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Meas弧Temen息ofF且ex弧Ta且温igi誠紙yof
mywoo姐-We鮎鮎ed迅蝿-Beams触yVibTa息iomM如hod*l

NobuoSoBUE*2,KiyohikoIKEDA*3andTakanoriARIMA*4

振動法による合板ウェブボックスビームの曲げ剛性の測定*1

祖父江信夫喪2,池田潔彦*3,有馬孝穏*4

振動試験による合板ウェブ ･ボックスビームの曲げ剛性 (EI)の測定法を検討した｡
試験体は総数 30体で,同一製造マニュアルに従って6社で製造された｡両端を単純支持した栄
をゴム‥ンマで打撃し,支持点に加わる振動の反力の波形から梁の固有振動数を求めた｡

ボックスピ-ムを均質梁 とみなして振動理論を適用した場合およびボックスビームの構造の不

均 一性を考慮して伝達マ トリクス法を適用した場合について検討したo計算結果に両者の差は認

め られず,静的曲げ試験によるEIに比べていずれも平均値で約 15%過小評価した｡

振動試験によって,梁の重量と固有振動数から静的曲げ剛性を推定するモデル式を誘導した｡

Thenexuralrigidity(EI)ofplywooか webbedbox-beamsestimatedfromminimuminformation
●

inarnanufTacturlngProcessWasinvestigated.

Thirtysimple-supportedbox-beamsweretappedwithahammer,andtheresonancefrequencies
weremeasuredfromthefTreevibrationsofthebeams.

Theelementary-Vibrationtheoryofuniformbeamsandatransfer-matrixmethodforvibration

problemswereusedtoestimatetheEIofthebeams.Theresultswerecomparedwiththoseby■l
static-bendingtests.BothEIestimatesbytheelementary -vibrationtheoryandbythetransfeト matrix

methodweresmallerbyanaverage15%thanthatbythestatic-bendingtests.

ApredictionfわrmulaofEIbystatictestscalculatedfromvibrationtestswasobtained.

Keywor･ds:boxbeam,mexuralrigidity,vibrationmethod･

1.INTRODUCTION

TheshortageoflargかSizetimbersandimprove-

mentsingluingtechniqueshavepromoteddevelop-

mentofcompositebeamsforstructuralmembers･In

Japan,theutillization ofplywood･webbed box-

beamsisnotpopularatprese叫 butthebasisfbrtheir
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usehasbeenlaidforbothtechnicalandfundamental

aspects･Thisdata hasthepotentialto supply

designedbeamsofla柑eSize.

Thisworkaimstodeterminethefeasibilityofa

vibrationtechniquefわrestimatlngthenexuralrigid-

ity(EI)ofplywood-webbedbox･beamsfrom the

minimuminformationwhichcanbeobtainedeasily

inamanufacturingprocess;namely,resonancefre･

quency,weight,anddimensionsorabeam･

Thisworkwasproposedbecausethedesignsizeor

woodenbeamsusuallyiscontrolledbytheirstiffness

whichisapracticaldesignparameterinthedesignof

woodenstructuresandbecauseavibrationtechnique

wouldprovideasimpledevicetoserveapracticaluse
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infTactories.

2.mATERIALANDMETHOI)S

2.1 Plywood-webbedbox-beams

DetailsorbeamconstructionareshowninFigure

I.Hem-FirorSpruce-Pine-Fir2"by4"(nominal

Flange(2''by4F')* Stiffner(2〝by4′′)*

3640
〕nit:mm

Fig.1.Construction or plywood-webbed box
beams.
*Nominalinchsizesofmembers.

inchsize)No･2gradelumberwasusedfわrmangeand

sti恥ermembers･No.1gradeplywood,12mmthick

forconstructionuse,wasusedfTorwebmembers.

WebmemberswereJoinedwithmangeandsti恥er
●

membersbyanaqueousvlnyトpolymersolution-
●

isocianateadhesiveandCN-50nails,andthejoints

betweenstiffnermembersandmangememberswere

madewithCN-90nails.

Thirtybox-beamswerefabricatedatsixfactories;

namely,rlVebeamsateachfactory,accordingtothe

sameprocessingformula.

2.2 Methods

EIwasmeasuredbybothstaticandvibrationtests.

Theformerweremadewithatwo-pointloadingat

one-thirdorspanlength･Thelatterweremadebythe

freevibrationofsimple-Supportedbeamswithspan

lengthsor360cm･Specimensweretappedwitha

rubberhammerattheirmidpolntS,andthevibra-

tionsweredetectedbyaloadcellwhichwasinstalled

asoneofthesupportblocks.TheresonancefTre-

quencywasmeasuredbyaFastFourierTransfわrma-

tionSpectrumArlalyzer･

2･3 CalculationofJZexuralrigidity

2･3･1 Elementarytheoryofvibrationl)

TheEIofasimple-supportedunifbrmbeambythe

elementary-vibrationtheorylSglVenby

EII4･l3･fr2･W/7r2 (I)

whereH slengthorabeam,〟 istheresonance

frequency,andwistheweightofthebeam･

2.3.2 Transfer-matrixmethod2)

Aboxbeamwasconsideredasabeammadeora

linearcombinationoftwokindsorelements,Sprlng

elementsandmasselements.

ThefieldmatrixlTF]andthepointmatrixlTp]of

eachelementareexpressedasfollows;

[㌫]=

and [㌫]=

1I12/(2EI)l3/(6EI)

01 I/EI l2/(2EI)
00 1 /

00 0 1

1 0 0 0

0 1 0 0

0 0 1 0

Ma720 0 1 ,respectively,

(2)

(3)

whereM ismass,andaiscircularfrequency.

ThetransfermatrixofanemirebeamlN]isgiven

bymultiplyingthefTleldmatrixandthepointmatrix

lnturn,

- [Tpn][TFn][Tpn_L][TFn_L]･･･[Tpl][TFl]
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where[N],y,C,M,andQ are(4 × 4)matrix,

defわrmation,slopeofbeam,moment,andshearforce,
●

respectively.ThesubscrlptS1and〟aretheposition

numbersorthetwoendsorthebeam.

Then,Equation5wassolvedfortheboundary

conditionofasimple-supportedbeam,Inamely,yn-
yl=OandMn-M1-0.

Theaccuracyofthesolutiondependsonthenum-

berorelementsconsidered.Itwasexaminedasa

homogeneousrectangularbeam.ThedifferenceofEI

between the transfer一matrix method and the

elementary-vibrationtheorydecreasedwithincreases

inthenumberorelements.Inourworkthenumber

ofelementswere65.Thedifferencewasabout5x

10-4%.
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3.RESULTSANI)DISCUSSIONS

3･IApplicatlonof theelemenlayy-vibratE'ontheory
AnEJobtainedbystatic-bendingtests(EIs)isnot

thepureEIofabox-beambecauseinabeamwhose

heightislargefわrabox-beam theinnuenceorthe

sheardeformationofthebeam cannotbeignored･

However,thisapparentvalueisusedcurrentlyasa

practicalindicatororthemechanicalpropertyor

compositebeams.Ourgoalis,therefわre,howwecan

estimatetheEIsbyvibrationtechniques･

TherelationshipbetweenEIbystatictestsand

thatbytheelementary-vibrationtheory(EIv)was

investlgated. ●

TheEIvtoEIsratioaveraged0.849withastan-

darddeviationofO･0821TheEIvwassmallerby15%

than theEIs･ Whydoessuch adifferenceexist

betweenthetwomethods?

Consideringtheroleoreachelementinabeam,the

stintnermemberscontributenotonlyasstructural

membersbutalsoasaconcentratedmasswhich

dimi nishestheresonancefrequencyofabeam.Inthe

elementary-vibrationtheory,thelattereffectisaver-

agedbydistributingthemassofthestiffnermembers

uni丘)rmlyovertheentirelengthorthebeam.This

mightbeoneorthecauseoftheerrorinEIestima-

tions. Therefore, the following tranSfTer-matrix

methodwasusedtodeterminetheefhctsofthe

constitutionof.abeamonEIestimations.

3.2Applicatl'onofthetransfer-matrixmethod

ThefわllowingassumptlOnSWereimposed:

(I)Thereisnoslipbetweenwebandmangemembers･

(2)Thestiffnermembersalsoworkasaconcentrated

mass.(3)ThedensityofnangeandstifFnermembers

is0.5g/cm3.(4)Themassofthenailsistakeninto

consideration,butthatortheglueisdisregarded･

Thedif托renceofEIbetweentheresultsbythe

elementary-vibration theory and by thetransfer-

matrixmethodwaslessthan0.1%.Thismeansthat

theconcentratedmassofstiffnermembershasno

slgnirlCanteffectonthecalculationoftheEIofa

box-beam.

Theeffectofthedensitiesofthemangeandstiffner

memberswasinvestlgateWithrespecttotherange

from p-0.40toO･60g/cm3consideringthecaseof

Hem-FirandS-p-Flumber.Densltyhadnoinnu-

enCe.

TheeffectofthedensltyOfwebmembersalsowas

investigatedwithrespecttotherange什omβ=0･5to

0.7g/cm3.Noinnuenceexistedeither.

3･3TheotheycausesajfeclingEIestimation

A rotatoryInertiaofbeamsaffectsaresonance

frequency.3)Thiseffect,whenthestiffnermembers

weredisregardedinthecalculation,wasestimatedto

beabout0.5%.ThisfactoralsowasminorinEI
●

estlmatlOn.

Thesheardeformationofthickbeamsaffectstheir

apparentdenection.Thetotaldenectionorabeam

(y)isthesumofthedenectionbyamoment(yM)and

thatbyashearforce(yQ).

y=yM+yQ=yM(I+C)
TheyQtOyMratio(C)isgivenby4)

C-(i)i･KL･KF･(i)2

(6)

(7)

whereKLisaloadfactor,KFisadimensionlessshear
factor,(E/G)iistheequivalentEtoGratioofa

beam,andh/Iistheheight-to-lengthratio.

Ofthesefactors,KL4)affectsthedifferencebetween

EIvandEIsbecausethereisadifferenceinthe

mannerorloading;namely,atwo-polntloadingfわr

statictestsandasinusoidallydistributedloadingfor

vibrationtests.Therefわre,gL=9.39fわrstatictests,
andだ L = 9.87fわrvibrationtests.Thismeansthat

thevibrationtestinducesanincreaseorgL byabout

5渇morethanthestatictest.Finally,thevibration

testestimatesthegJ1.2渇lessthandoesthestatic

test.

TherestillexistsadifferenceofEIby13to14渇

betweenthestatictestsandvibrationtests.Thecause

ofthisdifrerenceisnotclearatthistime,andfurther

investlgationisnotplannedbecauseourfinaltarget

isonlyhowtoestimatetheEIfromtheminimum

infわrmationonbeamswhichisobtainedeasilyinthe

manufacturingPrOCeSS･

3.4PredictionformulaofEIsfrom vibrationtests

TherelationshipbetweenEIsandEIvisshownin

Figure2.ThestatisticalresultshaveshownthatEIv/

EIsisO･8490naverageandthatitsstandarddevia-

tionis0.082.

Accordingly,thefbllowlngequationwillpredic
●

EIsfromEtv:

EIs-1.18EIv (8､
However,thisequationoverestimatestheEIv;

oftheplotsbelowthispredictionline･Thisovel



546 NobuoSoBUE,KiyohikoIKEDAandTakanoriARIMA [MokuzalGakkaI'shE'

(.･Lu
U
･6
1
.,O
t
X
)

⊥＼山

■1
S
a
}

U
!Ie
l

S

^
q

1̂

!P
!B
!L
fe
J
n

Xaに 0.4
0.4 0.6 0.8 1.0 1.2

FIexuralrigiditybyvibrationtest,E/V(xlO9kg･cm1-)

Fig.2.PredictionformulaofEIfrom vibration
tests.

Note:EIpis95%lowerconfidencelimitofEIsvs
EIvline.

timationisnotacceptablefrom theviewpointOf

structuraldesignbecauseitestimatesthedenectionof

abeamasbeinglessthantheactualdenection.

Then,thelowerconfidencelimitof95渇wasused

asappropriatetOreducetheacceptablerisklevel,

EIp-I.02EIv (9)

ThispredictionlinealsoisshowninFigure2.

4.CONCLUSION

A vibrationmethodformeasuringtheEIof

plywood-webbedbox-beamswasinvestigated.

Theelementary-vibrationtheoryofuniformbeams

gavesmallervaluesOFEIby15% Onaveragethan

thosebystaticbendingtests･

Theresultofthetransfer一matrixmethodproved

thattheconcentratedmassofstiffnermembershadno

innuenceonthecalculationofEI.

Otherfactors affectlng EI calculations were

examined;namely,densitiesofstirFnerand web

members,arotatoryInertia,andasheardefわrmation,
I

buttheywereminorfactors･

Apredictionformula(EI,)ofEIsfrom EIvwas

arrivedatinEquation9･

Inconclusion,theproposedvibrationmethodisa

feasiblepracticalwayforpredicting the EI of
I
plywood-webbedbox-beams.
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