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Sim班 aneo鵬 Deiem 五m乱も孟omog伽地雨訂OPic濫且as血

Cons臨n七sofSぬndardgum-SizeP且ywoo舶 by
VibrationMethod*1

NobuoSoBUE*2andAkioKATOH*3

振動現象を利用した莫大合板の異方性弾性定数

の同時決定*1

祖父江信夫*2,加藤彰夫*3

実大サイズの合板の三つの弾性定数(長辺方向ヤング率,短辺方向ヤング率,せん断弾性係数)

を板振動法によって同時決定する方法について検討した｡合板は,通称3×6のJASl級相当の構

造用合軌 厚さ7.5mm,9.5mmおよび12mm,単板樹種カブールで製造したものそれぞれ10枚

ずつ剛 たゝ｡ 合板を水平に支持すると大きな初期たわみが発生するので,その長辺を下にしてⅤ
塾の碑に鉛直に立てかけ,一辺単純支持-三辺自由の境界条件として支持し,小さな硬質ゴム製の

ポールで合板上辺の自由端を打撃した｡ もう-方の合板上辺の自由端で振動を検出し,高速フー

リエ変換スペクトルアナライザで周波数分析をした後,パーソナルコンピュータを利用してスペ

クトルピークの帰属を行った｡

板振動法によって得られた弾性定数は,静的な曲げおよびねじり試験法によって得られた借と

よく-致したOただし,莫大サイズの合板のせん断弾性係数を板振動法によって求めるとき低吹

振動モードを用いると支持辺における振動の拘束が起こるので,高次振動の固有振動数を用いる

べきであることが明らかとなった｡

Asimultaneousdeterminationofelasticconstants,twoYoung'smoduliandashearmodulus,of

standardfu11･sizeplywoodsusingavibrationmethodwasstudiedfromtheviewpointofdevelopment

ofRon-destructivetestsofstructuralmembers. Afull･sizeplywoodwassupportedverticallyona

longedgeofSFFF,one-edgesimplysupportedandthreeedgesfree,boundaryconditionandtapped

withasmallrubberball,andafrequencyanalysisuslngaFastFourierTransformation,FFT,
◆

analyzerwasused.Acomputersupportedidentificationofspectrumpeaksofthefrequencyspectra
wasexamined.

Theelasticconstantsmeasuredbyvibrationmethodwellagreedwiththoseobtainedbystatic

bendingandtwistingtests.Theuseoftheresonancefrequenciesofhighervibrationmodesis

recommendedfordeterminationofshearmodulioffull-sizeplywoods,becauserestrictionofvibra･

tionatsupportededgeaffectsresonancefrequenciesoflowvibrationmodes.

Kgwords:elasticconstants,ful l･sizeplywoods,vibrationtechnique,simultaneousdetermination,
non-destructivetest.
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1.INTRODUCTION

Growingsocialdemandfortheconservationof

forestresourcesrequlreSmoreeffectiveuseofwood.

Productionofengineeredcomponents,suchasstress･

Skinpanels,トbeams,andboxbeamswillcontribute

notonlytosavewoodresourcebutalsotoenablea
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largescalewoodconstruction･Polywoodisoneofthe

fundamentalmaterialsfortheseengineeredcompo･

nents.Anautomated･,quick-,andsimple-measure-

mentofelasticconstantsinfull-sizeisthekeyprocess

whichenablesreasoneda汀angementSOfstmctural

plywoodsinsuchengineeredmaterials･

Atpresen吊herearesomestandardtestingmethods

forthemeasurementofYoung'smoduliofful l-size

plywoodasfollows:forexample,theJapanAgricul-

turalStandardfortheconcrete-formplywoodandthe

PureMomenもTestforlargespecimensofASTM

D3043-76. 描owever,nostandardmethodforthe

measurementofshearmodulusofthefulトsizeply･

woods,butforsmallspecimen,JASforstructural

ptywoodsandASTMD3044-76arerecommended･

Presentpaperdealswithasimultaneousdetermina･

tionoforthotropicelasticconstantsofstandardful1-

Sizeplywoodsforstructuralusebyavibrationtech-

nique.Forthispurpose,therearesomeproblemsto

besolved:(1)Boundaryconditionofthe vibration;

howtostlppOrtthespecimensconsideringapractical

applicationtothefulトsizespecimensinindustrial

processing.(2)Vibrationanalysis;howtoidentify

theindividualresonancepeakofpowerspectra.(3)

Validityoftheconstantsdeteminedbythevibration

tests;theresultsshouldbecomparedwiththecorre･

spondingconstantsdeterminedbythestatictests.

2.FUNDAMENTAIJSOFVIBRATION OF

ORTHOTROPICPLATES

Thechoiceoftheboundaryconditionofthespeci一

menisveryimportantconsideringtheapplicationto

full･sizeplywood. WechosetheSFFF (one-edge

simplysuppoれedandthreeedgesfree)boundary

condit玉on･Specimensweresupportedverticallyon

thesimplesupportededge,becausethisprocedurecan

avoidaneffectoftheinitialdeflectionbyweightof

y a ′

~~~~~~~h TbJ

Ⅹ珊

Fig.1･ Specimensupportandcoordinatesystem

specimensontheresonancefrequency,whichoccurs

whenthespecimenislaidhorizontally･

Figure1showsthespecimensupportandthecoordi-

natesystemofanorthotropicplywood.

Theresonancefrequencyoftheorthotropicplate

/(i,j日sgivenbyEquation1.1)

f(i,j)-A(Dll｣塩 町 D22埋斗

2D12悪 十4D66霊料

与-_;-,i-､I1..喜li
刀 ll-

Ⅹ叫y枚二日リ
i-
u

21
.__..量垂3_____
12(1-zJxyUyx)

D12-DllPyx-D2兆 y,D66-鬼 適3-12

(i)

(2)

whereiandjarenumbersofvibrationmodes,且 】sare

flexuralrigiditiesandtorsionalrigidityoftheply-

wood,andyn(i,j)saretheconstantswhicharegiven

forSFFFboundaryconditionり (C.f∴Tablel上 The

numberofvibrationmodeisequaltothatofthenodal

lines.

Theobjectvariables,twoYoung'smoduli且,馬,

andashearmodulusGxy,aregivenbysolvingEqua一

tion1forsomevibrationmodes,atleastforthree

modes(2,1),(0,2),and(1,1)modes,asfollows:

Dl1-読 (4n2phf2(2,1ト AAal#･Ah 661 (3)

Tablel･Constantγ1(i,j)inSFFFcondition.

i J yl y2 y3 y4

l l 0 0 0 36
2 1 500.6 0 0 148.44

3,4,5,- 10 2,3,4,- X4 0 0 3X(X+6)O y4 0 0
1 2,3,4,.-2 2,3,4,-3,4,.- 2,3,4,- O YA o 12Y(Y+3)

500.6 Y4 12.3Y(Y-1) 49.48Y(Y+3)
X4 Y4 XY(X-2)(Y-1) XY(X+6)(Y十3)

Note: X-(M-0.5)7T,Y-(N-0.75)2T.
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D22=47F2phf2(0,2)/237.82 (4)

D66=7t2pha2b2f2(1,1)/36 (5)

wheretもy andPyxareglVentObe0.1and0.05,respec-

tively,becausetheireffectsoncalculationof且 and

風 arenegligiblysmall.2)ThenDll,D22,andD66are

convertedtotheengineeringconstants罵こ,Ei,andGxy

byusingEq.2.

3.EXPERIMENT

3.1Maten'als

Factorymadestandardplywoodsforstmcturaluse

(equivalenttotheJASNo.1grade)whosedimen･

sionsarel匂2cmx91cmXthickness(7.5mm,9.5mm,

and12mm)wereused.Numberofspecimenswasten

foreachthickrleS畠.Kapur(DTyObalanopssp.)veneer

wasused.Meandensityofplywoodswas0.675g/cm3.

3.2 Vibrlaliontestsoffull-S滋eplyu100ds

3.2.iMethods

A plywoodwassupportedverticallyonaV-cut

aluminium rodfixedonafloorbaseandlightly

supportedfrombothsideswithtwopiecesofsponge

rubbertokeepthespecimenfromfallingasshownin

Figure1.

Aplywoodwaslightlytappedtwicewithahard

rubberballforeachspecimensat15cm from one

cornerontheupperedgeline.

Thevibrationwasdetectedbytwovibrationsen･

sorslocatedattheothercornerandthecenterofthe

upperedgeline,becausethecomeristheloopposition

ofallvibrationmodesandthecenteristhenodal

positionofodd-numberedvibrationmodes. The

detectedsignalswereintroducedtoaFastFourier

Transformation,FFT,spectrumanalyzerwhichwas

controlledbyapersonalcomputertoobtainfre-

quencyspectra.

Tenspectrum peaksweresearchedautomatically

byusingtheauto･searchfunctionoftheFFTanalyzer

whichidentifiestenstrongpeaksinobjectfrequency

range.Spectrumfrequencyrangeswere0to50Hzfor

plywoodsof7.5and9.5mminthicknessand0to100

Hzforthoseof12mminthickness.

3.2.2 Calculationofelasticconstants

Theelasticconstantsaredeterminedasthemeanof

rigiditiescalculatedfrom combinationofthereso一

m礼ncefrequenciesoftwoorthreedifferentvibration

modes,exceptfor(0,2)and(1,1)modes･Table2

Showscombinationsoftheequationsusedforcalcula-

Table2.Combinationsoftheequationsused.

Rigidities Vibrationmodes Equationsused

D" 1.(1,1),(2,1) (6),仙
2.(2,1),(3,1) (7)
3.(1,1),(3,1) (8),(用

D22 1.(0,2) (9)
2.(1,1),(1,2) (10),(lD
3.(1,2),(2,1),(3,1) 鍋,(13)

D66 1.(1,1) (ll)

2.(2,1),(3,1) (13)

Notes:Rigiditieswerecalculatedasthemeanofthe
threecombinations.Equationsusedwereas
follows;

Dll-盲鮎 (4W2phf2(2,1)-

D ll=
_4_7r_2phq_三iff_(?,!遇 2.旦二些

4×148.44
α2∂2 ⊥ノ66

D6)(6)
2(3,1)×148.44)

500.6×326.43-148.44×3805.04

4花2phf 2(3,1)-
4×326.43

α2∂2

D22-4K2phb4f2(0,2)/237.82

D22-品 Ⅰ4K2phf2(1,2ト

D66-7T2pka2b2f2(I,1)/36

D66=

D .,,6=

a3b2

4×326.43(
4W2phf2(

(7)

D"I (8)
(9)

D66Iao)

4×326.43
a2b2JEJ66

(川

1,2ト 苧 D22)(12)

_雌 .hb_2(f2(冒,_ll__竺38牡94Tj2(a__,_1=_)埜卓姓吐
148.44×3805.04-500.6×326.43

＼ ＼.. ∴

Fig.2. Platesheartestforfulトsizeplywood･

tionoftherigiditiesofplywood.

3.3Staticjlexuyalandtoysionaltestsoffull-SizeSPeci-

menS

TheflexuralYoung'smoduliofful l-sizeplywoods

intwoprincipaldirectionsweremeasuredaccording

toJASstandardforconcrete-formplywoods.

Afull-sizeplatesheartestshowninFigure2alS

wasapplied.

3.4 Torsionaltestsofsmallspecimens

Thestaticshearmodulusofsmallspecimensi

measur･ed according to ASTM D3044-76. ′

dynamicshearmodulusofsmallspecimensbyusir

platetwistingvibrationofacompletely･freepli

alsowasmeasured.3)
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3.5Automatedidcntlf2'cationof坤ectrumPeaks

Thepowerspectmm pattem oforthotropicmate･

rialsdependsoncombinationofelasticconstants;良,

且,Gxy andZ4'y(orp,I).Theidentificationofthe

spectmmpeaksoforthotropicmaterialssuchaswood

andplywoodsusuallyisconfi-edbyobseⅣingthe

chladni･figurewhoseprocedureistime-consuming･

Accordinglyanautomatedidentificationprocedure

whichdoesn'trequiretheChladnトfigureobseⅣation

isdesiredtobedevelopedfrom theviewpointof

non_destructivetestsforindustrialuse,However,this

isaverycomplicatedproblem.

Thegeneralfeatureofmodelspectrumpattem of

也eobjectplywoodswasthenexaminedbyusinga

Monte-Carlosimulationbasedonknowle(短ebase

whichinvolvesfundamentaldataofveneercomposi-

tionprescribedbyJASstandardforstmcturalply･

woods,anddensityandelasticconstantsforthecases

ofthekapurplywoodof7.5mm,9.5mmand12mmin

thickness.Theresonancefrequenciesofobjectply･

WoodwereestimatedfromEquation1byusingran-

domnumbersgeneratedfromacomputerprogram.

Here,thevariationoftheelasticconstantswas

assumedtobe30%.

Figure 3 Showsthe modelspectrum pattern

obtainedforplywoodof9.5mm inthickness.The

resultshowsthat(1,1)modepeakisolatesatthe

lowestfrequency,that(2,I)modepeaklocatesatthe

secondlowerfrequencywithhighprobability,and

thatthelocationofhighervibrationmodesdepends

oncombinationofelasticconstantsofplywoods.

Theflow-chartofthecomputeridentificationof

f(3,2)I ,

. Il(3,I)

l F(2,2)

J I F(I.2)

If(0,2)

･ tl(2,i)

‥ √(1,I)

20 40 60
Fr･equency (HT.)

Fig･3.Modelspectrum pattem givenbyMonte･
Carlosimulation.

Notes:Thefrequencyrangewas.givenbysimula･
tionofahundredtimes,andthedeviationof
elasticconstantusedwas30%.Theplywood
thicknesswas9.5mm.

lMokuEai肋 ishi

Fig.4. Flow･chartofcomputeridentification of
spectrumpeaks.

Notes:Inthecaseoftheplywoodof12mminthick･
ness(4,1)and(4,2)modesareincludedin
theremalnlngpeaks.

44

individualpeaksisshowninFigure4.First,tenpairs

ofpeakfrequencydataandintensity,whichwerだ

collected by the corner.vibration sensor,were

introducedtothecomputer.Then,thepeakof(1,1)

modewasdeterminedbecauseitlocatesatthelowest

frequencyofthespectrum.Next,thepeakof(2,1)

modewasdetermined becauseitsresonance fre-

quencyissecondarlysmall.Usingthesetwore最0･

nancefrequencies,preliminaryvaluesofD66andD"

werecalculated,thenaprobableresonancefrequency

ofthe(3,1)modewasestimatedbyusingEquation1,

searchingapeakwhoseresonancefrequencywas

mostclosetotheestimatedresonancefrequency

withintenpeaks.Then,apreliminaryvalueofD22 iS

givenfrom knowledgebase,andtheprobableres()-

nancefrequencyof(1,2)modewasdeterminedasin

thecaseofthepeakof(3,i)mode.Thedetermined

peakfrequencyof(1,2)modewassubstitutedim

Equation1tocalculatethevalueofD22. Theprob･

ableresonancefrequencyof(0,2)modewasest主 ･

matedbyusingthiscalculatedvalueofD22,thenthe

peakof(0,2)modewassearchedaSinthecaseofthe

peakof(3,1)mode.

Theremaininglargepeaksarethoseof(2,2)and
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(3,2)modes,respectively･Inthecaseoftheply･

woodsof12mminthicknesshigher-numberedvibra･

tionmodessuchas(4,1)and(4,2)modesalsowere

searched.

4.RESULTSANDDISCUSSION

4.1EHectoftapbosiiionsonspecirla

Aneffectivetappositionwasdeterminedexperi･

mentallysothatthespectrumpeaksrequiredinthe

vibrationanalysishadsufficientintensities.Afulレ

sizeplywoodwastappedateach10cmintervalnear

theuppercorner.Figure5Showstheeffectofthetap

positionontherelativespectrumintensitiesofsome

vibrationmodes. Theeffectivetappositionwas

chosensothattheintensitiesof(1,1)and(0,2)

modesbecomerelativelylargebecausetheirspectrum

intensitieswereweak.

InSFFFboundarycondition,thecornerofthe

叩peredgelineisaloopofallvibrationmodest

However,themosteffectivetappositionfor(1,1)

and(0,2)modeswas30cmfromthecorneronthe

upperedgeline.Butnearthisposition,thereare

nodallinesof(3,1)and(3,2)modes(24cmfromthe

corne止 Accordingly,thetapping position was

finallychosentobe15cm from thecorneronthe

upperedgeline.

4,2Computersupportedautomatedident2jT2'cationof

碑ectyumPeaks

Table3showstheresultofthecomputeridentifica-

tionofspectrumpeaks.Verygoodidentificationwas

obtained.Intheplywoodof7.5mminthickness,one

misidentificationoccurredbecausethepeakintensity

ofthe(1,1)modewastooweaktobesearchedbythe

( 1, 1 )

R凄

く0.2)

Fig.5. Effectoftappositiononrelativespectrum
intensityRIofsomevibrationmodes･

Notes:InteⅣaloftappositionis10cm･Blackcircle
meansatappositionusedinthiswork･

automatedpeaksearchfunctionoftheFFTanalyzer

used. Ⅰn theplywood of12mm in thickness,

misidentificatiomof(0,2)and(1,2)modesoccurred

becausethespectrum peakof(0,2)modewas

absorbedintheshoulderofclosinglargepeakof(1,

2)mode.

Figure6Showstypicalpowerspectradetectedby

thecomersensor(upper)andbythecentersensor

(lower).Inthelowerspectrum,even･numberedpeaks

areclearlydetectedbythecentersensor.According･

ly,ifinformationofthespectrum detectedbythe

centersensorisusedincomputeridentification,

misidentificationof(0,2)modeoccurredintheply･

woodof12rnminthicknesswillbeavoidable.

4.3EvaluationofeL2Sticconstan飴

4.3.1Young's moduliinlongitudinaldi7lCCiionEx

andPe坤endicular-to-longitudinaldir7cctionE,

Figure7showsarelationshipbetweenYoung'S

Table3.Degreeofhitbythecomputeridentifica-
tion(in%).

Specimen Vibrationmode
(I,1) (2,1) (0,2) (1,2) (3,1)

7.5K(9) 88.9 100 100 100 100

9.5K(10 ) 100 100 100 100 100

12K(10) 100 100 90 90 100

Note:Thevaluesintheparenthesisarethenumber
ofspecimens.

(3
ftm

R1e
T
T
qJg
Rl叫

SUaltlI

I J(a人. . ■ l l l l t 一lI Lo.2) t乙2)

o Frequency (HE) 50

Fig.6.Typicalpowerspectraoffull-sizeplywood.
Notes:upper;detectedbythecornercensor,lower;

detectedbythecentercensor.Theplywood
thicknessiS9.5mm.
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Legend:□;7.5mm,△;9.5mm,○;12mm･

modulusdeterminedbythestatictests(且sand且5)

andthatbythevibrationtests(E;vandE;V).

TherelationshipofYoung'smodulibetweenthe

statictestandthevibrationtestshowedverygood

correlation:

最 V=3.166+0.647品S,R-0.931, (14)

亀,ニー1.478十1.342E;S,R-0.992. G5)

Themeanvalueof&V-to†且sratiowas0.970

(rangedfromi.075to0.841).ThemeanvalueofE;v

lo一旦sratiowas1.001(rangedfrom1.166to0.842).

However,inthecaseoftheplywoodsof7.5mmin

thickness,E;visalittlesmallerthana;sbyabout9%

onaverage. Probably,adampingeffectbyair

affecteddecreaseoftheresonancefrequencyofthin

plywoods,becausestiffnessofthinplywoodsissmall.

0ntheotherhand,E;voftheplywoodsof12mm in

thicknessisalittlelargerthanE;sbyaboutl0%on

average.Probably,arestrictionforrotationofspecト

mensatthesupportededgeasstatedinthefollowing

sectionincreasedE;vvalues.

4.3.2ShearmodulusGx,

Theshearmodulusvaluesoffull-sizeplywoods

wereobviouslydivergentfromwhatwouldbeexpect-

ed.TheshearmodulusbythestatictestGxyswastoo

largeinthethinplywoods.TheratioofGxyv-to-Gxys

rangedfrom 0.2gto2.0,whereGx,Vistheshear

modulusbyvibrationtest.Thismaybeduetoan

effectofweightoftheplywoodonthelargeinitial

deflectioninstatictest.Thesametrendhasbeen

showllbyMcLainandBodig.4)

Then,theshearmoduliofsmallspecimensprepared

Table4.Shearmoduliofspecimens.

Specimen Fulトsize Smallspecimen
Dynam ic Staticl) Dynamic2) DnamicStatic

(GGfya) (GGFa) (GGFa)

7.5Ⅹ9.5Kl2K9K12K′ 0.997 0.473 0.474 l.00g

0.885 0.463 0.462 0.998
0.537 0.407 0.420 1.032
0.698 0.426 0.434 LOlg
0.618 0.435 0.467 1.074
0.573 0.437 0.479 1.098
0.779 0.405 0.403 0.995
0.679 0.401 0.401 1_000
0.771 0.418 0.426 1.019
0.772 0.454 0.390 0_859
0.643 0.437 0.388 0.888
0.645 0.466 0AO2 0.863
0.564 0.398 0.372 0.935
0.502 0.402 0.393 0.978

meant- 0.983

Notes:Theplywoodsof9mm (9K)and12mm (12
K′)inthicknesswereadded. 1)ASTM

D3044-76(plateshear). 2)FFFF (Free
vibration).

fromthecorrespondingfull-sizeplywoodsweremea-

suredbybothstaticandvibrationmethods.Insmall

specimens,theshearmodulusbyvibrationtestagreed

verymuchwiththatbythestatictestasshownin

Table4.Thisresultshowsthattheshearmodlユlus

determinedwithsmallspecimenswasamaterial

constantwhichwasnotaffectedbytheexperimental

conditions.

Theshearmoduliofthefull･sizeplywoodsused

shouldbeequalinallthickness,becausetheplywoods

usedweremanufacturedbyusingveneersofsame

qualityandbecausetheshearmodulusofaplywood

istheoreticallynotaffectedbyveneercomposition

andplywoodthickness.5) However,therewasstilュa

largedeviation oftheshearmodulusoffull-si2:e

plywoods measured by vibration tests,rar噂ing

between0.52GPato1.29GPa.Therefore,thediscrep-

ancyinshearmodulusoffulトsizeplywoodswas

consideredtobeinducedbytheboundaryconditionof

vibration.Theboundaryconditionchosenwasone-

edgesimplysupportedandthree-edgesfr･ee.There-

fore,ifthereexistsadiscrepancyoftheexperimental

boundaryconditionfromthetheoreticalone,itwould

betheconditionofsirnply-supportededge,because

theremaybeafrictionbetweenthespecimenandV

-cutrodatthesimply-supportededgeandbecausethe
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Fig.8. Relationshipbetweenfrc-tojrsorfr-tolrs
ratioandvibrationmode(M,N).

Notes: plywoodthicknessis9.5rnm. frc;reso･
nancefrequencyinCFFFboundar･ycondi･
tion,frs;resonance frequency in SFFF
boundary condition,fr;resonance fre-
quencylnexperiment.

Legend:△;frc-tojrsratio,○;jr-tojrsraio,

otheredgesarecompletelyfree.

Thispresumptionexpectsthattheexperimental

resonancefrequencyカ.rangesbetweentheresonance

frequencycalculatedforSFFFconditionfrsandthat

calculatedfortheone･edgeclampedandthree･edges

free(CFFF)boundaryconditionsfrc,becausethe

one･edgeclampedconditionisconsideredasthat

rotationofthespecimenatthesimply･Supportededge

iscompletelyrestrictedandbecausetheexperimental

conditioncanbeconsideredtobeanimperfectly

restrictedcondition.

Figure8showstherelationshipbetweenfrrto-frs

ratioorfr-tojrsratioandnumberofvibrationmode.

Here,theelasticconstantsmeasuredfrom small

specimanswereused.Theeffectofrestrictionatthe

supportedgedecreaseswithincreaseofnumberof

vibrationmodeMand/orN.Theexperimentalcondi-

tionwasnearertothesimply･supportedcondition

thantheclampedcondition.

Thisresultmeansthattheerroroftheestimated

shearmodulusofthefulトsizespecimenwasduetothe

useofresonancefrequencyoflowvibrationmode

suchas(1,1)mode.Accordingly,theshearmodulus

Gxyh WasCalculatedfrom combinationofthereso･

nancefrequenciesofhigherorderedvibration,(2,2),

(3,1)and(3,2)modes.

TherelationshipbetweenGxyh bythefull-sizeply･

Woodvibrationandtheshearmodulusofsmallspeci-
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Fig.9. Relationshipbetweenstaticshearmoduliof
smallspecimens,Gy-static,anddynamic
shearmodulicalculatedfrom resonance

frequencies of higher･ordered vibration
modesoffulトsizeplywoods,Gxy-dynamic.

Legend:□;7.5mm,△;9.5mm,○;12mm,●;9
mm.

mensbythestatictestisshowninFigure9.Both

dataagreedverymuch.

Shearmodulioffull-sizeplywoodsareusefulnot

onlyasadesignparameterforwoodjoistfloorsys･

tensandplywood･skinpanelsbutalsoaswebmem-

bersofcompositeI-beamsandBox-beams.

Finally,Young'smoduliA;andE;alsowerecalcu-

latedfromtheresonancefrequenciesof(2,2),(3,1)

and(3,2)modes.However,fitnessofvalueswith

thosebythestaticbendingtestwasnotimproved.

5.CONCLUSION

Theproposedvibrationmethodusingthetapping

techniqueenabledasimultaneousdeterminationof

orthotropicelasticconstants(E;,E;andGxy) of

fulトsizeplywoods,

Thefollowingexperimentalconditionsarerecom-

mended:

(1)BoundaryconditionisSFFF(one･edgesimply-

supportandthreeedgesfree). Experimentally,a

plywoodisverticallysupportedonaV-cutrigidrod.

(2)Aplywoodistappedwithahardrubberballat

15cm from thecornerontheupperedgelineand

vibrationisdetectedbypiezo･electricacceleration

sensorlocatedattheothercornerontheupperedge

line.

Acomputersupportedidentificationofindividual

spectrumpeaksenabledanautomaticprocedure.
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Theuseoftheresonancefrequenciesofhigher

orderedvibrationmodesisrecommendedforcalcula･

tionofshearmodulusoffulトsizeplywoods.

Theresultsprovethattheproposedmethodhasa

potentialforpracticalapplicationtoacomputer･

supportedautomaticelastic-constantdetemination

offull･sizeplywoodsasnon･destructivetests.
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