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NobuoSoBUE*2andAkimitsuAsANO*3

木材の半径方向のき裂進展におよぼす

負荷速度と含水率の影響 *1

祖父江信夫*2,浅野昭光*3

木材の半径方向のき裂進展におよぼす負荷速度と含水率の影響について検討した｡

ベイスギの片側き裂試験体 (SEN-TR)の曲げ試験 (ASTME399)により,インス トロンタイ

プの試験機を用いて,クロスヘッド速度 100, 10,I,0.I,0.01,0.005mm/min,含水率 6.9%,208%

(平均値)の条件で破壊敵性試験を行った｡

高含水率相の破壊敬性値 KICはクロス-ッド速度の上昇につれて増加したが,限界荷重におけ

るき裂開口変位 CODcはほぼ-定借を示した.COD｡破壊基準を考慮してZenerbodyによる粘

弾性モデルから予測した限界荷重は,実験値の傾向とよく-致したO

低含水率相においては,速いクロス-ッド速度の領域では速度の上昇につれてKICは若干低下

し,KIC概念による破壊基準が有効なことがわかったOまた,低速度域では高含水率材と同様な傾

向が認められた｡

TheeffectsorloadingspeedandfnOisturecontent(MC)oncrackpropagationintheradial

directionofwesternredcedarwereexaminedaccordingtoASTM StandardE339.Thecrosshead

speedsusedwere100,10,1,0.I, 0.01,and0.005mm/min,andtheMCswere6.9and208%on

aVerage･

Thestress-intensityfactor(KIC)ofhigh MCspecimensincreasedwithincreasingcrossheadspeed;

however,thecriticalcrackopenlngdisplacementwasalmostconstant.Thecriticalloadwhichwas

estimatedfromtherheologlCalmodeloraZenerbodyandthecriticalcrackopenlngdisplacement

(COD)fracturecriterionexplainedveryweutheexperimentaltrendoftherelationshipbetween

criticalloadandcrossheadspeed.

InlowMCspecimens,KICSlightlydecreasedwithincreasingCrOSSheadspeedinhigh crosshead-

Speedtests.However,lowMCspecimensinlowcrosshead-speedtestsshowedthesametrendasin

highMCspecimens.

1.INTRODtJCTⅠON

Moisturecontent(MC)andthestrainorstressrate

aretheprlnClpalfactorsa胞ctingthemechanical
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propertiesofsuchhygroscoplCandrheologlCalmate-
●

rialsaswood.

TheapplicationoffTracturemechanicstowoodis

becomingpopular,andtheMCeffectonthefracture

toughnessorwoodunderequilibrium MCト4)and

non-equilibriumMCS)conditionshavebeenstudied.

However,onlylimitedstudiesonthestrain-ratee脆ct

havebeenreportedotherthanthatbySchniewind6)

andbyBajoletandothers.7)

Thisworkisdirectedattheeffectsofloadingspeed
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amdMC on thefracturetoug丑1neSSOFthecrack

openlngmode,KIC,aridthefracture mechanismof
●

wood specimens of the single edge-notched

tangentialィadial(SEN-TR)system.TheTRcrack

propagationsystemwasselectedbecauseitisoneof

themostprobablecasesorwoode油ibitingbrittle

f-racturebehaviorduringtheusageofwoodand

woodprocessingaSinsurfacecheckpropagation

duringthedrylngOrlumberandincheckformation
●

orveneerduringVeneerPeeling.

2.MAT瓦R耳ALANDMETHOD

Western redcedar(Thujaplz'cataD.Don)was

used･itsspecificgravitylnanair-driedconditionwas

O.313.

Fracturetestsweremadeaccordingto ASTM

Standard E339.8) Bendingfracturespecimens,12

nlm X 24mm 冗 120mm,WeredesignedasSEN

specimensoftheTRcrackpropagationsystem.A

notchwascutinitiallyIntoeachfracturespecimen

usingathinbandsawtoa9mmdepth;thenitwas

extendedbyarazorbladesothat仙erlnalnotch-

1engthwas12mm.Thecrossheadspeedsusedwere

100,10,I,0.1,0.01,and0.005mm/min.Thecrack

openingdisplacement(COの)wasmeasuredbyaclip

gagewhichwasattachedtothesmaH-knifeedge

gluedatthecrackmouth.

Aiトdried andwater-saturatedspecimenswhose

MCswere6･9and208%onaverage,respectively,were

used,andthetestsweremadeat20℃.ThehighMC

specimenswerewrappedwithplasticrHmduringtests

toavoidtheevaporationormoisture.

Thecriticalstressintensityfactor,(KIC),WasCalcu-

latedbytheisotropICSOlutionofTada,9)

KIC-謡 vr&lF(a/W), (1)

wheTePQ isthecriticalload,Sthespan,a the

thicknes'sofaspecimen,Wtheheightofaspecimen,

athenotch'depth,andF(a/W)aformfactor.
ThePQ usedforthedeterminationofKICWas

computed accordingtotheprocedureofASTM

StandardE339･However,itwasnotpropertoadapt

itforhighMCspecimensbecauseofthenonlinear

behaviorin load-COD diagrams.Therefore,the

i:POlntatWhichanabruptchangeinslopeontheload
l

-CODdiagramoccurred,waschosenfわrhighMC

specimens.

3.RESLT且J甘SAN互)D互SCUSST10N

Load-CODdiagramsg且Vefundamentalinforma-

tionaboutthefracturemechanismofspecimenswith

cracksasinthesress-straindiagramsofcieaト WOOd

specimens.

FigureIshowstypICaHoad-CODdiagrams･Low

MC specimensshowed almostlinearloaかCOD

diagramsuptothefailureload･ⅢighMCspecimens

however,Showednonlimearbehaviorfromlowstress

levels.

Theinitialslopeoflhe且oad-COD diagramsof

bothlowMCandhighMCspecimensdecreasedwith

decreasingcrossheadspeed･批sinterpretationfrom

theconceptoflinearelastic fracturemechanics

(LEFM日sthattheapparentYoung'smodulusor

wooddecreaseswith decreaslngCrOSShead speed･

ThistrendusuallylSShowninYoung'smodulusol

cleaトWOOdspecimens.

0.5

COD (mm)

Fig･i. Effectsofloadingspeedandmoisturecon-
tentonload-CODdiagrams.

Note: a,b,andccorrespondtocrossheadspeeds
lOO,1,andO･005mm/min,respectively.

Legend:--,HighMC-specimen;- ,LowMC
specimen.
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『igure2showstherelationshipbetweenK玉C and

抽e王ogari撒morcrossheadspeed.AlthoughlowMC

specimenshadconsiderabledispersionordata,KIC

exhibitedamaximum aもabout1mm/汎inincross-

headspee乱甘hediminutionof､KI仁abovethispoint

canbeinterpretedfrom theLE『M conceptasthe

effectof､thestressconcentrationnearthecrack岬

whichwascausedbythe壷ncreaseofthee且asticltyOf､

specimensasseenintheinitialslope changeofthe

load-CODdiagrams.AccordingtotheLEFMtheory,

theYoung'smodulusisproportionaltotheslopeor

theload-CODdiagrams.

Schniewind6)alsoreportedadecreaseinstrength
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Figl2･Re一ationship between KIC andcrosshead
speed.

Legend:㊨,HighMCspecimen;O,LowMCspec-
Lmen.

withdecreasingtimelofailureinramploadingmthe

LT(longkudinaトtangential)system:namely,thata

fhilurcloaddecreasedwithanincreaseofcrosshead

speed.Thecausewasexplainedtobetheredistribu-

tionorstress,whichistime-dependent,rlearthecrack

tip.

However,thediminutionofKIC atlowcrosshead

speedcannotbeexplainedfromtheLEFMconcept

insuchlowstrain-rateregionsWheretherheologlCal

behaviornearthecracktipprobablywouldholdthe

keyorthecriticalconditionoffailure･

Ontheotherhand,highMCspecimensnoticeably

exhibitedpositiveslopesintheKfCVSlogarithm of

crosshead-speedplot･Thesamephenomenonwas

roundinitiaHybyBajoletandothers7)intheSEN-TR

tensionspecimensofgreenEuropeanbeech(Fagus

9

sylvazicaL.).銅owever,軸eexplanationofthistrend

from theLEFM concepta且soisdimcu旺 TheKIC

probablydoesnothavethephysica且meanlngaSdoes

thestressintensityfactorinthecaseofwhenload-

CODdiagramsexhibithighlynonlinearbehavior.

TheKICCOnCePtisafYacturecriterionbasedonthe

stressconditionnearthecracktip.TheCODconcept

isanotherconceptbasedonthedeformationorthe

materialnearthecracktlP:namely,afractureof
■

materialwithacrackoccurswhenacrackopening

reachesacriticalvalue.Thisconceptwasintroduced

fordescribin圭Hhecriticalconditionofcrackpropaga-

tioninductHematerialsandnonlinearelasticmate-

rials.
●

TheopeningOraCrackatitstipisdistinguished

from theCOD,inotherwords,clipgagedisplace-

ment,andisdenotedascracktipopenlngdisplaced

mcnt(CTOD).However,theclipgagedisplacement

usu調lylSusedinstead oFCTOD becauseofthe

facilityofexperiments.

The relationship between the critical COD

(CODc)andthelogarithmorthecrossheadspeedis

showninFigure3fわrbothlowMCandhighMC

●
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Fig･3･RelationshipbetweenCODatcriticalload
(CODc)andcrossheadspeed･

Legend:⑳,HighMCspecimen;O ,LowMCspec-
1men.

specimens.TheCODcofhigh MCspecimenswas

almostconstantagainstcrossheadspeed.Thisfact

meansthattheFracturecriterionofhigh MCspGCも一

menscanbegivenbytheCODconcept.Thisfactcan
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beinterpretedalsoasproofoFthevalidityofthe

genera丑izedSt･Venamtassum押Onthatthe訂eisa
■

criticalstrainthatdeterminestheruptureofamate-

rial.

Then,arheologlCalmodelus且ngtheZenerbodylO)

(three-elementmodel)shown in Figure4 was

E I

Fig･4･RheologlCalmodelof軸eZenerbody.
●

Note: HlandH2representHookianelements,and
NrepresentsaNewton五anelement.

examinedtorepresentthetrendoftheKIC VSloga･

rithmofcrosshead-speedplotofhighMCspecimens･

Thisapplicationisもasedontheassumpt10mSthatthe

fractureprocessofspecimensfundamentallybelongs

tothatoraTheologicaloneandtIlatthespecimens

haveonecriticalCOD valuethatdeterminesthe

rupture.Here,thecriticalloadwasusedinsteadof

KICbecausetheKICProbablyhasnophysicalmean-

ingaSthecriticalstress-intensityfactorundersuch

conditionswhentherheologicallaw governsthe■

physicalpropertiesorwood.

IntheZenerbody,becausethestrainratesinthe

HookianelementHlandinthebranchofHookian

elementH2 andtheNewtonianelementNarethe

same,wehave

富 士 等 - ま 晋 十%･ (2,

p-Pl+P2, (3)

wherePsareforcesglVentOeachelement,6isCOD,
Csarestiffnessofeachelement,んisaviscous

constant,and∫istime.

FortheconstanトrateCOnditionofCOD,thefol-

lowingSOlutionisgiven:
● l■● ● ●

p-C10･kkv(1-exp上意 ･)), (4)

wheredG/di=kv(V;Crossheadspeed,k;acon-

stan廿

Then,substitutlngthefractureconditionthatthe

lMokuzaiGakkaishE'

cr摘calCOD isconstant,thatis,6-CODc,the

criticaHoadPcisglVenaS

pc-cICOD｡+k掴 l-exp巨 常 ))･ (5)
Equation5representstherelationshipbetweena

criticalloadandcrossheadspeed.

Theresultsofthecurverlttingmadebytheleasi

squaresmethodisshowninFigure5wherethe

冒

)

p

d

OI
T
tl

aTT
T
J
U

~持 - ~ ~ ~

● ′

○ /@'
′

● ′
′′

_l ~

●●

●

● _ 一 一 一 一 ● ■
■■■

一 一 ●

■′ ○

●

-3 -2 -1 0 1 2

I.ogarithmofcro88head Speed (nm/凪in)

Fig･5･PredictioncurveofthecriticalloadofhiEh
MCspecimencomputedfromtherheologlCal
modeloftheZenerbody･

constantsCユニ22.4(N/rnm),C2 - 10.8(N/mm丸

andkA=4.55(N/(mm/min))wereobtained.The

curveobtainedrepresentsverywellthetrendofthe

experimentalresults.Thisfactprovesthatthefracもurc

ofhighMCspecimensfundamentallyfollowsthe

fractureprocessofrheologlCalbodies.Thelinear

regressionofFigure2seemstoresultinabetもercurve

fittingthanFigure5.ThedegreeoffitnessoFt】鳩

predictioncurvedependsonthenumberofelements

ofthemodelused.However,thesirnleZener-body

modelcanexplaintheessentialeffectoftheviscoelas-

ticltyOrWOOd.

TheCODcoflow MC specimensseemstobc

almostconstantbelowabout1mm/minofcrosshead

speedandtograduauydecreasewithincreasing

crossheadspeed･ThistumlngPOlntCOincideswi仙
●

thatintheKlcvscrosshead-speedplot.Thismeans

thatthefractureprocessatbelow Imm/minin

crossheadspeedfollowsarheologicalfracturewhose

mechanismissameasthatofhigh MCspecimens,

andthatatabovethepointfollowsabrittlefracture
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whichcanbeexplainedby抽e乳児『M concepも･

4.CONC王JUS王ON

Afracturemechanics'approachfわrunderstanding

theloadingspeedandMC effectsom抽efracture

criterionsofwood specimenswith acrack was

examined.

亙nconclusion,thefracturemechanismofwood五m

theTRcrackpropagatiormystemdependsomcross-

headspeedandMC.ThelowMCspecimensinlow

crosshead-speedtestsandthehighMC specimens

exhibitrheologlCalfracturebehaviorswhichcanbe

explainedbytheCODcconcept.The且owMCspeci一

mensinhighcrosshead-speedtestsexhibitabritt旦e

fTracturebehaviortowhichtheKIC ConceptCanbe

applied.

REFERENCES

I)Petterson,R.W.;Bodig,I.:WoodFiberScl,

15(4),302-316日983).

2)Schniewind,A.P.:WoodScE-,且5(2),10ト109

(1982).

3)Porter,A.W∴ ForestProdI,班 (8),325弓31

(1964).

4)Debaise,G.a.;Porter,A.W.;肝entoney,P.

E･:MatResStandards,6 (10),493-499

(1966),

5)Sobue,N.;Bajoiet,D.;Pluvinage,G∴Moku-

2aiGakkabhi,飢 (7),528-53日 1985).

6)Schniewind,A.P.:WoodFiber,9(3),216-

226(1977).

7)Bajolet,D.;Sobue,N.;Pluvinage,G.:Com一

municationduColloqueAmnuelduGroup

FranGaisdeRheologieen1984(heldinParis).

8)Miyoshi,T.:HExperimentalmethodsinfrac-

turemechanics",(Kunio,T.andotherseds.),

Tokyo,AsakuraShoten,1984.p.73.

9)Okamura,H..･仙Introductiontolinearfracture

mechanics",Tokyo,Baihoukan,1981.p.218.
10)Sobotka,Z.:"Rheologyofmaterialsandengト

neerlngStructures",Amsterdam,Elsevier,i984.
p.47.


