth6r yelJow-popGr that' is colored or- sap-stained but rithorrt vlsual
€vidence of deoay ls deftcicnt in strength prolnrtles.

(Z) To study the accrrnaey of ri.ngs per irch and speciflc gravity ae
criteria of stnength.'

0) to explore the correlation betupen the etrength properttes
inportant in -airplane parts, particuJ.arly those used la desigpr atd touglr-
ness test values.

(lr) To establlsh values of toughness apprlpdate to the use of tlre
toughness test as an acceptance or inspection nethod for al.rplane Lrmber
and parts.

lfaterial Used

Signlficance of the
Forest Products

Through the cooperation'of the Appalachian Forpst and Range Eltper{-nent
Station, 18? boards $ene obtalned fron ? nilts* in the southertr Appa}achlan
districi. F.igrrre I shows the locations:of ttrese nills with respect to trhe

epting, G. H.r Rothr,E. R', and Lrlcford, &, F.r rrThe

Discoloratlons in Aircraft Veneers: Yellow-poplar;rl
Iaboratory Rept. No. 13?51 1952 (nedsed).
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krourr botanlcal range of lrellow-popilar gnd also rith respect to the nore
restri.cted area of optS.nG develofnnent.S Ulithin that area, recent produa-
tLon has been heaviest in the southern Appalachian districtr

Boanls about 3 feet long, 3 to 12 inches wider and l. +,a L-L/Z inches thlck
wert selected at the niLls by representatives of the Appalaohian Forest and
Range Experinent Station. Preference vras glven to edge-grained pieoes,
coverihg the range of rate of grorrbh and of color, rrithout regard to
specific gravity. As eoon as received at the Forest Products Iaboratoryt
the boards were kiln-drled to aborrt 12 percent rnoieture content Ln accord-
a,nce with schedule l[o. lr of Arry-Navy Specifioation AN-liT-Z4.

The ldln-drLed ncugh boards ruere surfaced and e:canined for defects. The
exemlnation consieted largely of an appnaisal of cross grain, though other
inperfections were also cansidered. The appraisal for cross gt'ain was nade
by drawing a swiveled scribe (fig. 2) .along the ful1 length of each troard.
ituaxirnrn pertisslble slotrn of graln in test slrcS.nens rras fixed at I in 20.

The apprai.sal of cress graln resulted in the couplete rejeetl.on of 35 of
the boards and,in the tejection of some portions of a considerable addl-
tional nunber. Since splral grain conrnonly has great'er slotrn in tlre outer

"parts of the treer'the rej'ected naterial inelrrded a diepr"oportionate anogrt
of sapwood" Sone boards showec large varlatlons of graln direction withtn
shor"b distances, and it was ne(ressarTr to cuD addttional specinenr becawe
of cross gpain that wae not detected until after test.

Color Groupinge

Elp:ren coLor groups rere recognized in the Jlellor-peplar f,or test as
follows:

Sapne_o.d

Unstaired.-A light shade of tan, varying throwh crean and lvory to
alnost white.

stain: ht af,Z.-Infreqwnt light-grayish areas lmegularly
norual woodo

gep-:!es:-segi* gtyj.5.-Sini1ar to Light gray sap stain but rrlth
ilarl<er or more frequent color ar€Bsr

4Th" 
"t".s 

as shorcn in figr.ne I are as defined in trYellow-poplar,
CharacteristiCs, Grorl,rl} and Idanagementrtr E. F. Mc0arthye U. S. Dept.

. Agr. Tech. Bul1o No. 356r L933,
Sftre statn described, in these color groups is atso lmown as rrbluestatDrtl
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although t'he heatiest found in the test boards, is noi parttcularly severe
in comparison with that frequently obserred in uoprotected or carqless\r
handled hmber.

Dlscolorationl tan.--&.regu1arly distributed zones of tan to light-
broryn colof , probably rmr.elated to fungus infectlon I

EraJfr occas

Diseolorat
nostly
related to fWrgus infectl.on.

HeaJtwood

-The

--Abudant streaks or afees of gray of pinldsh-
of tan or broun; this dggree of staining,

--St'reaks of t'an to light-trqvrt colon
grontti rlngs, and apparentlY ut-

Nomal.--Pale buff or yellonlsh to greenish, grading in the rider
boards to deeper buff or light brown near the pith edger

ahr
nornal hues are y€iried'by buff to .dark browfi,

,8one of w.hich follow the borndarles betre6h
grotth fingsr

Hlue-bgtt: red, prlrplp. gr.egj--A x66" vai{ety o{ dar! hues, conqottly :
irr nar ds; the nDjority of colors trave a cdu-
ponent of red, whiqh nay aplrcar as reddLsh brown, lavender, or purple;
reddish bronn may vary to tan or.to darker brorun and thr:s merge rrittt other
oolor groupsi ,l,avender or purple day becone'alnost blue, or in darker
shades vary to iron gray, or alnost black.

Bluebutt! OOo*;S;*'iiafiatian of the foregoing to a deepei tan o'r to
Llght AiffiE6trsilr11ar to the color indicitive of decay, afthduelr no
positive evidence of decay fotnd.

EggE.- -AdeepbrowrrcoIor ,notnecessar i1ydark,accompaniedby
poqitlye.,evidenee..of the presence of decalr frmguei gince the boards lere
sAlected'at the.luirber nill, it is probable that the nost severely deoayed
l.rmber had previously been culled, so ttrat this groqp can be consldered as
on\r noderately infected.

In addition to the colors described ln these girups, sone of the boaids
showed insect or nineral stqgaks, usrrall,Jf of, very dark color. Theee
stredks w€re of linited lateral erctent, artd were not''included ln ttte
evaLrration of strengtb properties.

, gTei+qalion of s#gi+qns

Llnitations in the anorrnt of available naterial, particutrartry of saptroodt
nade it jopossible to nrn a conplete series of gtrengtlr tests on natcheO
spegirnens frorn each of the coloi groups. Static bendlng, toughnessr ed
conpression parallel ts graln were therefore designated as the nore
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lnportant tests and given preference ln tihe layout of specLnens. Har&resa3 .
shear, comprresoion perpendicular to grain, tension perpendi.enlar to Sdnr
and cleavage rr-ere designated as Less tnportant tests and were nn onl5r inso-
far ae available naterial permitted, wttr preference for hardnees and shear
tests.

Ttris prineiple for the selection of specinens ras developed into three
general layout plans (figs. 3, [r, and 5)r One for aLL sapwood, one for
discolored heartwood, and one for nonnal heartrood. A random distributlon
of the specinens of nornal heartsood ras. obtained ry relersing the 'laysu0

betrveen ttre odd-nrl@e,red and the even-nrdened boards (figo 5). ltrese
general plans show one series or cycle of test speclnenst the'cycle was
repeated,as nany ti.nes as widt'lr of board penuitted.

Figure 6 gives a tlryical board layout and lllrrstrates t]re ntnbering of
specirens, shoring also an enlarged olcetdr of the reference strip that lras
kept to indicate the position of elnclnens as finally cut out'

Conpariccl of figrres 31 5r and 5 reveals sone devlatlon in actual taftorfi
of speclnens from the general plan, parttcularLy in the order fron left to

.rightr ,Variations of thie'kind rene nade to f,it the characterigtics of
individnal boardsp and algo to avotd looal. i.nprfeetions, such as lcrotst
or insect or mi.neral streake.

Tests for the:detemirratton of speciflc gravity based on volure ntren oYen-
dry, toughness, and conpresslon paralle1 to graLn, were nade on the tn-
injured end portlons of specirnens broken in the static bending test. these
broken elrcinens ilEre narked ln accordance rrith the general d.ans of
fignres 3, b, and 5. The torrglrness specinens werc 5/8 bV 5/8 lnch in cnost
sectionr.- and were so cut out as to obtaln radial and tangential stnfaces.

Norpal heartwood ras present in nost of the boards containlng sapnood and
in some of the boards contalning dlscolored heartwood; slncinens of nornsl
heartwood'rere obtained fron tihese boards. Boards that contained only
nornal heartwood were not used. A total of 96 boards was ueed; the.corres-
ponding total nruber of specJ.nens was Lr56O, diotribntd as shorwr in table
l .

Llmitation in the amount of available naterLal prech.aded natchlng of,
individual speci.nens, but numbers of specinens in the various color Sfoups
were large enor.rgh to glve a rough'natch on a gro"up basis.' TabLe l. ghorr
the irregrrlar distribuilon of specimens by nLtrIs. lTithfut and between
indivtdual color groups, this dlstrlbution by nlIls was even nore lrregulart
co.that the natchlng of groupo by nil,Is feII considerably 6hort of perfec-
tiono

A11 specimens were conditioned before test at a tenperature of ?O'F. and
6lr percent tetratlve hrnidity untll noisture equilibrium and constant reJ.ght
uiere reached.
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lflethods of Test

The nethods of testing; the specirnens were, ln general, those adopted ae
standard by the Forest Products Iaboratory and described in Technical. -
BulLetin No, L79 of the U. S. Departnent of Agriculturer Sone nodifi.ca-
tionsr,'necessitat€d, by .linitations in the available material, wsrb as
follsws:

The I- by l-inch static bending epecinens were tested by senter loadlng
on a th-inch sp4n, 'Ibad was applied to a tangenti.al face, ,or,the face
nearest to tangenttal and nearest to the pith. The loading block wae
cnrrred to a radins of I-].,/2, inches, and movenent of the,Ioadfng'head rrae
at the rate of 0'0116 lnch per ninute, Ioad-deflection readings were
takbn'llrbil, ttre:loade af,tei reachi.ng naxi.mrm,,had deoreaqed to,1@ pornds.
lfrork,done on the speci-nen up'to this,point is hereln.terned tttotal work.lr

Tne 5/S- by 5/8- by lo-inch toughness epeclnens were loaded on ttre tangen-
tial..faee nearest the plttr and at the ,conter of ari 8-ineh slnbr

Conpz?ssionlparal!,e]--io-grain tests were nate on l+ by l-inchrspeol.nens'
lr inches loirg.', Ioading ruas"'cont:irnued to failurer'rrhich sas::rlsqsLl.y.coni'
plete at the naxinru load. BroonLng ryas prevented .by'a brief drying of
the ends in an oven where the sldes wene protected to pnevent loss of,
moi.strurer toad was,applied at,,a, rate of strain of O.0O3 lnch per inch,per
n'inute.

Slnci.nens.for eompnession prer,pendicular, to grain uere tested lrith the I-,'
inch dinen$ion verticaX. Since .ttris :height ilas one-half.of the'etandard,
the rare- of 'loading-i:,ruas 'likewise, ono-half of ,the ,standardi lest rag cotrr '.

tinued to O.I-inch depth of owpression.

Handness bpecinetrsl,E€rg also I inch thick, and sotr€iw€re" not full 6- inehea
in lengthr ;,:Sro, Lrnpressi6ng nere nade ln each of two nuttralJ.y perperxttcubr,
oides; (not'necessa,rily,'radial and tangential. surfaces) and tno in ttre ands'

Tests for shear, cleavage, and tension perpendicular to grain ot" rtat iy.
standard nethods, except that the wtdth of specinen was 1 inch instead of
2 inches.

ALI testsl: e:c-c9pt tougtrnees-, lilFre perforbed in the atnosphere :j,n nhich the
speci.nene, had b.een conditionedi ; ;

To avoid tfre neeesslty of rnaking oounts of gronbh ringo on indlvidual speci-
mens, these counts were nade on the reference strlps (fig. 5) cut fron eactr
of the boards. One count rras nade for each static bending strncimen, and
that cornt was' used for. alL other slncLmene; in ,the,saoo :zon€' of grolrth..
Addit'ional counts'wtir-e imde for specLnens th zones rof. grorrt'h that included ,
no static bending specimen, The nrmber of counts in each board varied from
2 to 1O, while the nunber of speci.nens per board ranged as high as lil.
Counting was done for the nost part under a hand lens, with vlsibility
alded by cuttlng a snooth cross sectJ.on and wetti,ng wlth water.
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he orl.entation of annual gronvth rings w'lttr nespect to the direetlon of
force is si.gditlcant for sJne etrengtir propeetlee of conl.ferous opecies.l
but is of less lnportanice ln the hardroods, In the present lnvestlgattont
the najority of boards were not truly

upon these strength propertles, no ftrther strrdy of direction of rlngs was
nade. By cutting toughneqs specinene in such a ilay as to obtain radial
and tanglntlal srlrfacea, ttre iffect of variatlone of the plaaenent of
rings on toughness values ras avol.ded.

&planation oI Tab1es and Chartg

The rresults of .the tests perforued in this sureey_ane sunnarized by color
groupo in tabl.e 2. Thie table is in tvro partsr fhe first relates to
itatic:bending, toughnessr and conpresslon paralle1 to grainl the secondt
.!o oonpresej-ontperpendicular to grain, hardnessl shear paralle} to grainr-'bteava!.r 

and t nsion perBendlcrrlar to gr€ln. Averages of all saprood and
of, al.l-goutd heartwoodare given, the latter occhding the group of
decayed heartwood slpclnens r

Ttre averagbs shown in table 2 bring out the dlfferenees betneen the
varlow color.groups, but fatl to shor the variatlon of tndividuatrs
rit+rin the groups.- fne extent of such variations is indicated ln table 3r
thls tabulaf,ion-of nodrrlrrs of rupture illustrates how the range of lndi-
vidrral" values dthtn groups cotnpares with the dlfferences between $lroupto
Eveh in the rGak6st grorrpo thers are irdivldual strncinens that. ale
etmnger trhan some oi tire indlvidual speatrens ln the etrongest groutrr,
arrd t;e range of individual speclmens wftnfn gfoups is, for the most Partr
greatar than the nange betueen the hlgheet and lowest group aeerd'$€ar

Speclfic grarlty and stnelngth values for the varl.ous color grrtups o{
GUfE 2 are shown graphlcally tn figUres ? to llr, inclueiver_each of rhlch
relbtes to.one etibngtft pfoPerty. trneofar as posslble, sirnllar designa-
tions for plotteA points-and eittrttar scaleg arre used in these elght
figrrres. For eaee ln conparlng;the positions of the plotted polntsl ETa-
uoltc curves of ttre fort y o axb rcri ftttEd to then (excepting ttdeca/)

by means of the following netihodl Suitable powers for specific
gi.avity wene firet conputed by the nethod.of least sqrrares.9 Previow

-Fortulas for conputation are b - Ioe x
x

andlog.=&4FE
T3, where 4 and g are variables and g

and b are oonstants, in the type eqpatlon y o aJcb. In aLl casest
occefit toughness, ttte valueg o] g and f Ueed rerE oolor grouP averagegtexcept toughnessr 66 valueg oI x ans g u$eq
rather than those from individual opecinens.
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workz has deterrnined correspondlng pow
relationship between species and has i:
relatlonship withia any species is abo
species. The powers computed in,,this

For toughness (fig. 10) there ts no previous work,fron'iohich i suiteble
povrer of specific gravity nay be chosen, The equation for the cur:\re.tvas .'
iherefore ionputed-on the Uasis of the lndividuai values'shown on figuni 16
rather than on the basis of the color groups.

Figures 15 and I7 show graphically the relationship for individual speci-
nens, rith the aeception of thosg pf the ildecayil groupe,bet-ween spec$+c
gravity and two irnportant Strength prqperties, modrflus of nrptule,an{ ,,
na:cinun,gruglring, strength., Fi.grrre 15 shorre a p{rilafr 4glationehipr for ' ., :...;
toughness, but differs,frgn f;igures 15 and,17 in,that;spegific, gtevitJ 1g . :
based on. th€,volune when oven-dryr, the sane.bpgig.as ,tha!1g{ data obtag.red;.,
fron other sourseq (p. 10). Figures 18, L9, dd 20,shgw.the rglat'ion3{riP -:
between rate of growth and nodulus_of rupture, togghng€sr and @:cinrn
crushing strength, respectively. These two groups of figrrres have sinilar
scales and sini.Ia.n.designations for,the plotted polnts, and,afjord a conpart-
son betvreen.speci.fi.c gravity and rete of grorLtr_po a E€a.ns of ,estjrmati.ng
stggngth or shpqF resistanceo ,, i,.. ..

Fig,rre" tr5 and { show vertical lines drawn th.rgugh a specific gr.gyity of
0.36. In this,studyr .conparisons were nade beti,r9e9.s,p-ecif,ic,gravities on
the baqi.s qf weight when oven-dry qnd volune {vhpn kiln-dried (vol_rpe ot ....,-
test)r and weight rvhen,;ovgn-dtTr ind volwe.nten oiren=dryr,on, a oonsiderabJ,e
nrmber of ctrosely nptched slncimens. These,eonparlsons indig4$e{ the ,l
specific gravlty on the basis of vohne when ldln-dried to be 95 percent of
that on t'he., voh.me y'rhen oven-dllr-. a ratio alnost, j.dentieal w.{t_h ttrat : _ :- .
coqptrted from noisttue contgn! J:alues ef, these spgci.nens.?nd:vo.1rnotrj.c:: ..-
shri:4kage,,characteristics. of thp gFaigs. .$r-Dy-Navy sBgcifications req:uife::
a nini"ntm specific gravity,.of, O,.38 on the basis rof weight ahd: trslume ,when-
ovenaQr;rr and ttrat.:figure ti.nes-.0.91 equals 0.36, a nini.rrre,epegific,.,., ,

Zrrtne Relation of the Shr{-nkage and Strength Properties bf Wood to ,its
specific Gravityrt u. s. Dept. lgr. BuIl. No. 6?6r, taute I and
figures f to lr, ind ustrengih' anA Related Propei,tieb of 

'llfoods 
Grohri "

in the united statesln, [J. s. Dept. agr. Tech; BulI. Noi: lr?9r p. )6-i).
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gra\rity directry apiprlcabrc to thc plotted data" The sano ratio ras
used to convert the. obsenred varrps-of specific gravity of toqghness
specioens to the basis of volme;;";-o;;;-6o-rir ptoit:.ng in-rfiirje 16+
since-this specifii gryvity basls is the ,*'as i.n the Ariy-Naqr speci-
fj'cationsr- !!e yertical line on figure ie-""p"""enting a ninjmrm of O.3Bis plotted directly.

Figure'lp also shows a horizontal line representing a possible nininuntoughnes-s of 55 inch-pounAs.

.7 are the sane as in figures T and
r si.nilar to that in figure 15 but
ent basis for coaprrting specific
I 15 and U were conputed from colorgrouP avefqges, 

_!h:l do not flt perf9cil.y the distrtbution of pointsrepresenti4g irldiytdual spegineni: m"y-"""'r.tirfactory, however, tofaciLitate conpa$.eon of irre pg"itions of ttre protted pointsr

,e of growth artd spec,ifLc gravity for
ersion of points, slnilar to thit ir
nd in the relationship of these two
dtrs;nrsionl the vah.es are plotted

ding speclfic gravity avenages ln
s ie also conlnred with that obsenr€d
he FqjssX Prsducts Iaboratory. Table
g of values into the averagei used in

Thg relalignship,,betwega toughness and nod,ulus o.f rupture for indiv,idnalend-natched spectnens ie srroin in fiA;;-tt-d" curye plotted in thisfigure .q-epresents an eguation ,outarnJa uy coruJio;t;;"-;;;J*ry develolnd

, t?re ratio of corresponding toughness
lficient of 5 in the equation of-the
16 equals thE coefficient in the
,8?o).
rtions is as follows:
r (rie._ to) T = lozo G3.' pr equation (fie. ?) B = 3?@O OI.5

6 -*^f--F-v ib6

and O=

#;= t3ifora

Eqtrating to elininate G ft/ 
T

-vEo=
Cubing bqth sides of the equation

WhenceR=115 ,910o5

Repcrt No. 1516 o9-



gravity-toughrtes5 and speclftc lravity-nodulus of rupture equations. It
ahows the relationship of the computed equation to ttre. ocperi.nental d3ta.

Toughness data obtained ia the present, study are confLrued by oonpariEgn
with values obtainecl fron other sourires. The Boeing Airpi.alre"ConpairpS3t
ln c-o:r:recticn with ::esee.::;:h and inspeetion oi:eraticns, has nais deter-
ninsi;:'ons of toughness and corr.esponding spaclflc gravity o::. four grouln,
conprirJag in aLl 9l+6 yeliow-poplar speci.mens. A dlstribtrLioa of the
tougtrress values obtained by then ig shoyvn in figure 2J, nhere,i,? pa.y be

ution of'values fron the present

percent noi.sture by neans of a tolrghnr
at the Forest Products lrabofator#,f(
shows toughness averages corresponding tq the distributio4 cuw99. The
foqp groutrn of Beetng data- elchtbit conslderable differqnoes iri tbiqQpeqn ..
thqg I9upaverages^ ra4g1ng , f ron63 toL05 i ' . . . -

A relationship betieen opeclfic gravit
the Boeing,data.,.by the.rethod of ,i1ea6i
of an eqrration trt-:.f,igu:re,,;Zb. Here alr
to .tlrre basis .of ;10.1r.'perc€nt noidture
of g,in .ttre.conputed equa:tion by ttre rd
noisture studyr Figure 2b ehorels also the specific graltty-toughness
curve of figures^lo and_16, here in the fom T.8?o dr ag ip^fl^grrre il.6o
Average varues of epeeific gravity and toughness are plitted.I?

*3 n" nade epeclfic gravlty ad '

i  ,  . ,  ,  L  .  , . .  -  
.  i  . ' "  '  ' -

risl-on,, trYellor+oplar Stren$ilf l TeJtsr n

Fngth Data for, Ietlo*-p6plar Sparern
t and Appndi:i, 19h3'i

oughness of Ll5.B at 7.8 lnrcentnoisture content, and I0f.5 at l0.l+ lrrcent noisture. Tougtrnesc
obtained at the one noistrrre content-was adJwted to the bisis of the

.r^ other by rnultiprying by.the ratio of these two toughness valuesr
afRy conetruction, the plotted curves pass throngh ti}re geonetric neans of

the individual rr?lues. These geonetric neani are sLtgtrtlXz: di-gg"*nt
fron the arithnetic means or averages.

Eunio"""ar iciourded, Prod,ucts corporation, Brlgtor Alrcr:aft Divlsion, nA
Statistical AnalysiS of the Tqughnesi Dat. on lellor-poplarril
Engineering Research Rept. No, i3, l9lg.
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Dlscrrselon of Test Regul.ts

the discussLon of the test results ie divided into several partsr coDrBe-
ponding to the epeciflc obJectives stated at the beginnilg of thia repottr

Relation of Tfeieht and StrenEtfi.to Color

Table 2 shows the-differences ln average etrength valrres among ttre LL
color groups.into which the test spectmns nere divided. Altnoqh
noisture differences be ween grcupg are snallr ppecif,ic gravity dtff-
erences are largg eno1rgh to be signlficantS the relationships betreen
the rnore inportant etrengttr prapertlee..Bnd, €peeiflc gravity arc therefore
showr in figures ? to fL, incfubiveo Omparison of the positlons of the
group a\rerage points with the fitted curyes in these eight figures shous
that the differences ln strength ane cLosely rrelated to djfferences in
specific gravity, In sme of, the propertles, such ae nodulus of rupturet
the relationship:i.q very eloss.

The gr-onp of heartrood specinens eontainlng decay io consistentLy lovor
'5n weight than,other groupsr It ls algo beLow the rreight-strength curves
for work to naxlnrn load and toughness, bottr neasur€s of shock.reslsta,icet
utrich:properttrr is affected.first and to the greatest degree by decay. Thc
other prgperties, eugh as nodulue of nrptnre and naxinrn crushing strengtlt
ln cornpression paralle1 to grain, are at or neer,the average curver Tthictt
Lndicates that while decay possibly affeoted ohock'resistance, it was not
sr:fficient\r advanced to affect other properties. Since nost Et'rength
groperties would be greatly lorered lf the w6tght ra$ appreciably affectede
the relatively lor weight of ttre,decay group is not believed to be caused.
by decayo

lbny. Irubernen recognize two fairly distinct types of yeU,or-pqPlar'
Aecording to thelr dtvision, the rrnhlterr poplar j.s heav'ier and harder to
work and [as a conspiauous dark llne at the end of each annual'grovrth rtng;
while ttyellordr poplar has more yelIow in the nornal heartrroodr is easier to
worke and lacks the dtstinct line at the end of the annual grorrth ri.ngr
fn,the pr^esent studi 16s rlfss-streaked, discotroredtt grsup of salrood Epecl-
mens has the appearance and physical properties ascrlbed to nw?rite trnplar.n
Exanination of this group arrd of tfie boards fron wbiclt it rras out ghors
also a rapid rate of grorttr and generally ride sapnood, characterlstlcg
comnonly associated with Jromg trees growing uilder favorable environnentr
Although j,n nost properties the group falls belon the strength valrre to )''
be expected fron its weight, 1t has nore than average strength. Heartwood,
of sinilar characterlstios rnay have been present ln thiE naf,erlal, but lt
nqs not recognlzed in sufficlent {nount to be placed ln a scparati group.
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Conparison of Sapnood and Heartwood

Sqwood and heartwood, excluding deoayed naterlalr noJr be conpared by
neatrs'tof, ,the .averages Biven' in'tabLe 2r Thls conparison shows ,a,rathe! :
snaltr,.,tli.ffefenCe tn spectfic gravity (colunn'2; of, tablb 2)r,,.a diff€renc,e , ,,
that disappears entirely wtren the trtan-streakedy discoloreilf group of
satrxrood is erccluded. The average nodulus of rupture for saprvood is about
9? percent of that for heartwood, eve_n thotlgliihggqtwood:is-lolr.gt'.tn;Bp€r,
cific gravityr Sapwood is lower in rnodrrlus of elasticity in the sane

ea!fiaod everage'is ?.5,'fErcent abde
tri,seprood appears.'to be superior by
tlel tO grain, the ratlo df average
icent for naxi.urn cnrshing strengtb
[ty. Sapnood,aplnarri :t6:have a

sltght advantage, ln coniprsssion'g,Erglnatcrilar. to grain, hardness, and
shear parallel to grainr 

,
. i  - - i

speci{iq c'ravitv and 4te'of Grorth. as grtteria.of gtrepFth,,

, figtrres':{;.to' 1l+r iaottsive, lndlcate
lclfi.c grav'ity and'' th€, n6re i-upbrtant'
r epedi;f,'J.6 pravi.ty- aF' E orrlteri'oii::bf i .
I indivd.dual,specj.raenq f.lgrr-e", 15r
r correlation of. noduluE,.of ,{ruptlrg
lcific,gr,avlty, andl.a less perfect

I  I  :  , , ,  :  - : . '  r i ; ,  .  r .  ,  - i  i .  ,  ; .  

ghneSO;

Fi$lres i:l8r : 1,!r:;and-2o :shou,nodurw : of rupture, ioughness, a$d raxinun
clushtrng strength-ploi'ted,against nte of,grorf,h. I conpirison of these
char tevr1 th f igures1 l , l6 ,andI?rnEvea1 inuchnoreso i t te r ingof the
points for rate of grorrbh. There is a trend in the direction oi 1prer
nodulus_of ,rupturre,end lorpr toughness.rrith olorer grorrbh, but,little or
no tnend 'for llanlgun'crushing'strength: Ilence, it is cleir that these thrc€
pgotrnr'ties are relatdd nore closeJ,y to epecifii gravlty than to rate of
growthr

thg,ispeg*f,-lo. gravltyrrate:'of,,,Sronth reLdtLonshi.p for Jre11orr-pr6plar.of the,:.
pxegggl$,;aRd pteviow ..s'iudies,:is ,sho.mn' in figure'?r ani taure .b. !n ,-
e:nerfl'll, the'.htghest epe.eific':gravity appeais to be assooiated rith'a rats
of gpgstb beiween }o,and,'xZ ringe per'rninr .all currres shor a aecreas; in,,
lpggi${q- qrayity f,or ol'swir ratis iif gron*trr ad all but:two etrorla 

- -

decreasg for rates:40re rrapld;than,tro-.Irngs'per incJrr 
.: 

-

gure.2L by separate'curnes for
,igations prev^ior.rely. rmade nene nost\y
conparable to the heartwood curre
eorease in specific gravity for very
wood grrup has high specifi.c

of groirth. ft has been obsenred
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by PaufJ4 alid others that high speciffc gravity is assoslated wtth rapld
growth in a favorable environment, except that ride rings near the center
of the trunk nay be of a specific gravittrr below the average. That obser- i
vation is confirmed ln the present study: Alt'lrough the distanse of thdse
specinens frm the centere of the parent trres le not loown, it is
obvious that rapidly grovrn heartwood @y be fron the inner portion of
the trrnk, while sapuood fron any tree of rnerchantable slze fB neoessarJ.ly
at some distance fron the oenter.

11

Coryelatioh between Toushness and Streneth

Figure 22 illustrates hovi a conputed reLationship of toughness to nodulrrs
of rupturefl is verified by actual test results on natched specimens. Ttre
vertical dispersion of points, as conpared u:ith figure 15, indl,cates
that nodulus of ruptnre nay be esti.nated more reliably fron cpecific
gravity. A sirnilar study of toughness and na:ci-nun crushing strength in
compression parallel to grain also strowed that specific gravity ie better
than teughness as a criterion of crushing strength.

Toughngss Vplues for InsJrctioLUse

In the deternination of a toughness acceptance requirement for yeIlow-
poplar, consideratl.on le glven prinarily to the group of speclnens
inoLuded in t&re present study. Conparisons with the larger group of
data obtained by the Boeing nirlilane Conpaay (tor:gSness distribution ln
figr.rre 23 and slncific gravity-fonghness relationship in figure 2lr) sbow
a close sinilarity. Data fron Universal ivioulde4 Broducts Corporatlon
are less eonplete, but the average plotted on fi.gure 2b indicates the
s'imilarlty of ttrat group, Since the data fron these three sources ane
so nearly conlnrablel it is possible to conclude that tJre group in t}te
present stud;r is representative of the species and that a suitable tough-
ness requinenent can be deternined largely fron this group aloner

lttis study includes 227 toughness speclnens of sapnood and sornd hearvt'-
wood, 0f this nrnberl 25 percent have a tougtrnesg vaLue of 56.b or lessi
the nenalnder, above that flgrre. IR the Boelng data, 25 percent of the
specimens trave toughness (adjusted to IO.lr perc-nt noiature content) of
5lr.o or lessr

on fignres J,5, li, and 22, cet*,ain toughness slrcirens are designated as
brash. Thls designatlon refers to a biash-appearing break, independent
of the toughness value. These brash specimens are low in torrghnese and
are assoctated rith low speciJtc gravity and a rate of grovrth signlficantly
slowen than average. As nay be seen in flgure L6, a ninlnrn toirghness re-
qnirenent of 55 would ellninate 26 of the 2? brash slncirnens.

d, B. H., and Nortonr N" A", liVariations in the IIIood of Yell'ow-
poplar fron the Southern .A.ppalachian Rggfonett J. Forestlh Vol. 3br
No" toj pp. gj6-gh2 (1936),
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Sigpg .16 i.Ddicates a fairl.y cansi,stent' rclatlonship beQr99l, totryhness
and sfl2cifi,c, gSavity. fhe presen! Arqrdaqy nini-nrn specifi.c gpavity r€r
guir-epent on:yellow-iloplat.ls 9.38 on the baFis of vreight ans, Yohge when'
oven{r;r. li rininr.u ..tougtgreps value coxresponding to this nininun
specific gravity nayl.be,esti-nate.{ fron the ayerage of individual toughness
values at or near thet rni.nimun specifi-c grarrity, In this studJi'r 22 speci,:
nenr' havipg,.specitie Br.?Tity.,of O.37 tp:0.39r inclusivei were found to have
an average toughness value of 52.3

A tor.rgtrness acceptance requirenent of 55 inslppounds per specinen would
reJect.5l of tlrre \tl specinens tes:ted. 0f 'these 51 specinensl 33 have less
than the reqdired specific gravity, and'18 have nore lfig. 16). 0f the 18
speginens of satisfactory speclfic gravity, 9 ghose'd a bnash breakr indica-
ting,posFible B.reocisting conpression fai:Lrnes or othertndesirable charac-
teristlce.' 0f,the l75..speslnens. ad$ltted,under this asgeptance requirenent,
I would be,qcctruded by ttre epeoific gravity.Lfunitation. :

:FcP.c-l:uslgns '' -

r t

Sapwood staln in the yellor-poplar studled wae noderate, and thi.s'naterial'
showed norual weight-strength relations. the varibiis discolorations of
heartw.ood, vrere also no.mal in their. weight-S.,tlre-ngth reLationohips. Certaln
brorrm colorations of solmd heartwoodq however, were alnost, indistinguislalrlg
fron the Frgql.r., of decay, and piecge w.ith such coLoratlons ehouH be ercclurilecl,
or a4pitte{, oplIr Fith extrene -cau!io4. S ve,niety of ttre specles ltnoun to
the trade ps llwhi-.terr poplar,was _eharggte..t:ized by greater weight end souerhat

. ' .higher strength.

There was nol,signlficant difference..ln spcif,ic grayity between, saprood, and
sound !re-grlwog-{,.-. TBst ,average.s:indisated, 6ome superi.orlt1i of so'tmd heartwood
overr's4prood of.,;!be sene;lqpight in bending st"rer€th and stlffness, and a
superiority .s.f. sapwood' in:shosk.,resistance, btrU the diffBren@s were not
large, and nay not be significara.. 

,
The nore inpgr.tant,str,.gngtlr val'rrcs correlated rat'her elesely rith sPecifio
gravity, but,',mUgh,less so rilh rate of grorrthr there xvas.a trend in tlhe
airecli6n of loueglgJngi{ie grayity (and conpequently J.ower Ft,rength) !d-th
slower rate of growth, altholgh individual acceptions were nrmersus, and ti
largely obscured t'tre relationshi.p. Thi-s trend agreed w'ith that observed in
pneviow stud:Les of. thp:FP99ies. Heartwood of rapid growttr (less than 10
annrral. rings per lneh) waq. lower in spcific gravity than saprvood of the
sane rate' of growth. : :.

Yelloiv-,pgplar 14 this study phowed a mgre,definite relationship betneen
toughness and specific gravity than has .be94 fo,rnrd for sone other species'
The larger group of data furnished by the Boeing airplane Conpany had a
siniLar gravity-toughness relation. There riras also a relationship between
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toirghness and nodulus of rrrpbrre (and posslbly also betneen toughness and
other etrength proprties), but less perfect than that between speci"fLc
gravf;ty and nodulus of rupture. It ie concluded ttrat strength propertles
of Srellow-poplar rnay be esti-nated nore reliably fron specific grafity than
fron toughness.

A suitable toughness requirenent for inslrotlon of yellow-trnplar appeare to
be 55 iactr-porrrds per speoinen. Ihie llnit rejects 22 percant of the spoGi-
mens in the pnesent strdy and seens to be adequatc for the eltnlnatlon of
brash baterial. lrfiost of t]re naterlal reJccted by a toughness requirenent of
55 incfr-pourds ie deficient ir both wefuht and etnength. lbls toughneeg
requinenent should supplenentr but not replace; the present epecific gravity
limitatlon for yellow-ppplar.
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Table 1.

Test I tltuUer of epec.i-loens fron niUI ,s Total
!eer*qe-t'---- ---i-i!|,||tttbef

sA  tB  tC  rD  !E  t .F  s .G  i
!e* ! r -a r !  e+-  ! r * r  !o - r * r !+ .a -

Speeific

Sta'tic bending

I t t t : . 1  :

i  b5 r 5lr  r  I  t  25 3 22.,39 t
t  t -  ' :  3  i . !  r :  . . t : :  ' i , : , .  3

, r  . l r5 r 5h,r 8 t  29 | ,22 .  39 |
t 3 ! t 3 t t
rb5:5 l r :8 t?5t22:39t
! t t l i 3 :
rb5:5 l r r  B tz5z22t39t
t 3 3 3 3 : l

gravitf, 57

57.

5t

5t

L2

39

39

10

I

s ?rO

? 250
a

t 25o

z 25o
a
a

r?0

r 18L

: 188
a
a

s59

, . : - :  ,  :
'TouEhness ',

A ' .Oompression parallel to graln

Hardness

Shear para},Ie1 to grain

Cleavage

Tension perpendicular to graln

Conp ress lonp r?end i cu la r t og ra in r lO  t l l +  s  12  311  s  5 t  6 t
3 : 3 3 : t :
r33 :39r13 t26 tU!23 t
t s l t t : 3
r33 : l r1  r12 t26zLb t23z
3 t t 3 3 3 i
.5 r  l l r l l t r  9s  5 t  5 t
s t s l ! t t
:5 r l l r :1 I r  9s  9 ;5 :10 : 5e

t----3--- !-.-orl--r*

z LriftrlTota1 ntmber of speclmens

ttons of ni1ls are as followe:
A - Clsysland, S. C,
B * KyIe, N. C.
C - Conasaugar Tenn.
D - Bluefield, ir. Va.
E - Onar
F - Tioga, 1ff. Va.
G - Damascus, Va.

2tDeteminatj.ons based qn the rrreight and volune when oven-dry of strnci-nens 2
lnches long, taken fron static bending testsr
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:NunberrPounds Der tPoundg per tPorgtde p6r
I tsouare lnchtsquare inchrsquare lr,lelr
t t t t

Color gtoqp

Sapcrood-

Unstalned
Sap stain, ltght gray
Sap staine nedir^u gray
Sap stain, heavy gray
Discoloration, tan
Diecoloration; tan, streaked

lSpecl-t Oroup
t neng I everage
t t valr.p

: Ida,fuun r Mlnlnun
r lndlvidrrall lndtvidual
I value I vahrs

I
I
t
a

a
t

a

a

a
a

I
I

t

I

a
a

I

a

t
t
I
t
I
t

I
t
a

t

a
I

l+O
22
IL
17
II
7

ho
36
25
L,
9

9ro7o
9r8oo

l0rILO
8r8Lo

1or98o
llr88o

10r710
9,7BO

1Or28O
?1860
7r820

t
a
a

LIgZO r 91100
]Jr96lo , 9t22o

t t S t

HEartwood

Noroal
Nomalr streaked
Bh.re-butt' red, purlple, gray
E1ue-butt' brown
Decay
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