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simu且tameousDet甜min摘ono官Yo弧ng'sModu且us鼠m戚
sheaTModu且阻SOfStruct岨Ta且LumbeTbyComp且ex

vibrationsofBem趨i咽 amdTwi摘咽 *l

NobuoSO担uE淋2

曲げ-ねじり複合振動による莫大木材のヤング率 と

せん断弾性率の同時決定*1

祖父江イ冨菜 *2

莫大構造用木村のヤング率 E とせん断弾性係数 Gを曲げ-ね じり複合振動 によって同 時 決起

する方法について検討 した｡木材の中央を発砲プラスチ ックの小片で弾性支持 し,-端の 角 を-

ンマで軽 く打撃すると,容易に曲げ-ねじり複合振動が励起 されたO他端の両角に配置 した ､凍f

のマイクロフォン (叉は加速度センサ)によって振動を検出し,その二つの信号を演算処 理 して

和 と差を求めると,複合信号から純粋な曲げ振動 とね じり振動の信号 を取 り出すことがで きた｡

これらの信号を FFTアナライザに入力すると瞬間的に共振周波数 を求め られ,E と Gを 同 時に

決定することができたOチモシェンコの梁理論などから間接的に G を推定する方法 も試み た が,

節などの欠陥を有する莫大構造材では,ね じり振動による直接測定が必要なことが明 らか とな-〕

た｡

ThedeterminationoftheYoung'smodulus(E)andtheshearmodulus(G)ofstructurallumber

byavibrationmethodwasexamined･ ●
ComplexvibrationsofbendingandtwistingWereProducedbytappingaPleCeOf-lumberwith

ahard･rubberhammer.

Theisolationofthetime-denectionsignalsofbendingandtwistlngVibrationsfromthes唱nalor

acornplexvibrationwasmadebyperformlnganadditiontoandasubtractionfTromthecomplex

slgnalswhichweredetectedbyapalrOfvibrationsensorsinstalledatbothedgesoranendorapleCe
●

orlumber.

TheisolatedsignalswereintroducedtoaFastFourierTransformationspectrumanalyzer,andthe

resonancefrequencieswereidentifTledinstantaneously.

ThisproposedmethodenabledasimultaneousdeterminationoftheE and G ofstructural
lumber.

Kevwords:structurallumber,Young'smodulus,shearmodulus,simultaneousmeasurement,
vibrationmethod.

1.INTRODUCTION

Inthestructuraldesignofwoodconstruction,not

onlythestrengthorstructuralelementsbutalsotheir

*l Received December3,1987.Thiswork was

presentedatthe37thAnnualMeetlngOrtheJapan

WoodResearchSocietyin1987(heldatKyoto).

*2名古屋大学農学部 SchoolorAgriculture,Nagoya

Universlty,Chikusかku,Nagoya464

stiffnessare important･Usually design sizesof

woodenbeamsarecontrolledbytheirstiffness.For

thisstiffnessdesign,notonlyaYoung'smodulus(E)

butalsoashearmodulus(G)areneeded,especially

indeepbeams,becausetheelrectofthedenection

causedbyasheardefわrmationcannotbeignored･

The current method or machine-stress-ratlng
I

(MSR)dimensionlumberisintendedtomeasureE.

ConcernlngaGmesureme叫 thestandardprocedure
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OrastatictorsiontestfわrstructuraHumberhasbeen

recommendedintheAmericanSocietyfわrTesting

andMaterials(ASTM)D198,1) butthismethodis

notconvenientlyappliedinlurnbermillsandfac-
■

tories.

Tbisworkaimsatdevelopmentoravibration

methodtTormeasuringtheE and G ofstructural

lumbersimultaneously･Aproposedtapplngmethod
I

usingaFastFourierTransformation(FどT)Spectrum

analyzerwouldenableaninstantaneousmeasure-

mentorbothinlumbermills.

2.FUNDAMENTALSOFCOMPLEX

VIBRATIONSOFBENDING

ANDTWISTING

A beam tappedataneccentricposition,suchas

alonganedgeline,producescomplexvibrationsor

bendingandtwistlng.Here,thebendingvibration

and the twiStlng Vibration occur independently

becausethebeam'scross-sectionisrectangular.

FigureI(a)showsafrequencyspectrum ofa

complexvibrationorapleCeOr2〝by4〝lumber

whichwastappedalongItsedgeline.Theidentifica-

tionorresonancepeaksorthebendingvibration

markedbyB-ncanbemadeeasilyfromacomparison

oreachpeakwiththatofthepurebendingvibration･

I(ち) I l l I l t l lPurebending

23 4
5

6 7

0 0.5 1.0k

Frequency･(H2;)

Fig.L Frequencyspectraofacomplexvibration
(a)andapurebendingvibration(b)ora
pleCeOr2′′by4′′lumber.

Notes:B-n:resolvedpeakofbendingvibrationof
n-thvibrationmodelT-n:resolvedpeakof
twistlngVibrationofn-thvibrationmode.
TheT-1peakisfわundattherightshoulder
oftheB-3peak.

A purebendingvibrationoccurswhenapleCeOf
●

lumberistappedalongitscenterline(Figure1(b)).

TheidentirlCationofresonancepeaksorthetwisting

vibrationmarkedbyT-n ismadebyasslgnlngthe

remalnlngPeaks,whicharelocatedataconstant

frequencyinterval,toeachmodeintheorderOf

frequency.

However,Sornetimesthetworesonancepeaksof

bendingandtwistlr唱 Vibrationsarelocatedvery

closelytogetherasshowninFigureI(a).Thisleads

tomisidentiflcationsortheresonancepeaks.

TheloHowlngProcedurewhich isintendedto

isolatethetime-denectionsignalsorbendingand

twistingVibrationsfromthatofacomplexvibration

givesaSubstantialsolutionforthesemisidentifica-

tions･Figure2Showstheconceptorthisprocedure.
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準 -cp-1t-
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Bendirlg Twisting Complex

Fig.2.Thedisplacementofabeam indifferent
vibrationmodes.

Thedisplacementorabeam atthetwoedgesoran

endincomplexvibrationbecome菰+6tand亀-銭,

where亀andGlarethecomponentsofthedenections

ofabeam atanytimeinbendingandintwisting

vibrations,respectively･Accordingly,theaddition

andthesubtractionorthedisplacememtsatthetwo

edgesoranendinacomplexvibrationprovidethe

doublingsorthedenectionsorthepurebending

vibrationandofthetwistingVibration,respectively･

Addition:(亀+銭)守(免-Ql)=2db,

Subtraction:(亀十cc)-(亀-Ol)=26t.

Theseoperationsweremadeelectronically by

usingOPerationalamplifiersasshowninFigure3.

3.EXPERIMENTS

3.1Materials

EightypiecesofNo.1drySpruce-Pine-Fire(S-p -

F)lumbereach10fbetlong(thatis,twentypiecesfor

each2Nby4N,2wby6W,2w by8W,and2wbylow

dimensionsize)andtwotimbersfわratraditional
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TviSting

26t

Bending

26b

Fig･3･ Diagram oftheoperationalamplifiersused
fortheadditionandsubtractionofsignals.

Japanese house (10･5cmXIO･5cmx3m;western

hemlock)wereused.Apartoftheexperimentswas

madewith2′′by4′′S-p-ドlumber,8feetlong･

3.2Methods

Specimensweresupportedhorizontallyorverti-

callyonanironblockwhichwasinstalledatthe

centerorabeam.AsheetorュmmrubberorapleCe

orfわamed polystyrene,5cm thick,wasplaced

betweenabeamandtheironblock.

Specimensweretappedwithahard-rubberham一

merattwopositionsalongtheiredgeline:atanend

andatapolntlocatedorle-quarterOfthelengthfrom

theend.TherlrStPOSitionwastappedbecauseitcoin-

cidedwiththelooporallvibrationmodes,and

thesecondpositionwastappedtoenhancethere-

sponsepeaksorthehigher-numberedvibrationmodes･

Taptonesweredetectedbyapal一OrCOndenser

microphoneswhichwereinstalledattheotherendor

thebeam.Thedetectionofvibrationalsowastried
●

byusingaPallOfaccelerationsensorsinsteadofthe

microphones.

A spectrum analysiswasmadebyusingaFFT

spectrum analyzer(OnoSokkiCo.;duaトchannels

analyzerCN-910).

EandGwerecalculatedfromthevibrationtheory

offree-freebending2)andfree-freetwistlng3)vibra-

tionsorabeam.

4.RESULTSANDI)ISCUSSIONS

Figure4 Showsthefrequency spectra ofthe

resolvedbendingvibrationswhena2′′by4′′pleCeOr

lumberwassupportedhorizontallyonarubbersheet

andonafoamedpolystyrenepleCe･Fortheformer,

thevibrationsoreven-numberedmodeswereob_

lMokuzaL'Gakkaishi
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Fig･4･ Frequencyspectraortheresolvedbending
vibrations,

Notes:A2′′by4′′pleCeOrlumberwassupported
horizontally.(a):supported on arubber
sheet.(b):supportedonafoamedpolysty-
renePleCe･

served(Figure4(a)).However,forthelatter,not

onlythevibrationsofeven-numberedmodesbutalso

thoseofoddmumberedmodeswereobserved(Figure

4(b)).Thisprovedthattheelasticsupporthythe

foamed polystyrene pleCe Provided buta weak

restraintofthevibrationsoftheodd-numbered

modes.

Figure5Showsthespectraortheresolvedtwistlng

vibrations.Inthecaseofthesupportonarubber

sheet,onlyvibrationsorodd一mumberedmodeswere

observedbecausethesupportpositionorabeam

coincideswiththenodalpolntSOrtheodd-numbered

modevibrations･By uslng afわamed polystyrene

pleCe,thevibrationsoreven-numberedmodesalso

wereobserved.

Figure4and5show thatthetwo-timestapplng

excitesthevibrationofstructurallumberef指ctively.

Noremarkabledifferencesofspectrumpatternswere

observedbetween ahorizontalsupportlr唱 and a

verticalsupportingOfabeam.ltwasconcludedthat

thehorizontalsupportlngOrabeamwasbetterthan

verticalsupportlngbecauseorthestabilityandthe

easeorsupport.

InthecaseofapostforatraditionalJapanese

house,aspecimenwassupportedonafわrmedpoly一
■

styrenepleCe･Thefundamentalmodeofabending

vibrationalsowasobserved.
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Fig.5. Frequencyspectraortheresolvedtwisting
vibrations.

Notes:A2"by4"PleCeOflumberwassupported
horizontally.(a):supported on arubber
sheet.(b):supportedonafわamedpolysty-
renepleCe･

Itwasconcludedthatabeamhorizontallysupporト

edonafToamedpolystyrenepleCeProvidedforthe

Bending
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preferablevibrationofstructurallumber･

Wenotedthatsuddenhigh-levelnoiseinlumber

millsdisturbed thedetection by microphonesor

vibrationsounds.Tocorrectthiscondition,avibra-

tion measurementuslng acceleration sensors or

pleZO-Crystalwasexamined,A palrOracceleration

sensorswasattachedonbothedgesoranendora

beam bypleCeSOfstickytape.However,noslgnifTl-

Cantdifferencesinspectrawereobservedbetweenthe

twodetectionmethods.

Detectionorsignalsbymicrophonesisconvenient

becausenon-contactmeasurementsarepossible.On

theotherhand,avibrationdetectedbyacceleration

sensorsisalittletroublesomebecauseitrequiresthe

mountlngOrSenSOrSOnaSPeCimenfわreverymeasure一

ment･However,thelattertechniquebeingmorereli-

ableundernoISyCircumstancesasinlumbermills,it

wasusedinthefわllowingexperiments.

Figure6showsthetyplCalspectraordimension

lumberorallsizesused.Fairlygoodisolationsorthe

resonancepeaksorbendingvibrationsandtwisting

vibrationswereobtained.

Theidentificationofresonancepeaksof.twistlng

r 且 ｣し ′qL 且 ｢

｢ 止 Ⅲ ′jL ]f
500 0

Frequency (Hz)

Fig.6.Typicalspectraofdimensionlumberofallsizesused.
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vibrationswasmadeeas靭 beCauSetheirresponse

ieve舶 weresuperiorandeachpeakappだaredata

eonstant舘equeneylnterVaL

T恥eidentirlCation甜theFeS脚anCePeaksorbend-

‖鳩 VibrationswfaSalittleeompHeated･Sometimes

weakresonancepeaksdueもOtWistmgVibrations

conはminatedthespectrum or紬eresolvedbending

vibrationsbecause扉 もhe壷mperret:Isignalisolation

whichwasCausedbydereeもsimspecimenssuchas

loea丑dispimi｡nsorrlberarrangementsandknots･

However,identirleatiomeouidbc madewiththeaid

olrin茸lbrmationabouttheregularityOrresonance

frequencieswhichwerecalc岨IatedflromtheVibration

紬eory,

!dentifieationwasbegunw壷thattentiontothe

resonancepeako者■the4th-modevibrationsbecauseits

responseleve且wassuperior.王ndeed,arrangingthe

responsepeaksintheorderortheirresponselevelsin

舶ehspe飢Tu恥 もhemagnitu血 ortheresponselevelor

the4th･modev壷bralionwasgreaterthanthatofthe

peak5thfrom血 maximum peak.

FiT札 aprovisionalvaltAeOrtheresonancefre-

quency(W the4th･modevibrationwascalculated

from amErepoTledin王iterature.Then,thelargest

peakslocatednearth孟sprovisionalresonancerre-

quemeywereSOughLandanimprovedEwascalcu一

臨ed.Here,theresonance rrequeneiesofother-

nurn娠 redvibrationmodeswereestimated.Ifthe

鹿Sト触 ed peakswerenotobtained, theassumed

resonarwerrequeraeyOrthe4th-modevibrationhadto

heCOr陀Ctedan飢hesameprocedurerepeateduntila

heSト徹tedsearchwasobtained.Asthelimitorthis

workwasoneightypleCeS甜 S-p -F lumber､ no

m汀eeiion昔-Orthefllr･StChoiee証 the4th一m｡dereso-

nancepだakwasneeded.

Thesuppt汀tConditionsorabeam arrecttheob-

脚 l′哲dres心naneerrequeneieswhichareused玩)rthe

だa蔓eulat童ゆnO着IEaT5dG.

Fli糾re7Showsthesh頂ortheresonancefrequency

t汗theres油′edbemdimgvibra血n汁om thatorthe

pu陀 flrce-Freeben溺ng ･ヽibration.Here､atTreelree

beam恥√aSSuP押rtedatnoda及p桝ntSOTtheヽ･ibration.

Thedashed呈inerepre紀ntStheinherenterrorcaused

by摘eo野ra血northeFFT analyzerused.The

mtWSa=･}舶一mum鹿redmodes,especiallyaHhe3rd

mt1鉱 weregreaterthanthose ateven-numbered

mo戯 V意hra血 nsb陀 auS貯OFthesupporHI｡nditionsof
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Nunber of vibration mode

Fig･7･ E恥ctofthesupportofabeamonthereso-

nancefrequency ofthe resolved bending
vibration.

Notes:Fr:resonancefrequencyobtainedfromthe

resolvedspectrum.Fr':resonancefrequency
obtained什omthe什ee一汁eevibration.

thebeam.Therefore,anE wascalculatedfrom the

resonancefrequenciesofthe2nd,4th,and6thmode

vibrationsinthiswork.

Figure8showstheplotsoftheGratio,Gn/G,

withrespecttothemodenumber;G,aGcalculated

from theresonancefrequency ofthefundamental

modevibration;andGn,aGcalculatedfromthatof

the′卜thmodevibration.Theratioincreasedwith

2'lbyloft

/ :b, 8..

:i :/2∴ , 6･･

● 2IIby 4-I

1 2 3 4 5

Numberofvibrationmode

Fig･臥 Relationshipbetween G ratio Gn/G and
numberofvibrationmode.

Notes:Gn:G calculatedfrom theresonancefre-

quencyofthef2-thvibrationmode.G:a

calculated什om theresonance什equencyor
thefundamentalvibrationmode.



VoL34,Not8,1988]MeasurementofYoung'sandShearModuliofStructuralLumberbyVibrationMethod657

increasesorthemodenumber,anditalsoincreased

with increasesofthewidth-to-thicknessratioofa

beam,A/h･Thesetrendsoccurbecauseofthe"warp"

ef托ctintwistingvibrations･Thesamephenomenon

hasbeenreportedbyNakaoandothersinthecaseof

thetw主StlngVibrationsofclearshortbeams.4)Alittle

酢eaterincreaseinthe2ndmodevibrationwasdueto

therestraintofthevibrationcausedbythesupportof

abeam.Therefbre,Gvalueswerecalculatedfromthe

resonanceFrequenciesoffundamentalvibrations;

thisalso has been recommended byNakao and

Others.4)

ThecorrelationbetweenGandEwasexaminedto

confirm ifa canbeestimatedindirectlyfrom E･

However,theresultofalinear-regressionanalysisdid

notglVeSignificantcorrelation,

G=0.76-6.73×10~3E (GPa),

r:0.107.

AnotherindirectestimationorG bythenexural

vibrationtheoryorTimoshenko'sbeam alsowas

examined.Itscalculatedvalues,Gf,Wereplottedwith

0.25 0.5 0.75 1･0 1･25

Gt(GPa)

Fig･9･ RelationshipbetweenshearmoduliGfand
Gt.

Notes:Gf: Gcalculatedbythenexuralvibration
theoryorTimoshenko'sbeam･q : Gcalcu-
1atedbythetwistlngVibrationtheory･

respecttothoseobtainedfromthetwistingvibration,

q ,inFigure9.Thedatawasscatteredaboutthe

straightlinewhichrepresentsGf-Gt.Unlikeaprevi-

ousstudyonclearshortbeams,5) theplotteddata

showedscatterlngbeyondexpectations.Thisdiffer-

enceprobablyoccurredfromtheexistenceofdefects

inthelumberwhich agitatedtheresonancefre-

quenciesorbeams.

OurresultsprovethenecessltyOradirecttwIStlng

testfわrthemeasurementortheG orcommercial

timbers.

5.CONCLIJSIONS

Theproposed tapplng method using complex

vibrationsofbendingandtwistingOffTree-freebeams

enabledasimultaneousdeterminationofanEanda

Gorstructurallumber.Thismethodalsoenableda

simplearrangementofdeviceswhichwouldbeprefer-

ablefわrthequalityevaluationorstructurallumberin

lumbermillsandfactories.

TheresultsortheindirectestimationsorGbythe

nexuralvibrationtheoryorTimoshenko'sbeamand

bytheregressionanalysisOfGandEprovedthata

twistl咽 Vibrationmethod wasindispensablefわr
■

measurlngtheGorstructurallumber･
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