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監相加せofGrai丑-Amg且eo且-Co‡叩 瞳xYotmg'sModu丑usE*
oFS那ucem1d掴oo*l

KiyoshiⅠsHIHARA*B･*J,NobuoSoBUE*2

andTomioTAKEMURA*出

スプル- ス ｡ホオの複素弾性率 におよぼす

繊維傾斜角の影響 *1

石原 浄*B･*}',祖父江信夫*5',竹村富男*B

スプル-ス ･ホオの複素 ヤ ング率茸*し-E′+iE〝j および力学的損柴正接 tan∂におよぼ す繊稚 傾斜

角の影響 を,減枠三状態 宅､1'0℃,dmmHgJおよび気乾状態 (岩o℃,R.H.65藤;スブルースのみ)で振動 7)

- ド法によ り検討 した｡減圧状態では,E',E〝は繊維傾斜角 甲の増加につれて急激に減少 し,とくにス

プル-スでは著 しい異方性 を示 したtこ,これに対 して, tan∂は 甲の増加につれてわずかに増加するだけ

で,異方性はきわめて小 さか った しFigs.2,3,4)rJ

次に H /,ガ〝,tanβと甲との関係 を数学的に表示するため, 異方性弾性体におけるヤング率と主軸の

の傾斜角との関係 を複素弾性率の実数部 ･虚数部にそれぞれ形式的に適用 し, (5),(7),(8〕式よりE/,

L]〝,tanβを凱t拍-るとFi卵 .5,6,8のよ うにな り,計算値は繋験値 とかな り良い一致を示すことが兄

いだされたr,

Effectsof､grainangleinL-氏planeorSpruceand‖oooncomplexYoung'smodulusE*(=E'十iE'')
andlosstangenttanβWereinvestigatedbythevibratingreedmethodatvacuumedstate(20℃,4mmHg)

andathumidifiedstate(ュo ℃,R.H.65g('･,OnlySpruce).Atthevacuurnedstate,ElandE''showed

remarkableanisotropy.Ontheotherhand,tan∂increasedgraduallywithincreaseofgrainangleP

anditsanisotropywasverysmall(Figs.2,3and4).TheE',theE''andthetan∂ofSpruceatthe
humidifiedstateweresmallerinE'andlargerinE''andtan∂thanthoseatthevacuumedstate,

respectivelytFigs.2and3).

ThemathematicalexpressionsofanisotropiesofcomplexYoung'smodulusandlosstangentwere

examinedbasedontheformalapplicationsoftransformationformulaofstraintensorinelasticbody.

Then,itwasfoundthatthecalculatedcurvesordynamicYoung'smodulus,lossmodulusandloss

tangentagamStgrainanglegavereasonablygoodagreementwiththeexperimentalresults.

1.1NTRODUCTION

Ananisotropyormaterialattractsourattention什om

theviewpointofthedesignsofcompositematerialsor

therationaluseofmaterials.Wood aⅠSo naturally

possessesanisotropICProperties.Thisisgoodforproper

utilizationsorwood.TheanisotroplCelasticityofwood
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inquiriesshouldbemadetosecondauthor.

andwoodbasedmaterialshasbeenstudiedbymany

researchersand itsresultshavebeenappliedtothe

fieldsoflaminatedwoods,plywoodpanelsandshells,

woodmembersorstmcture,etc.Ontheotherhand,

thetreatmentsordynamicviscoelasticpropertiesor

woodhavebeenlimitedtoonedimensionalanalysュs,

and the studiesofeffectsofgrain angleon the

viscoelastic propertiesalso havenotbeensomuch

reported.1トS),7) Recently we have investigated the

anisotropyormechanicallosstangentconcerniI鳩 the

findingofaproperindexofthewoodforrnusical

instmments.

Thispaperdealswithanexperimentalstudyorthe
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effectsofgrainangleondynamicYoung'smodulusg′,

lossmodulusg‥andmechanicallosstangenttan∂of

SpruceandMoo,andmathematicalexpressionsofE',

g‥andtan∂againstgrainanglep.

三.MATERIALSAND METHODS

3.IMtllt,rials

Speciesused were SprLICe ('PI'cea sp.)and ‖oo

(Magnl)lid()b()I,alaThumb.).Sizes,specificgravitiesand

moisturecolltelltSOFspecimensareshowninTable1.

GrainanglesofspecimensP(inclinationanglebetween

thelongitudinaldirectionofspecimensandfiberaxis

Bo o andgooinLRplane.Thenumbersof甘specimens

weretllreeateachgrainangle.

ThelengthofspecimenwascontroHedtokeepthe

resonancefrequencyalmostconstanHabout85Hzboth

inSpruceand‖oo)ateachgrainar唱Ie.

2._? Methods

F'andtansweremeasuredbythevibratingreed

method.

Thevibratingtestwasdoneinadesiccatorinwhich

moistureconditionwascontrolledat20℃,R.H.65%

bysaturatedNH4NO3 SOlutionandatユ0℃,atm.p.4

mmHg.

The denection ofspecimen wasmeasured by a

microscope with a micronleter, and the resonance

什equencywasmeasuredbyanelectroniccounter･

3.3 Pre-examinalJ'()nJbrdetermL'ningthemagnz'-

tudesofboththeclamptof･queOfsample

holderand thedeJ7ect1-on()Ispecimenat

再bralinglest

Therelationbetweenclamptorquewhichwasregu-

lated with atorquewrenchandE'andtan∂ inL

directionofHinoki(ChamaecyparL'S(jbtusaEndl.)was

examined.ItwasprovedthatElandtansWerealmost
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Fig.1.Effectofdeflectionofspecimeninvibrating
testondynamicYoung'smodulusE'andloss

tangenttan∂ inHinoki. 0:ユ0-℃,R.H.65乳
⑳ :20℃,4mmHg.

constantabovethetorque0.三kg･cm.Sothat,thea.lamp

torquewasregulatedto 0.25kg･Cm intheFollowing

experiments.

Theeffectsofdenectionofspecimensatvibrating

testonElandtan∂ofHinokiareshowninFig.1.F'

decreasesslightlywiththeincrease ofthedenection.

Thetan∂intheexistenceofairisaffectedverymuch

by thedenection becauseorthedampingeffectof

the,air.Theeffectofdenectionatvacuumedstateis

verysmall.

But,thedecreaseofthedeflectionoFspecimenmakes

theexperimentalerrorincreaseinmeasurlngOfdenec-

tioll,SOthatthedenectionorspecimenwasregulated

to0.3mmimtllisstudy,

3.RESULTSANDDISCUSSIONS

EffectsofthegrainangleP inLRplaneonE',E''

andtan碁ofSpruceat20℃,R･li･65% andat201℃,

vacLIumedstatearesllOWIlinFigs.ヱamd3.Thedynamic

Young'smodtlliatbothstatesdecreaserapidlyinthe

regionOo< 甲<30°,andoverallgrainanglestheE'at

vacuumedstateisslightlylargerthanthatathumidified

state.Thelossmodulialsoshow thesamechangesas

E'againstgrainangle,buttheE''atvacuumedstateis

slightlylessthanthatathumidifiedstate.Thisresults

TableI. Specimensandconditionsofmeasurements

Conditions Specific Moisture Sizes(mm)

species 霊:詰itayndRelative pressure fer:tvityat ;eosT(7gno;at Length * Width Thickness

Spruce
2化 R･H･65% lat-･ 0･45-0･5･2 10･9-12･6 100品 10 1

20で, 4mmHg O･44-0･50 .･2-1･7 100;3 10 1

Hoo 20℃, 4mmHg 0.39-0.45 0.8-1.5 87-57 10 1

*Lengthwascontrolledtokeeptheresonancefrequencyconstant(about85Hれ
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Fig.2.RelationsbetweendynamicYoung'smOdulusP.'′

orlossmodulusE''andgrainangleダーinSpruce.
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Fig.3.Relationsbetweenlosstangenttanaandgrain

angleP inSpruceand‖oo.

From thefactthatthetan∂atvacuumedstateisless

thanthatathumidifiedstate,asshowninFig.3.

Thesimilarresultswereobtainedabout‖ooatユ0℃,

vactlumed stateasshown in Figs.3and4,butthe

decreasesof-E'andE''againstgminang一eatsmall

grainanglesweremoremoderatecomparingwiththat

orSpruce.

ltisveryinterestingthatthereareremarkabledirrer-

encesofanisotropybetweenE'orE‥andtan貞.These

differences perhapscome from the differences in

mechanism oftheresponsesElorE‥andtansto

mechanicalstimulus.

FortheexpressionofanisotropyofdynamicYoung's

modulusElofwood,Hearmon6),Matsumotol)and

otherresearchersappliedthewell･knowntransformation

5
tTut･TJaul.P,JiOtl.i

.山

lloo 20oC,4 mmHp.

50
Grain an募le (degree)

:う77

Fig,4.RelationsbetweenE'orE''andgrainangleP

inMoo.

formula('),8)toelasticbody

Sll川 =SllllCOS4甲十S2222Sin4甲

十 (2Sl122十4S1212)sin2甲cos2甲,

Or

忘詫 +告 ･ l望項 志 -普 ),

(..1)

(2)

totherelationbetweenE'and甲 ,

去 -意 瑞 十出損 竜 - 普 )I (3)

where,[=cosp, m=sin甲,揖 and E; aredynamic

Young'smoduliinthedirectionofprincipalaxesXand

Y,respectively､Gx'y isdynamicshearlngrnOdulusof

rigidityandリiisdynamicPoisson'sratio.

Thc calculated valuesbased on Eq.2gavegood

agreementwiththeirexperimentalresults.

InEq.3,ifweputp= 45㌔weget

(嘉 -普 )-境 一意 宣 ･ (4,

SubstitutingthisrelationintoEq.3,wehave

表 意 +老 十IW (意 一意 一意 ), '5,

whereE4'.iisthedynamicYoung'smodulusinthe

direction450from thefiberaxis.InEq.5,thenumbers

orindependentconstantsreducefrom fourinEq.3to

three.ThismeansthatdynamicYoung'smodulusatan

arbitrarygrainangleispredictedwiththreeindependent

experimentalvaluesE右 E4'SandEi.

TheapplicationsorEq.5toourexperimentalresults
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Fig.5.ComparisonsofEq.5(solidlines)Withexperi一

mentalvaluesofE'ofSpruce and Moo at
vacuumedstate.

ofE'areshowninFig.5assolidlines,andtheapplica-

bilitiesarereasonablygood.

Ontheotherhand,anapplicationoftransformation

fomulatotherelationbetweenlossmodulusE''and

gralnanglehasnotbeentriedforwood.

Asmaybeseenin Figs.2and4,thedatapointsof

EHshow similarchangesasthoseofE'againstgrain

angle,sothataformalapplicationorEq.2tothe丘り′

wasexamined,thatis,

表意十音･l2-a(嘉一薯), (6,

0rsubstitutingp=45oinEq.6,

女 -妾 .蚤 +la-A(意 一意 一宣 )･ (7)

whereE4';isthelossmodulusinthedirection450 from

thefiberaxis.ThesolidlinesinFig.6showthecurves

ofE''calculatedfrom Eq.7.Thereisreasonablegood

agreementbetween datapointsandthecurvesfor

Spmceand‖oo.

Asfurtherchecksonthevalidityoftheseformal

applications,theexperimentalresultsofE''ofSugi

(CryptomeriaI-aponica D.Don)obtainedbyMatsu-

motol)wereexamined(whereE''wascalculatedfrom

hisdataofE'andlogarithmicdecrement.i=7F.tans

bythemethod offreelfreebeam vibration).Fig.7

showsgoodfitofthedatatoEq.7,whereasthefitin

SugiⅠⅠIispooratsmallgrainangles.Thismaybedue

tothepoomessofthefitofEq.2totheexperimental

resultsofE'atsmallgrainangles.

Thesefactsaboverepresentthevalidityofformal
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Fig.7.ComparisonsofEq.7(Solidlines)Withexperi-
mentalvaluesofE''ofSugi.0,+..experimental
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applicationofEq.2toE''aswellasE'withinthe

limitorexperiments.

Thenwewouldcalculatethetan∂什omtherelation

tan∂=E''/E', (8)

whereE'andE''arealsosubstitutedbyEqs.5and7,

respectively.Losstangenttansisconsideredasoneof

theindicestoselectsuitablewoodsformusicalinstm一

ments,andisoftenusedratherthanE''.



Fig.8showscomparisonsortan∂ calculatedFrom

Eqs.5,7and8withexperimentalresultsofSpruceand

HootFig･9Showsthesameapplicationstotheexperi-

mentalresultsortan∂ byMatsumotol),wheretan∂

wascalculatedfrom hisdataorlogarithmicdecrement

JL Thereisreasonablygoodagreementbetweenthe

experimentalresultsandthecalculatedcuⅣes･

ThefactthatdynamicYoung'smodulusE'andloss

modulusE''agalnStgrainanglecanbeexpressedbythe

sametypeorthetransformationformulaEq.Ior2is

｣⊥_｣ ._⊥ ⊥ ｣_｣J00 50 90
Grain an宜le 〔degree)

Fig.8.ComparisonsofEq.8(Solidlines)Withexper i ･

mentalvaluesoftan∂ ofSpruceand‖ooat
vacuumedstate.
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Fig.9.ComparisonsofEq.8(Solidlines)Withexperi-
mentalvaluesoftan∂ofSugi･O,●:experimental

valuesobtainedbyMatsumotol)I

veryinterestingandperhapshasanimportantphysical

meaning,thot唱hitisunknownyet.Theoreticalsub-

StantiationsoftheformalapplicationsoftheFormula

shouldbeestablishedinfuture, buttheresultsofour

investigationswouldgiveussomecluestoextendthe

dynamicviscoelasticlawsfTromonetotwodimensions.

4.CONCLUSION

Itisknown thatexperimentalvaluesordynamic

Young'srnoduliagainstgrainangleagreefairlywellwith

the cuⅣe based om thetransformationFormulaof

elasticbody,andthattheanisotropyoftan∂isfairly

lessthantllatOrdynamicYoung'smodulus.Thesame

resultswerealsofoundinourexperiments.

Thevaluesorlossmoduliagainstgrainangleshowed

thesimilarchangesasthoseofdynamicYoung'smoduli.

Then the Formalapplication orthetransfわrmation

formulatolossmoduliwasexaminedandtheresults

showed reasonablygood agreementbetweentheob-

servedandthecalculatedvalues.

A similarexpressionoflosstangentagainstgrain

anglewasalsotriedthroughapplyingthetransformation

fTormulaformallytodynamicYoung'smodulusandloss

modulus,and reasonable agreement between the

observedandthecalculatedvalueswasobtained.

ItfollowsthatcomplexYoung'smodulusandloss

tangentatanygrainanglecanbeexpressedbythe

formalapplicationsofthetransfTorrnationformulato

eachcomponentofthecomplexYoung'smodulus.
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