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EffectofTemperatureonOrthotropieProperties
ofWood.ⅠⅠ.守

ProportionoftheTranswallFailure*1

ShigehikoSUzul(l*2,TakashiOKUYAMA*包

andShinTERAZAWA*8

木材の強度異方性に及ぼす温度の影響(第2報)1

細胞壁破断の出現率について*1

鈴木滋彦*2,奥山 剛*3,寺揮 真*3

前報l)の曲げ破壊試料について,破断面の観察を行い曲げ強さ異方性と組織構造との関連について検

討を行った｡ こ こでは柳 こ,引張側破断面における ｢細胞壁破断の出現率｣について観察を行ったが,

その値は配度の上昇とともに減少し,また応力の方向がT方向に近づくにつれて減少することが明らか

となった｡また出現率の温度による変化はT方向ではR方向よりも少なくなることが明らかとなった｡

温度ならびに角度の方向に対する曲げ強さの変化と細胞壁破断の出現率の変化は似た傾向をもっており

(Fig.1,Fig.5),特にラミン材についてはよく-致 したo

R-T面における強さ異方性は主として放射組織と細胞の配列形態に起因するものと推定されるo

TomakeclearthestrengthanisotropyofwoodinRTplane,theinnuenceofanatomic
structurewasobservedinthisstudy･As theindexofthefracturetypeofthecells,the
percentageofcellsbrokenbytranswallfailure(thepathoffailurecrossedthedoublecell
wall)Onthefracturesurfacewasdiscussed･

Itwasfoundthatthepercentageofcellsbrokenbytranswallfailureincreasedwitl-
decreascinanglebetweenradialdirectionandthestressdirection,andwithadecreasein
testingtemperatureforbothRaminandRedmerantiwood･Andthesetendencycorresponded

tothestrengthvaluesinRTplane(Fig･1andFig･5)･Butthedifferen?eofthepercentage
causedbytemperaturedecreasedwithanapproachtothetangentialdirection.

Anditcouldbeconsideredthatthedifferenceofthestrengthvaluesbetweenradialand

tangentialdirectionswascausedbythestrengthoftheraytissuesandthearrangementof
thecellschiefly･

1.1NTRODUCTION

lnthepreviousreport,1)theeffectoftempera-

turewasdiscussedontlleOrthotropICProperties

of green wood in RT planetTheOrthotropic

elasticltylnRTplaneconformstothecoordinate

I:ransformationlaw ofthecomplianceatvarious
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temperatures･Butthestrengthpropertycon丘,rms

toneitherHankinson'snorNorris'sequation･This
isattributabletothefactthatthefractureof

woodisnotelucidatedbythelineartheory･Even

ifthechangeofthestressdirectionconformsto
thetransformationlawofthestress,thefracture

conditionofwoodsubstancemightbechangedby

thestressdirection･Consequently,asaclueto

elucidatethefracturecondition,itisimportant

thatthefracturesurfacebeanalyzedbymeanof

microscopicoもservation

Whenthecauseoftheanisotropyofwoodare

discussedin RTplane,thefollowingthreehaveto

bepointed outin itsanatomicstructure;ray

tissues,thearrangementofthecellswithhigh
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degreeofradialorientation,andthegrowthring

structurewhichcharacteri21eSthetangentialdirec-

tion･Butthereislittlesignificanceindiscussing

thegrowthringStructureOnthespeciesofthis

study (Ramin and Red meranti)･ Schniewind

discussed the transversestrengthin connection

withtheraytissues?)KorAn3)andHayashietalチ)

pointedoutthatthepercentageofcellsbrokenby

transwallfailuredecreasedwithrisingthetestlng

temperature･

Inthisreport,thefracturesurfacewasobserved

in relationto thetestlngtemperatureandthe

anglebetweenradialdirectionandthestressdirec-

tioninRTplane･

2.MATERIALSANDMETHODS

Thisinvest瀞 tion wascarriedoutsucceeding

the previous examinationl),and the materials

preparedformicroscopicobservationwereRamin

(Gonystylussp･)andRed meranti(Shoredsp･)

whichwerefracturedinthepreviousbendingtest.

Theanglebetweenlongaxisofthespecimenand
radialdirectionwasdefined in relationtothe

stressdirection･Thestressappliedintheradial

direction correspondedto 0 degreeand inthe

tangentialdirectionto90degreesstressangle･A

term called s̀tressangle'inthispaperwasintro-

ducedastheanglebetweentheradialdirectionand

15 30 45 60759
Stressangle(degree)

(a)

thestressdirccti(- benLli-唱 亡LLSt,Wh(JSUWtⅠ､Was

15.0cm,wascarriedoutintnt,heilrct川trOlled

waterbathat2〔),40,帆 HOとuld()7FC･Fig･1shows

thestrengthvalucs･

sEMwasusedforthet'bstIrvationufthefracture

surhceandthepllOtOgr叩hing･YrllCOP-1Calmicro･

scope ofstercoscopIC 亡yPC Was used forthe

evaluation ofthe proportiMH ∴,どthe trilnSWall

failure･AfterbcndingとCSt,thecr;i-1SVCrSePhnCof

thetensionsideohhcspechTlenWasSlicedr)(fby

arazor,andthesh之lPCC,ドtllerr呈ICtur- fcellswas

observedwhilelldjustlngtheFocus,OneこtChcon･

dition,aboutrivclluTldredcL,llswlliLIIIStoodinthe

fractureplal-COltensiMlSide (,lthebe州ISWere

dividedintotlletrこtnSWallr;lilLl王･eilnd【hcintrawall

failure･Although itwasdifriculH odistmguish

strictly between tile tri川SWこIllrililurc'lndthe

intrawallfailure,itseemedtt,beilblLlt｡graspthe

differenceoftheinnucl-CeOFtlはtemPL･r紙IrCand

stressangleiFChedistinc亡i川-Wer- nadcunder

certain definition.ln thisstLldy.-thetranswau∫
failure'and t̀hCintrawi111rllilLlrC'wcredcfinedas

fo11ows‥In亡heobservilti(川orlhLAtransversePlane,
ifthecellinthefmcturcsurlaccindicatL,datube

shape(Fig･2a),itwitsdeFincd ilSLtheintrawall
failure'.IrthecellwaHindic;ltedasemicircleor

ahalfofatube(Fig･2bい twasclcilt･tlutthe

fracturepath crossedtl､ecL･llwこlll,thcrliEWas

0 15 3045 60 7590
Stressangle(degrecl

(tn

F ig･1･ Bendingstrengthatvariousstressanglesandatvarioustempcratures･

Note;Eachpolntrepresentsthemeanof7-10values.
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(a) (b)

Fig･2･Fracturetypeofthecelis･ (a)isaviewoftheinErawall
failureinRedmerantiwoodat208Cand(b)isaviewof
thetranswallfTailureinRaminwoodat20oC.

definedas'thetranswallfailure'･Bythisdefinition

'theproportionofthetranswallfailure'wascalcu-

1a亡edintheform ofA/(B+A)xlOO(%),whereA
andBwerethenumbersofthecellswhichwere

brokenbytranswallfailureandintrawallfailure

respectively･

3.RESULTSANDDISCUSSION

3.1 TheshapeoftheJTracture

lnthepreviousreportl),itwasfoundthatthe

modulusofelasticlty in RT planeconformed

approximatelytotilegeneral丘,rmulaofortho-

tropicelasticlty･Ontheotherhand,thestrength

valuesin RT planeappeared tonotobey亡he

schemewhichwasgenerallyacceptedinLRand

LTplanes.Thereforethegrossanatomicaldiscus-

sion isimportantfortheexplanation ofthe

behaviourofthestrengthvaluesinRTplanet

Theschemaoftheshapeofthefractureis

showninFig･3･ItshowstileCaseOfRaminwood

intransverseplane･Theseshapesofthefracture

wereabletobedividedintothreeclassesaccording

totherelationshipbetweenthefracturepathand

theanatomicstructure.Inthetwospecimensof

radialdirection,the fracturedevelopsstraight

alongtl,egrowthring,namelytothetangential

direction･In thetwospecimensof26and39

degreesstressangle,thecrackoccurstotheradial

directionatfirstanddevelopsindependentontlle

directionoftheraytissuesandthegrowthrings･

Andinthefourspecimensof51,64,77and90

degreesstressangle,thefracturealmostdevelops

6
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5

(

99品gP)athESS巴1S

Fig･3･SketchofthefracturepathonRTplane･
王･Fracturedevelopstothetangential

direction.

H･Fracturepathshowsdisorderedline･
ⅠⅠⅠ･Fracturedevelopstotheradialdirec-

tion.
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totheradialdirectionincreasingtheextentof

zlgZagWithdecreaseofthestressangle･These

groupsofthefracturetypeseemtocorrespondto

thestrengthvaluesobtainedfrombendingtestas

showninFig･1･ヱⅩaminlngthesevaluesclosely･

althoughevery pointagreesaPPrOXimatelywith
thelinewhichwascalculatedfrom theempirical

equationl),thesepolntSCanbeもrokenintothree

groups;thetwop｡lntSOftheradialdirectionaTd.

･13degreesstressangle,thetwopolntSOf26and

39degreesstressangle,andthefourpointsfrom

thetangentialdirectionto51degreesstressangle･

Andtheshapesofthefracturealsohaverelation

tothemaximum deflection(Fig･4)･Ifthecrack

runsZigzagasshowninthespecimensof26,39

and51degreesstressangle,maximum de鮎ction

indicatesalargevalueincontrasttothespecimens

oftangentialandradialdirectionwhichshow a

straightfractureline･

h greenconditionthefractureofthebeam,

whoselongaxisisperpendiculartothegrain,is

dominatedbythecrackofthetensionsideofthe

beam･Thereforethefractureoftheonlytension

sideofthespecimenigdeal亡withhere･Fracture

inthetangentialplaneasaresultoftheradial

stresswillbeexpectedinthepartoftheearly

woodifthewoodhasgrowthrings亡ructure.But
thereislittlereasontoconsideritonRaminwood

andRedmerantiwood.schniewindinvestlgated

thetransverseanisotropyofcaliforniablackoak

0 15 30 45 60 7590
Stressangle(degree)

(a)

Fig･4･Maximum dcnectionofRaT｡inwoodin
bending atvariousstressanglL･Silndat
varioustemPeratt】reS･

andpointedoutthaHhedifFL,Fencebetweenradial

andtangentialmaximum tensilestrengthvalues

canbefullyattributcd亡o亡hChigllradialmaximum

tensilestrengthoftherays?)lnthiss亡udy the

sameresultscanbeseenintheinnuenccoFray

tissues,bu= heraysorRami-iimdRedmcranti
woodareno亡aSbroadasthiltOFcali丘)rniablack

oak.ThusthecauseofthedifFel･enceofthe
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Fig･5･Proportionofthetranswallfailureatvariousstressanglesandatvarioustemperaturcs･
Foreachpointabout500callswereobservedonthefracturedsurface.



Vol･25,No･3,1979] EffectofTemperatureonOrthotropicPropertiesofwood･ⅠⅠ･ 181

stre-1gthvaluesbetweenradialandtangentialdirec一

一ionsisnotonlytheinnuenceoftheraytissues

butalsosomefactors,suchasthearrangementof
theceHs,thedirectionofthecrack,andsoon.

3･2 Relati(HISllipbetweentheproportionofthe

tf'answallfailureandthestrengthvalues

Fig･5sl10WStheproportionofthetranswall

failure,(a)and(b)arethecaseofRaminandRed

merantiwood respectively･In each figurethe

verticalaxisindicatestheproportionofthetrans-

wallfailure,thehorizontalaxisindicatesthestress

angleandthediagonalaxistemperature･Inboth

speciesthe proportion ofthetranswallfailure

increaseswithdecreasingStressangle,i･e･with

approachingtotheradialdirection.Asforthe

relationship tothetemperature,tlleproportion

increaseswithadecreaseintemperaturewithinthe

rangeorthisexperiment･OntlleOtherlland,the

bendingstrengthofradialdirectionishigherthan

thevalueoftangentialdirectionandincreaseswith

decreasing temperatureasshown in Fig･1･In

Raminwood,goodcorrelatiol,betweenthepro-

portion and thestrength valueisfound.The

relationshipbetweentheproportionandtempera-

ture have already been investlgated by some

researchersP)4)A relationshipbetweenthepro -

portionandstressangleisindicatedhereinFig･6･

Ramin

0 45 90

Stressangle(degree)

Fig･6･Comparisonoraproportionofthetrans-
wallfailuretothestrengthvalueforRamin
woodat20℃.

Note;EverypointF(0)wascalculatedas
follows

F(♂)≡
I(0)-I(900)

I(ooト f(900)

whereI(e)wasavalueofapropoト
ーionorabendingstrengthatstress
angleβ･

- △ - :bendingstrength

ltisfoundthattheproportioncorrespondstothe

strengthvalueinchangeOfstressangle･
From theaboveitcanbeconsider･edthatthe

proportionofthetranswallfailurecorrespondsto

thestrengthproperties,andtllatitisoneofthe

causesofthestrengthanisotropyinRTplane･

3.3 TheeNectofstressangleontheproportion

ofthetranswallfailure

Thedirectiontowhichthe丘acturedevelops

hasrelationtothestressangle,anditmustbe

emphasizedthatthecorrespondencetothearrange-

mentofthecellsintransverseplane･Ingeneral,

thecellsofwoodindicatehighdegreeofradial

orientationascomparedwiththearrangementin

thetangentialdirection･Thiscanbeexplainedby

theprocessofthetangentialdivisionofthecambial

initialasisknowngenerally･Thecellwallsofthe

newwoodtissues,whichareformedjustinsidethe

bark,increaseintheirradialdiametersduringthe

growlngSeasonanddivideintotwo･Thisprocess

ordivisioncontinues,aradialrowofcellsbeing

tl"sproduced･No matterhow each cellhas

isotroplCPropertiesinthetransverseplane,Wood

doesnothavethesamestrengthvaluesabout

differentdirection inRT planebecauseofits

differenceofthearrangementofthecells･onthe

anisotropyofthefracturetype,oneofthecon-

clusion becomesclear･Namely,ifthefracture

takesplaceintheradialplane,thereisafair

chancefortheoccurrenceoftheintrawallfailure,

andiri=akesplaceinthetangentialplane,there

ismore possibility ofthetranswallfailureas

comparedwiththecaseofthefractureinthe

radialplane.

Therefore,asitispresumedthatthestrength

valueincreaseswithincreasingpossibilityofthe

transwallfailure,itcanbeconsideredthatthe

strengthpropertyofwoodinRTplaneisaffected

bythearrangementofthecells･

TheactualsectionobservedbyasJ三Misshown

inFigl2･Fig･2aisaviewofradialplanefracture

ofRedmerantiwoodat20oC･Atlowertempera-

tureintherangeofthisstudy,fractureinthe

radialplaneastheresultorthetangentialstress

tendstooccurinsomeareasalongandwithinthe

doublecellwall.Incontrastwiththis,theふacture

pathinthetangentialplaneoftheradialspecimen,
astheresultoftheradialstress,tendstocrossthe

cellwalLFig･2bshowsaviewoftangentialplane
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(a) (b)

Fig･7･FracturesurfaceofRedmerantiwoodat20℃･(a)lnthe
radialplane.(ら)Inthetangentialplane･

fractureofRaminwood at20cc･Fractureap-

parentlygoesthrough thecellandhencebreaks

thecellintotwopieces･Fig･7showstheseparated

surfaceofRedmerantiwood･Fig･7aisaviewof

radialsurface ofthetangentialspecimen and

Fig･7bisaviewoftangentialsurfaceofthcradial

specimenwhichwasbrokenbytheradialstressat

20oC･Itisobviousthatthe丘acturetypevaries

withthestressangle･

3.4 TheeNectoftemperatureonthepropor-

tionofthet7･anSWallfailure

As isobservedinFig･5,theproportionofthe

transwallfailureisaffectedbothbythestress

angleandtemperature･Theeffectoftemperature

isattributabletothedifferenceoFtheproperties

ofthecomponentswhichform thecellwalland

intercellularlayer･Eachcomponentindicatesdif-
ferentbehaviouratvarioustemperatureagainstthe

externalforceF)Koraninvestlgatedtheeffectof

thetemperatureonmorphologyoftheseparated

surfaceusingBlackspruceヲ)andHayashietal.also

studiedituslngLawsoncypressandBunaチ)And

theystatedthatthedroplnthepercentageof

cellsbrokenbytranswallfailureastemperature

increasedwasapparentlyduetotheso丘enlngOf

thehemicelluloseandlignln･Inthisstudyon
RaminandRedmerantiwoodtheeffectoften_

peratureshowsalmostthesametrendastheir
result.Butthereisadifferencebetweenradialand

tangentialdirectionsITheeffectoftemperatureis

obviousinthespecimenofradialdirection,how-

everitbecomesObscurewithapproacllingtothe

tangentialdirections.Itseemsthatthefracturein

thetangentialplane oftheradialspecimen is

affectedby thesoftcnlng Ofintercellularlayer.

Fig･8･Fracturesurfaceintangentialplane
ofRaminwood.

(a)At20oCand(b)at80DC.
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An dasthefractureintheradialplanetendsto
occurwithinthedoublecellwallevenatthelower

temperature,itcanbeconsideredthattheinnu-

enceofthesoftenlngOflignlnandhemicellulose

doesnotappearinthetangentialspecimen･

Photographsoftangentialsurfaceoftheradial

specimenseparatedbyradialstressareshownin

Fig･8,(a)and (b)indicatethefracturedsurface

oftensionsideofRaminwoodattemperature20

and800Crespectively･Althoughcellsarebroken

もytranswallfailureat20oC,the丘acturedevelops

alongtheintercellularlayeratso℃.Fig･8balso

showsthatraytissuesareseparatedbyintrawall

failureathighertemperaturel

4.CONCLUSION

From theappearanceofthefracturepath,the

shapesofthefractureweredivided into three

groups･And itcorrespondedtothemaximum

de鮎ction･Themaximum de鮎ctionorthespeci一

menwllicllindicatedthezlgZag丘acturepathwas

larger than that wllich indica亡ed the straight

fracturepath･

TheproportionofthetranswallfailureshowedI

thesametrendasthestrengthvaluesinchangeof

stressangle･EspeciallyinRaminwood,thedis-

persion ortheproportion corresponded to the

dispersionofthestrengthvalues･

111theradialdirectiontheproportionofthe

transwallfailurewashigherthaninthetangential

direction･Anditdecreasedwithincreaslngten-

peraturewithintherangeoftemperatureofthis

study,butitsdifferencecausedby temperature

decreased with approaching to the tangential
direct10n.

ltwasfound thatathighertemperatureray

tissueswerealsoseparatedbyintrawallfailure･
Itcanbeconsideredthatthedifferenceofthe

strengthvaluesbetweenradialandtangentialdirec-

tionsischienycausedbynotonlythestrengthof

theray tissuesbutalso tllearrangementOrthe
cells.

Acknowledgement Theauthorsareindebted

tomembersoftheWoodPhysicsLaboratoryin

NagoyaUniversityfortheirhelpduringthisstudy･

Further,theauthorswishtothankProf.F.Saito

andAssociateProf･NIHirai(Shizuokauniversity)

fortheirconsiderableadviceandcriticalreadingof

themanuscrlPt･

A part or thisstudy was Supported by a

ScientificResearch Fund from the Ministry of

Education,Japan･

REFERENCES

1)T･Okuyama,S･suZuki and s･Terazawa:
MokuzaiGakkaishi,23,609(1977)

2)A･PISclmiewind:For.Prod･J.,9,350(1959)

3)Z.Koran: Tappi,50,60(1967)

4)K･Hayashi,Y･KanagawaandS･Terazawa:
MokLEZaiKogyo,28,249(1973)

5)D･A･I･Goring:PulpPaperMag･Can･,64,T-517
(1963)


