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poisson'sRa七五os五mDynamicV息scoe且aS鮎iiyofWoo通
asTwo-dimemsioma且Ma紬Tia且S.*l

NobuoSoBUE*B andTomioTAKEMURA*公

木材の2次元動的粘弾性におけるポアソン比 削

祖父江信夫*出,竹村冨 男 *L2

木札 木質材料の2次元動的粘弾性挙動を数学的に表示するために,-般化されたHookeの法は服)アナ

ロジーから,平面応力下にある直交異方性粘弾性体の動的な応カーひずみ関係式として(5)式を仮麗し,

粘弾性定数CI言と工学定数との関係を明らかにした((6)式)Oこの場合∴工学定数は複素数として(4)
式で定義されるが,特別な場合として弾性体の工学定数を含むものである｡

っぎに,(4)式で定義される複素ポアソン比リY*x,戒 を実験的に求めるため,Fig.2に示す装潜を
試作した｡この装置を用いて測定したヒノキ,ブナ,ケヤキのyy*x,症 の絶対棉および酬 潤 の郁腫
Table2に示した｡この結果から,複素ポアソン比には位相にわずかの遅れがあり, また粘弾鮎産致

C/Jiま非対称なこ とが解った｡

Thepresentpaperdealswithrnathematicalexpressionsforthedynamicstress-strainrelation
ofwoodastwo-dimensionalanisotropicmaterial,andthemeasurlngOfthecomplexPoisson's●
ratlOS.

Adynamicstress-strainrelationintwo-dimensionswasassumedontheanalogyofthe

generalizedHooke'slaw,andtherelationbetweentheelementsoftheCensorinEq･5CI:)and

thecomplex"englneerlngCOnSt禦 S"in叫 4wasinvestlgated. *
I

AnelectronicdevicewasdesignedandusedtomeasurethecomplexPoi.sson'sratiosレ(I

definedbyEq･4onHinoki,BunaandKeyaki･TheresultsareshowninTable2･Theysuggest
theexistenceofsmalldelaysinthephaseanglesoftileCOmPlexPoisson'sratios,andalso

indicateasymmetricpropertiesofthedynamiCviscoelasticstiffnessCensorcI*JinEq･5･

1.INTRODUCTION

Asdevelopmentsoftheadvancedutilizationsor

woodandwood-basedmaterials,thee洋ectiveuse

ofanisotropyofthematerialshasattractedmany

researchersinplywoods,laminatedwoods,LV.L.

andparticleboards･

Plywoodsandparticleboardsareoftenusedas

wallsandnoors･Andtheirdynamicviscoelastic

propertiesbecomeimportantpointsintheirutil i -

zations,forinstance,forsound-proofingsand

anti-vibrationofnoorsbywalking･Recentlysome

partsofthesoundboardsofguitarsandpianos

weresubstitutedbyplywoodsinplaceofsolid
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woodfortllelowcostoFthePlywoods･Woodand

wood-basedmaterialsinthesecasesareapparently

usedastwo-dimensionalmateriats･Bu日heprogress

inthedimensionalgeneralizationofthelawsof

dynamicviscoelastlCltyisfairlydelayedcomparing

withthatofelastlC!ty･
●●

One-dimensionaltheoryofthedynamicvisco-

elasticltyhasalmostbeenestablished･Then,an

introductionoftheconceptofthePoisson'sratios

todynamicviscoelasticltywillglVCaCluetothe

expansionoftheone-dimensionaHawofdynamic

viscoelasticltytOtwo-dimensionsarsisanalogized

fromthegeneralizationofHooke'slawinelastlClty･
◆I

Inthispaper,aformalgeneralizationofHooke'S

lawtothedynamicconstitutiveequationoftwo-

dimensionalviscoelasticmaterialswasinvestlgated

andthecomplexpoisson'sratiosintheequation
werealsomeasured.
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2.COMPLEX POISSON'S RATIOS AN.D

DYNAM王CCONST汀UT!VEEQUATION
!N ORTHOTRO円C VISCOELASTrC

BODIES

inthisp叩er争a dynamicstress-strainrelationof

anorthotropicvisc｡clasticbodywastreatedfor

thecaseorplanestress･

Dct10川場 anaxialcyclicstressappliedin Y

directionbygy*and血 inducedComplexstrains
* *

by Eyx and 畔y inXandydirectionsrespec-

tivelyin Fig｣,theymaybeexpressedbythe

followingcomplexexponentialfunctions,

lTl*-lTl.{}紬t,*

Ey折二-秤He紬 -触 ),
*

eyy二ニgyy冊 卜 触 ),
*

where, I:tlme､

tL}:angularvcloclty,
●

*
elJ:complcxLStrainc('mponcnt,

gIJ:amplitudeofstraincomponent
*
EIJl

∂IJ:Phaseangk
*

InGIJ,eIJand∂IJ thefirstsuffixdenotesthe

direction ofthe appliedstressandthesecond
suffixthedirectionoftheinducedstrain.

simiユarlyFor胤naxialstressqx*,thefollowlng
● I
StrainsarlSCI

竜 .､rfxxei('L小 姑),
*

議rTTこ-Exl･･ei({''L~a･n'),
*

alldforasllearingstressTふ ,
●

rxy-rxyGi(wt一mSS)
*

(3)

ヰ
whererxyisacomplexshearlngStrain･
Thccomplexmoduliofviscoelas亡icitycorre-

spondingtothesかCalledHenglneerlngCOnStantSH
●

inelasticbodiescanbedefinedontheanalogyof

thecaseofanelasticbodyasfollows･･

Fig･llC0 -0rdinateofanorthotropICPlate,Yand
●

xaxescoincidewiththeprl粥IPalaxes.
●

qx*
Ex*-･7 -ヱ星e触 - Ex'+iExu
exx exx

q*y
Ey*-7 --ヱ乙 e軸 -Ey/+iEyN
Eyy 6yy

霜-蓬=建eiass=Gx,Y.iG&*
rxy rXY

* 6品
Vxy=-i
6品
*

..* Eyx

-三選 ei(也 -a- )--U品+iy品
8xx

Eyx
レyx=一二音=~lTここ
8& Syy

ei(触 一触)-yy'x+ivy/i

Here,a･ttentionshouldbepaidtothepointthat
thecomplexPoisson'sratioyFJWaSalsodefined
asacomplexnumber･

A constitutiveequationisoneoftheindis-

pensableequationstocharacterizethestress-strain
relationofthematerials.

Byassumingthesmalldeformationsinanortho-

tropicviscoelasticbody,thedynamicstress-strain

relationsmaybegivenafterthegeneralizedHooke's
lawasfollows:1)･4)
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(5)

Thisequationcontainsfiveconstantscorresponか

ingtotheso-calledelasticstiffnessinanelastic
body,andtheconstantschamcteriヱ･ethedynamic
viscoelasticpropJ8rtもesofanorthotropicmaterial･

WemaycallthemHdynamicviscoelasticstiffnessH･

ThedynamiccomplexmoduliEx+,Ey*andG蒜

areobtaina･blebyputtlng
●

intoEq･5respectively,

Ex8-C1:(ト }*),
Ey8 - C2+a(卜l*),
G蒜-C686,
ス* -戒x･y晶-cl+BC981/Cl*lCB'2

Itisofinteresttocheckthesymmetryofthe

stiffnes･stensorinEq15inordertosimplifythe

equation.Theratioofcl+atOC2'lisgivenby,

新教僧-協僧le"8-一触 )(7,
Ifthecoefficientoftheexponentiilfunctionin

Eq･7isequaltounityaSanelasticbody,wecan
●
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writetheratiomorebrienyasfollows:

堤 =ci'aw -8m )
C芸
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(7′)

ofcourse,thisrelationmayrequireanexperi -
mentalveri丘cation.

3.EXPERIMENTS

3.1 Physicalanddynamicviscoelasticproper-

tiesofspecimenused.

species,specificgravities,moisturecontents,
sizes,dynamicYoqng'smoduliandlosstangents

ofspecimensareshowninTablel･

ThedynamicYoung,smoduliElandtheloss

tangentstan∂Weremeasuredbythemethodof
freejreebeam vibration.AndE'wa.scaliulated

丘orn itsresonancefrequency,andtan∂fromthe
o.707valuelinewidthoftheresonancecurve.

3_2 MethodformeasuringcomplexPoisson's

Zlatios.

tnordertoobtainthevaluesofthecomplex

poisson'sratiosinEq･4,thearnplitudes(Exy/ERX,
ETX/eyy)andthephaseangles(∂温-8W,∂yy-

∂yx)fromexperimentsarerequired･
Oneofthefundamentalmethodstomeasure

thesevaluesistodrawaLissajous'figurewitha

synchroscope･Thismethodwasusedinthisstudy･

Thediagramofmeasurlngdevicesusedisshown

inFig･2･A ba･rwithrectangularcross-Sectionis

supportedwithstringsatthetwonodesofthe
lateralfundamentalvibration.Andasinusoidal

forceisgwenbyamagneticdriveratanendof
■

lMokuEaiGakkaishi

thebarinordertomakethebarvibrateatits

resonance丘equency' which ismeasuredby an

inductance-typedisplacementmeterandauniversal

counterattheendofthespecimen･

Thestrainsinlomgltudinaldirectionorthebar

andintheperpendiculardirectionaremeasuredby

wirestraingageswhicharegluedorthogonaIlyto

eachotheratthemiddlepointOfthebar･

Thesignalsfrom thegagesareamplifiedby

strainamplifiersandtransmittedtolow-passFilters

toremovetheslgnalsofthecarriersatamplifiers,
●

whosefrequenciesare4kHZ･

(C)

Fig･2･Diagramsofmeasuringdevices･
I

Drivingsystem (a),Phaseshifter2),3日 bJ
andElectroniccircuitssystem回･Amp-･

Amplifier, EC;Electroniccounter, D:
Driver,DM･･Displacementmeter,HPF･･
Highpassfilter,IP:Ironpiece,LPF:Low
passfilter, op:operationalamplifier,
osc･.oscillator, PS:Phasesnifter, S･.
synchroscope,SA:Strainamplifier,WBx･
WBy:Wheatstonebridge･

Tablel･Physicalanddynamicviscoelasticpropertiesofspecimens･

species v%nrdat;.fn*1) 等 芸 ;e ES,paevcil:lC Dry?nd̂aTTui.scYo,ungi:
L｡ss Si21eS(cm)

(% ) gravlty (xlOIOdyne/cmユ) tangent Length BreadthThickness

Hinoki LR 12･1 0･40 5･80 0･0086 35･1 5104 1･210r24
Chamaeciparis
ObtusaEndl･ RL 12.5 0.41 1.22 0.018 28.1 4.52 1･5.0‡1.63

Buna

Faguscrenatq
Blume

LR ll･2 0･61 10･07 0･0097 40･1 5･04 1･510.i4

RL 10.8 0.71 2.05 0.021 24.6 4.42
1.24-
1.28

Keyaki
Zelkowaserrate
Makino

LR ll･1 0･63 11･23 0･0095 40･1 5･03 1･113.34

RL ll.4 0.69 1.85 0.019 24.6 4.54
1.29-
1.32

'1)Thefirstletterdenotesthelongitudinaldirectionofthebarandthesecondletterthedirecti.n.Ithebreadth
ofthebar.i;fiberdirectionofwo'od,R;radialdirectionofwood.
NumbersofthespecimensusedarethreeforeachkindofvibrationexceptLRspecimensofBuna(twospecimens).



Vt:.i._二十.＼Ll'.Llり'̀‖ い ･L.I:こ判 高 王)高 :,:‥ 号了ヽ it;l･li,.)ト L,! 臥 ,..ttl

紬こi･･し･･･!-H'.い!･l卜 ･∴､-t巨 - ･･.- I,li､日日 ,I.‖里 一晶 t･

こIl隼晶 ､､h晶 ､!.･一･-･･'f!:日.1･Li:Ll･･;-- i‖亘 とt･･,日中 !i:r､.
.rln(iL証･.I;.膏･..日.･!,.

Ⅰ･項 t7..,̀ミ･･.t･廿 ､･:･･･こ:･･.17l･･･i - .ll い r･･T:L･:1こ･t晶
nHi＼L･､.I..詳 ＼::･･:I.iL.r目上 ..i!.･てト.,tい17.1･'T:'･.ミvL.き,ti:仙･i

lr- ･､.‥el･=:･ミl､t.t･i､∴･iPpILi{.pti.こ三･卜亘 - '晶 汀.･
ihllr… ii.

1'll- !l･ハh!-I.･･".･庸一高 ･.LHH!･轟 Ihii･… i7:最､

恒 -ゝ I,JI:L･-丁目.;.:I～,･l･ir.iロ 巨-:･r= lミ･凹 J t･7日ht.･

rrL･中 ･里 ･･日 高 十 ･--晶 ,i1,.ir･廟 1.LltttM1-い‥l!･l･
Ll=nL･･!.t 王'高 槻,: ::L･･､:HH･･,=晶 ト :･,-it町 肌･1･…ビ

lJ.-rLl"･"i､･丁･､∴隼古 -Fiil､:･こ.､thT-.-tl.し･汁i･･=- 丁･訂

Lit- ､L"r･i･:一･､斗車ここ古 ;;LiSl晶 it･L..i:h･!=t･rt-!･iH王T.四-

1:LLlll,i!"L･L言 古 貼 く･･l:小･lLL･晶 車<L･.irLr:".;I.iWli,.:

ilnLiW!i卜 IilL3il品 ･tl-A::"!hii.I.･i雨 晶 ･I､Il心t･;Hli,rlL.tLこ

.･llm tl恒 tゝも.右 ､証 晶･‡､,ltミ･･..Ll晶 ミt･rtL･lt･･.k判jt･lt血L

Li､叫 ･tLL/ t一項 ‥･･､川 ミh:-,:一品 .･lit,t･日吉､し･'I･,品 心･-1

in鞠 ∴蔦･

･I.itflトtLLllミ:＼＼Il川ト(:I.き.i.ql=N.Tl

f:I-i:･yl､晶 t.･･号PiL.i'.!li"i.I､L.=川幅 極 目t..Ll 証

撒き

ド短-1･ {̂lj" ､ 一 日 - = - -f､ !llt･ :め ;.hl･(';i:.t･"(itIIL･

･Itn申 晶 ･ ･ th . tl r r 主lL･ 王･- = Im .I(･UlrnIl-…ぐ)r

･.[･l ･脳 = l t心 .

Fig･4･rrypit:･･.lrilllL･..Wi.nlli-唱 f-igurL.S ｡r thCdy-
■1 ● ●

n･･l"iLニト-1･i､ins,lttllL･rL･S｡111､1-cc(nhluLLnCy.

::吊

* I *
川し･li)I-i-正 いゝIt.liil.q 亘昌 仙巨 品.i.ilLAi.こITil… 訂
r晶 古･.J目し･-Il,lirllふ.i.S'町if.il.(/巨l:;･い ul.ti.き音..:一
再'.:1日 Lrt･血 ,Ⅵ･llill-!晶 IL･コ;l上 清 い いしま!i･:ifiパ

I.t-･.Y" ･ti､小 ･

王:iii･,･ S T" -/ :Llltllや .･q ru 2日 .u=州 血 I

l山 車 Ilト､ 圭.､函 ･LL･i<･rLhL･い,!nPiL･XI'高山=､.it･'lr主仙I

シ･1711 号tilL･ l･川蝉 ILli";LldirUCt.iMl詳 いi-(lLi‖… l･'
L･･･i一一LLi､h wirhr.llL･lii.1ビー.Lil:rLゝHi川､詳 W｡(吠 ;= (i

i,.､'Tz, 恒 1,両 11-t;trytい レt,･It1.°.LLSi-"･tiv車 .

ド 転 S l I.i画 (,tlS' f.igu t･LT｡ FcM " pin Pりis…-'sriltio
■

レ 1.･Tl･ (.捕 -1く'k i;.'.

fT短･(7･ I-ist"lj｡us一触 Ire(,Ic(Hnl,lLlよP"isIWn'sratio
■

リ11･Tr(Bull;l)･

Fi爵･71ⅠJissa30uS'figureofc｡11lPlexpoiss(扉sratic'
●

y晶 tKeyaki).



262 N.SoBUE,T.TAKEMURA

Fig･8･LissajOuS,figureofcomplexPoisson'sratio
y晶 (Hinoki)･

Fig･9･LissaJOuS'figureofcomplexPoisson'sratio
y晶 (Buna)･

Fig･10･Lissajous'負gureorcomplexpoisson's
ratio yx*Y(Keyaki)･

AsshowninFigs･5to10,theloopsorthe

Lissajous'figuresofyy*xand 〃晶 werevery
narrowandthelinesoftheloopswereoverlapped･

Then,thephaseanglesof 〃Y*xand 〝晶 were
calculatedbythelinebreadthacrossthevertical

axisinthesynchroscopeasshowninFig･ll,

sill∂ (8)

(.lJ,LJL'tl=EE.i(;LLi-̂'LIL-.1'iLL'

Fig･11･LissaJOuS, 極ur- nd繭 crrpTlif-融 古淵- I
I

phaseangle∂･
b●

sln∂=仰 .
J'

ThephaseanglesoF yyHa混 成 C鉦 巌tcd
*

byEq･8arcshowninT甜 C2･Thesev巌 - 明

bealittlelargerthanthetruevaluesbecause血 y

includetheユinebreadthofasc'lnnl慢 b虻iimWhich

cannotbeavoidedilll批aSumHはnrS.Thビ Cも,3rre･

spondinganglesofthc損はWid蕗 <訂thだ -"･川 鞘
beamwerefrom0.021to0.032rnd.抑d乱鵬6md.

inaveragc･

Thevaluesofthephaseanglcsof 織 成‡適 祓

inTable2areslightlylargerthan沌oscc巌 流 亡ed

bytheinherentbeam widthoftheSyl油 mSCOPC

used･Thisresultsuggeststheex圭stcmeだ澄広さrthe

delaysinthephaseanglesorthecm-1PlexP壷 SOn's

ratios,andthevaluesinTabは2arecon急追 erだdto

glVe upperlimitsofthe phase anglesof由
●

complexPoisson'sratios･

TheinterestingStudiesonthestaticP壷 約m's

ratiosbySchniewindS)andTakerTMraふきshowthe

time-dependentchangesortheP｡isson'sratiC3Sin

wood･Theirresultssupportthee壷 tenceS詳 thc

complexpoisson'sratiosasisamloglZedFr{"n the
●

theoryofstaticviscoelasticlty･l

ThemeasurlngaccuracyOfthephaseanglesw油
I

asynchroscopeordrawingtheLissajOuS' figures
+ +

wasnotsatisfactoryinordertoobtainthe more

definitevalues･Accordingly,anotherprincipleof

themethodtomeasurethephaseanglesshouldbc
contrivedinfuture.

The conditionswhichglVeSymmetry in the
■

tensorinEq･5areobtainedfromEq･7asfollows;

駄 遁fEy*/

∂xy-∂n-o

〃晶

Ex*

-1,and i (9,

ThevaluesoftheamplitudeinE隼 7areshownin
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Tab le 2･ Com plexPoisson'sratios 〝Y*x and 〟品 andab so lutevaluesof
Ey*, Ex*and Cl*2/CB*11)I
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yy*x 〟x*y IEy*I fEx*J
Species

Ivy*xt∂yy-∂yx(rad.) 巨品l∂xx-∂xy(fad.)(×1010dyne/cm苧) (xlOIOdyne/cm2)
fC凱/lcE*ll2)

Hinoki OA3 -0.016 0.071 -0.037

Luna 0.32 -0.035 0.063 -0.040

Keyaki Ol40 -0･026 0,049 -0･039

8

5

6

【1此H叩
W
V
yUl日

日

=
Hふ
E:

1);meanvaluesof3specimensexceptLRspecimensofBuna(2specimens)･
2);See患q･7･
Y;fiberdirectionofwood,X;radialdirectionofwood.

Table2forthreespecies･Thefactthatthesevalues

arenotequaltounltyindicatesthatthetensorin
●

Eq･5isasymmetric･But,thisresultmaynotglVe
■

adecisivecompli･cationtopracticalusesorthe

Censor,aswehaveexperiencedincasesofthe
treatmentofcrossstiffnessofthestaticconsti-

tutive equations for wood and wood based
materials.

5.CONCIJUSIONS

Asanattempttoextendthelawofdynamic

viscoelastlClty丘om one-dimensiontotwo-dimen-

sions,itwaspresented to expresstheelastic

stiffnessesascornplexnumbersontheanalogyof

thegeneralizedHooke'slaw･Thedynamicconsti-

tutiveequation given by Eq･5 containsfive

independentdynamicviscoelasticconstantsCIJ

whichareconnectedwithfivecomplex"engineer-

ingconstants"Ex*,Ey*, V晶,リ晶 and G&
definedbyEq･4,wherethecomplexPoisson's
ratios yx*yand yy*xarenewconstantsdefinedin
accordancewiththeintroductionofanisotropyto

thedynamicviscoelasticlaws･

Thevaluesof〃Y*xand u晶 wereobtainedby
theLissajOuS'figuresofcrossstrainswiththe

●

devicesshowninFig･2andwereshowninTable2･

Theresultssuggestedtheexistencesorthedelays

inthephaseanglesofthecomplexPoisson'sratios･

AndthevaluesorthephaseanglesinTable2are

consideredasupperlimitsofcomplexPoissQn's

ratiosfらreachspeciesused･

Experimentalresultsshowedalsothatthedy-

namicviscoelasticstiffnesstensorin 玉q･5was

asymmetric,beingdifferentfromanelasticbody･

Byextendingthelawofdynamicv桓oelastlClty
■I

from one-dimiension to two-dimensi?ns,more
detailedandsystematicexpressionsforanisotropic

dynamicbehAviorsarepossible,andthiswilllead
totherationaldesignofwoodandwood-based

materialsasanisotropICmaterials･

REFERENCES

1)Love,A･E･H･:"Atreatiseonthemathematical
theoryofelastlCltyH,4thEd･,DoverPublica-
tions,NewYork,p･97(1952)A
2)Tanaka,Y･:Audio& Electronics,114,185
(1976)･
3)Ueno,T.:"LinearICHandbook",CQPublica-
tions,Tokyo,p･122(1973)I
4)Hearmon,R･F･S･:"TheElasticityofWoodand
叫 woodH,ForestProductsResearch,special
ReportNo･7,London,p･7(1948)･
5)Schniewind,A･P･andBarrett,J･D･:WoodSci･
andTech.,6,43(1972)･
6)Takemura,T･:SummaryofLectureofRheolo･
gy sym posium ofMokuzaiGakkaiheldat
Nagoyain1976,p･7･




