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Abstract

Atotalof38specimensoftheeccentrical1y-loadedcompressionmemberselastical1y-braced

atanintermediatepolntWereteSted,andtheelasto-Plasticbehaviorwasanalyzedbythe

methodwhichsoughtfbrthedenectedshapesatisfyingtheequilibriumatthesubdivision

polntSalongthememberlength.Thee脆ctofexpenmentalparameters,i.e.,nOrmalizedslen-

derneSSratio,POSitionofthebraceandbracesti魚IeSSOnthebehaviorofdeflectionreversal,

braclngfbrceratioandmaximumstrengthwereinvestlgated.

Keywords:Compressionmember,Buckling,Braclngfbrce,BraclngSti飽IeSS

1.In打Oducdon

Inthedesignofasteelcompressionmember,itissometimesbracedatanarbitrarylntermediatepolnttO

increasethestrengthbydecreaslngtheefftcdvebucklinglength.Anumberofresearchesonthebraclngrequlre-

mentsfbrthecompressionmemberwiththeintermediatebracehavebeenreported[ト6],andtheelasto-plastic

behaviorwasexperimentallyinvestlgated[2,4]･However,inmostcases,Onlythecaseofthebraceplacedatthe

CenterOfthememberwasconsidered.Consequently,thebraclngrequlrementSderivedwererathertoomoderate.

Forexample,theconventionaldesignoftenassumesthefbrceinthebracetobeequalto2%ofthefbrceactlngOn

thecompressionmember[7],butthebraclngfbrcewellexceeds2%inthecasethattheinitialcrookednessislarge,

and/ortheintermediatebracecannOtbearrangedatthecenter･Inaddition,theresearChinthepasthavenotfu11y

Clari丘edthephenomenonofthedeflectionreversalinvoIvedinthebehaviorofthelaterally-bracedcompression

member,thatis,thedeflectedcon丘gurationofainitially-CrOOkedcompressionmembersuddenlyshi氏sfromthe

nrstmodetothesecond【8]･Therehasbeennoinformationavailal)1eonitse飴ctonthebraclngrequlrementS.In

Ordertoclarifythoseproblemsmentioned,eXperimentalinvestigationwascarriedoutfbrthebehaviorofeccentri-

Cal1y-loadedcompressionmemberswhichwereelastical1y-bracedatanintermediatepolntOtherthanthecenter･

†ANDOStruCturalEngineers
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Thepapernrstintroducestheresultsoftests,andthendiscussestheelasto-

plasticbehaviorincludingthedenectionreversal,andthee飴ctsoftheposl-

tionandthestifhessoftheelasticbraceonthemaximumstrengthofthe

COmPreSSionmemberandthebraclngfbrce.

2.ExpenⅢ旭ntalinvestlgation

2.10utlineofthetest

Eccentrical1y-loadedsteelcompressionmembersweretested,Which

Wereelastical1ybracedatanintermediatepolnt,andthemaximumload-Car-

rylngCaPaClty,thefbrcegeneratedintheelasticbraceandthedeflectionre-

VerSalwereinvestigated.Figurelshowsaschematicviewofthetest.The
Fig.1TbstCondition

fo1lowingparameterSWereVariedinthetests:i)normalizedslendemessrati0

^ofthecompressionmember(^=1.0,1.5,2.0andactualslendemessrati0Å=240),ii)positionofthelateral

bracelb/l(atthedistanCeequaltol/2,1/3,Orl/40ftheⅡ肥mberlength丘omtheupperendsupport),andiii)

Sti魚IeSSparameterkofthelateralbrace(k=1,3,and5).NormalizedslenderneSSratio^isde丘nedas^=(L/

i)(＼南面)/7hWherel=memberlength,i=radiusofgyrationofthemembercrosssection,and巧andE=yield

StreSSandelasticmodulusofthemerhbermaterial,reSpeCtively.Thesti飽1eSSparameterkistherati00ftheelastic

Stifhessofthelateralbraceusedinthetesttothesti飴IeSSKodefinedbelow:

ち=豊年r

ろr=竿 触Aか0

彗､r=クー

where

br A｡<1.0

(1)

(2a)

(2b)

aJldPyandI=yieldaxialstrengthandmomentofinertiaofthemembercrosssection,laandlb=1engthofthe

longerandshortersegmentsofthememberdividedbythelateralbrace,1asshowninFig.1,andnormalized

Slendernessratio^｡iscalculatedfbrthelengthl｡.ThestifhessKowithP｡,givenbyEq.(2a)istheminimum

Sti飴IeSSrequiredfortheelasticbucklingstrengthofacentral1y-loadedcompressionm:rhberwhichisbracedatl｡

tobecomeEuler'sbucklingstrengthofamemberwith1engthequaltol｡givenbyEq.(2a).Thesameeccentricity

e=i/20+l/500wasglVenatbothendsofthem:mber.

2.2¶∋StSetup

Figure2showsthetestsetup.ThecompressionloadwasappliedtothespeClmenthroughthekmi飴edgesby

thehydraulicjack,anditwasmeasuredbytheloadcell.Theelasticlateralbraceconsistedofasimply-SuPPOrted

roundbarAofhigh-StrengthsteelusedfbrprestresslngtendonandaroundbarBofmi1dsteelconnectingthe

CenterOfthesimply-SupPOrtedbarAandthespecimen.Thestifhessofthelateralbracewastherefbremainly

glVenbytheflexuralstiffhessofthebarAandthetensilestifhessofthebarB.Thelateraldeflectionsandthe
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Fig.2r托stSetnp

StrainswereⅡ旭aSuredatseveralpointsalongthelengthofthespeClmenShowninFig.2bydisplacementmeters

andthewirestraingauges,reSpeCtively.ThestrainsofthebarSAandBwerealsomeasured,Whichwereusedto

Calculatethebracingfbrce.

Thepositionofthecompressionloadwas血stalignedaccordingtothestrainⅡ蛤aSurementSWithasteel

PlateinsertedbetweenthespeClmenandtheend丘xtureasshowninFig.2,andthentheeccentricitywassetby

removingthesteelplate.Thethicknessoftheplatewasa句ustedtoarequiredvalueequaltotheeccentricity.

2.3SpeclⅡ妃n

Thespeclm:nWaSaflatbarwiththesizeof38x16mm.ThblelshowsthenameofthespeClmenandthe

恥blelExpenmenhlⅥ止血1es

SI杷Clmen
eccen廿icity Slendem飴S Su脚 Sd仇l飴S

S匹Clmen e∝e血c吋
slen血mess SuppOrt Sd飴IeSS

e radoA 匹Slbom′b〟p∬ameterた e radoA 匹Sl加nJ♭〟 p訂am触rた

El0125

女姦

1.0

0.25

山 E20125

女孟

2.0

0.25
u

El032与 3 E20325 3

ElO525 5 E20525 5

ElOlさ3

0.33
u E20133

0.33
口

ElOユユ3 3 E20333 3

El05さ3 5 E20533 5

El0150
0.50

口 E20150
0.50

口
ElOユ50 3 E20850 3

ElO150 5 E20550 5

E15125

1.5

0.25
口 E24125

240

0.25
u

E15ユ25 3 E24325 3

E15525 5 E24525 5

E151さ3
0.33

u E24133
0.33

口
E15ユ33 3 E243さ3 3

E15533 5 E24533 5

E15150

0.50

n E24150

0.50

b
E15350 3 E24350 3

E15550 5 E24550 5

E24525- 240 0.25 ′5 E24350■ 240 0.50 3

E甥等身--SuPPOrtPOSition:lb/l=0･25→25,lb/l=0･33→33,lb/l=0･50→50

~~二_-Sti蝕essparameter:k=1→1,k=3→3,k=5→5

SlenderneSSratio:^=1.0→10,^=1.5一→15,^=2.0→20,入=240→24
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Thble2MaterialProperties(Compressionmembers)

m抽出血 A 8 C

yieldst托SS

q【肋m2】
280.38 283.71 596.32

誓紙粁 429.14 436.20 624.22

elongation【%】 31.98 30.57 24.28

elasticmodulus

g[肋椚2】
204.90 207.72 211.20

Valuesoftheexpenmentalvariables･The丘rsttwodigitsof

the丘vedigitnu血berofthespeClⅡ妃nnameindicatethevalue

Of^,thenextonedigitthevalueofk,andthelasttwodigits

thevalueofldl･Forexample,E15325isthespecimenwith

thevaluesof^,k,andlJlequaltol.5,3,andO.25,reSPeC-

tively･ThematerialpropertiesshowninThble2wereob-

tainedfromthetensiletestsofthebarSWiththesamesizeas

theonesusedfbrthecompressiontests,atypicalstress-Strain

CurvebeingshowninFig.3.Twodiffbrent･materialswere

usedfbrthesimply-SuppOrtedbarAinthebraclngSyStem,

WhosepropertiesarelistedinTbble3.

Thble4showsmeasureddim,nSionsofthespeClmenS

andthevaluesofthestifhessparameterke,Whichwerecal-

Culatedfromthedisplacementattheconnectionbetweenthe

braclngbarBandthespeclmenandthebraclngfbrceob-

tainedfromthestraingaugedataofthebarA(seeFig.2).

Thisdisplacementincludedthedefbrmationofnotonlythe

barsAandBbutalsotheconnectlngdevices,andthusthe

Valuesofkearesomewhatsmal1erthanthespeci丘edvalues

listedinThblel.

3･Analyticalinvestlgation

3.1Modelforanalysis

Figure4showsthemdelofasimply-SuPpOrtedcom-

Thble3MaterialProperties(Bracingmember)

material D E

diameterl[mm] 26.017 32.O17

diameter2[mm] 25.983 31.983

elasticmodulus

g[肋椚2】
211.61 221.26

¢[肋椚2】

2 4 6 8 10

Fig.3Stress-StrainRelation

Fig.4ModelfbrAnalysis

pressionmemberoflengthl,Whichisintermediatelybraced

atthedistanCelbfromtheupperend･Thebraceisshownby

anelasticspringwithspringconstantK=(k･Kb).TheaxialloadPisappliedwiththeeccentricityeatbo也ends,

andthedeflectionylSgeneratedbytheaxialload,inadditiontotheinitialdeflectionyo･Theverticalreaction

fbrcesattheupperandthelowersupportsandatthespnngaredenotedbyFu,FtandF,reSPeCtively.
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3.2IntegrationProcedure

Theload-deflectionrelationofthebracedm!mbershowninFig.4wasanalyzedbyaconventionalnumeri-

Calintegrationscheme,dividingeachoftheupperandlowerportionsseparatedatthebraceintonsegments.The

equilibriumequationofjthsegmentiswrittenasfbllows,reftmingtoFig･4:

0≦ノ<〃 叫=Ⅷ旬+乃j+布ノ叫/

〃≦ノ≦2〃 叫=Ⅷれ+リ+和ら+り-〃ノ血上ノーダり-〃ノ血i

(3)

(4)

Where q,yqi,andyidenotethebendingmoment,theinitialdeflection,andtheadditionaldeflectioncausedby

Tbble4MeasuredDimensionsandTbstResults

SpeCimen
Comp.

皿terial

Brace

m鉱erid g【〝〃れ】
J【〝〃乃】J【椚m】 W【椚椚】 入=∽

A たど P肌｡ノち
ルアw

[%】 笛
ElO125

A

A

B

A

B

A

B

upper

0.998

lower

0.997

384.50 15.58 37.73 85.48 1.006 0.96 0.75 0.88 0.66

ElO325 383.30 15.62 37.78 84.99 1.001 2.70 0.76 1.71 1.29

ElO525 382.40 15.63 37.78 84.76 0.998 3.50 0.73 1.66 1.21

ElO133 383.20 15.60 37.81 85.08 1.002 0.86 0.72 1.42 1.02

ElO333 383.80 15.60 37.78 85.24 1.004 2.78 0.74 2.00 1.49

ElO533 383.20 15.64 37.73 84.87 0.999 3.21 0.80 1.91 1.52

ElO150 383.20 15.糾 37.93 84.89 1.000 0.99 0.79 1.77 1.39

ElO350 383.50 15.60 37.70 85.18 1.003 2.60 0.88 2.27 1.99

ElO550 383.30 15.61 37.77 85.04 1.001 4.02 0.84 3.29 2.77

E15125

Å

upper

1.348

lower

1.354

574.(X) 15.63 37.87 127.22 1.498 1.05 0.53 2.71 1.44

E15325 573.90 15.62 37.88 127.24 1.498 2.36 0.54 2.91 1.57

E15525 573.80 15.63 37.78 127.16 1.497 3.40 0.62 3.00 1.85

E15133 573.60 15.66 37.87 126.89 1.494 0.98 0.63 1.71 1.07

E15333 574.20 15.62 37.82 127.38 1.500 2.56 0.66 2.62 1.73

E15533 573.40 15.62 37.90
-127.16

1.497 3.71 0.72 2.43 1.75

E15150 574.50 15.63 37.88 127.30 1.499 0.91 0.71 2.28 1.61

E15350 573.50 15.63 37.88 127.11 1.497 2.49 0.81 2.11 1.70

E15550 573.60 15.63 37.93 127.13 1.497 3.17 0.81 2.16 1.74

E20125

upper

1.737

lower

1.740

765.70 15.61 37.72 169.98 2.001 0.93 0.31 3.63 1.13

E20325 765.00 15.63 37.88 169.57 1.997 2.04 0.37 4.30 1.59

E20525 765.40 15.59 37.73 170.07 2.003 3.11 0.39 4.11 1.60

E20133 765.80 15.59 37.77 170.17 2.004 0.96 0.40 3.64 1.44

E20〇33 765.60 15.58 37.78 170.18 2.004 2.39 0.48 3.39 1.63

E20533 765.20 15.60 37.85 169.96 2.001 3.36 0.53 3.39 1.78

E20150 764.80 15.61 37.73 169.69 1.998 0.86 0.60 3.14 1.88

E20350 765.70 15.59 37.72 170.12 2.003 1.82 0.70 2.51 1.75

E20550 765.20 15.58 37.73 170.10 2.003 2.48 0.70 3.19 2.23

E24125

C

uPPer

2.513

lower

2.497

1109.70 15.96 37.98 240.83 4.073 0.79 0.09 9.48 0.83

E24325 1110.00 15.97 38.05 240.76 4.072 2.48 0.11 10.73 1.22

E24525 1109.00 15.95 38.03 240.90 4.075 4.36 0.12 9.76 2.62

E24525■

B

1077.20 15.62 38.13 238.94 2.811 3.93 0.28 5.07 1.42

E24133 1077.00 15.59 38.12 239.37 2.816 1.10 0.25 5.80 1.45

E24333 1076.80 15.62 38.12 238.85 2.810 3.41 0.34 3.64 1.23

E24533 1076.80 15.55 38.08 239.93 2.822 5.47 0.35 3.48 1.23

E24150
C

1109.90 16.02 37.97 240.02 4.060 0.74 0.17 12.34 2.11

E24350 1107,50 15.99 38.07 239.99 4.059 2.48 0.23 3.80 0.88

E24350■ B 1078.00 15.51 38.12 240.71 2.832 2.41 0.44 3.58 1.56

E24550 C 1109.20 15.95 38.00 240.9(i 4.076 4.47 0.23 2.08 0.49

e:eCCemicity,l:1ength,J:tChicknes亨,W:Width,入:SlenderneSSratio,^:n9rmalizedslenderneSSratio,
ke:Sti血essparameter,PhJアγ:maXlmumStrength,FWm｡X,Fn:SuppOrtlngfbrce
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loadingatthesubdivisionpointj,reSpeCtively,and血uandAxLthelengthsofthesubdividedelementsoftheupper

andlowerportions,reSpeCtively･Thecentraldi抒訂enCeeXPreSSionofthecurvattwe¢atthepointjisgivenby

¢=~γノ=▲
γノ.∫-みj+γノー∫

Ar2
(5)

Where血isequaltoAruorLAxLdependingonthepositionofthepolntj.

Thenumericalintegrationschemetoanalyzetheload-defLectionrelationisasfbllows,refbmingtothe

flowchartShowninFig･5:First,trialvaluesareassumedfbrthebendingmomentatlstpointM)andtheaxial

forcePforaglVenValueofthedisplacementygLvenatthebraclngPOlnt,andthemoment-CurVaturerelationunder

theaxialloadPisindependentlycalculatedforthecrosssectionofthecompressionmemberuslngthefibermodel.

Supposethattheintegrationproceedstothepointjandthequantities叫,yiand錆havebeendeteminedatall

pointsfromOtoj･Then,the deflectionyi.)atthepointj+1isdeteminedfromEq･(5)andthenthebending

moment叫+)fromEq･(3)orEq･(4)･Thec∬Vature¢.JCOrreSPOndingto叫.)isdetemined丘omthemoment-

Curvattmrelation.Afterrepeatingthisprocedureuptothepolntn,thebraclngpOlnt,ifthevalueofthedeflection

ynlSnOtSufncientlyclosetothevalueofygiven,theprocedureshouldberestartedwithanOthertrialvalueofM)･

0therwisethesameprocedureiscominueduptothepoint2n,thelowersupport,andifthevalueofthedeflection

y2nissu伍cientlyclosetozero,theconvergedsolutionisobtained.Otherwisetheprocedureshouldberestarted

With皿0thertrialvaluesofM]andPatthebeginnlng.Inthenumericalcalculation,themoment-Curvaturerelation

WaSdetemined丘omthemathematical1y-eXPreSSedstress-Strainrelationobtainedbycurve-fittingtheresultsof

thetensiletestshowninFig.3.Theinitialdeflectionwasassumedtobezero.Thevalueofnwastakenequalto

lOO,andtheconvergencecriteriasetfbrynandy2nWereIyn-ygivenl<ygiven/500andly2nl<l/106,reSpeCtively･

MÅlNLOOP LOOPA

Fig.5FlowchartofAnalysis

LOOPB
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4.Resultsanddiscussion

4.1Load-deflectionrelations

Non-dimensionalloadJeflectionrelationsofeachspeCimenareshowninFigs･6(a)-(d),Wherethedefkc-

tionsatseveralpointsalongthelengthofthespeClrrh,nareShown,andxdenotesthedistanCefromtheupperend,

andythelateraldenection.Thedeflectionatthebraceisindicatedbytheblacktriangle･

ThedeflectionreversalafterthemaximumloadoccurredinthespeClmenSbracedatmidpointexceptfbrthe

SpeClrr蛤nE15350･InthecaseofthespeClI聡nSWith^=2･0,theshi魚ofthedeflectionmodeoccurred,fromahalf

toafu11waveofsinecurve,rightaftertheyieldingstartedinthecompressionmember,andthecompressionload

Suddenlyreduced･InthecaseofspeClmenSWithbracingpointsLb/l=0･25andO･33,thedeflectionreversalwas

observedaftertheloadreducedto80to60%ofthemaximumload,aSthebraclngSti緻IeSSincreased,butits

amountwasrathersmi1.

SamPleresultsoftheanalysisareShowninFig･7comparedwiththetestresults･InthecaseofE15125,the

analysisshowsveryhighaccuracy･However,inthecaseofE15150whichwasbracedatthecenterandinvoIved

thedeflectionreversal,theconvergedsolutioncouldhavebeenobtainedonlyalittleafterthepointofthemaxi-

mumload.Thereasonofthenon-COnVergenCeafterthemaximumloadpointisnotyetclari丘ed･

4.2Deflectedcon丘gurations

Deflectedcon丘gurationsofeachspeCirrLenatSeVeralloadingstagesareillustratedinFig･8(a)-(d)･Black

ー2

Fig.6(a)Load-DeflectionRelations(^=1･0)

23
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･･

:.･
●:.

Fig.6(b)Load-DeflectionRelations(^=1.5)

ー2 2 4 6

Fig.6(C)Load-DeflectionRelations(^=2.0)
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∫/J=0.167

P′ち
E24525

∫/J=0.25･l

∫/J=0.50

ズ/J=0.75

γ/J【%】

4 6
-2

E24333

∫/J=0.333く

J/J=0.667 0.2

γ/J[%]

E24150 0.6

∫/J=0.25

ズ/J=0.75

∫/J=0.50く

γ/J【%】

0 2 4 6
-2

E24525●

J/J=0.25-l

0 2 4

=0.75 0

γ/J【%】

∫/J=0.25

0 2 4 6

E245〇3

J/J=0.167

ズ/J=0.333■

J/J=0.667

γ/J【%】

4 6
-2

0 2 4 6

E24350
0･6rP′ち

E24550

∫/J=0.50-l

ズ/J=0.75

γ/J【%】

4 6
-2

E24350-

∫/J=0.75

J/J=0.25

J/J=0･50-1γ/J【%]

6
-2

0 2 4 6

Fig.6(d)Load-DenectionRelations(Å=240)

a‥P鵬 b‥P卯 C‥Pど〝d

0.4L/∫/J=0･25
ズ/J=0.50-l

J/J=0.75

γ/J【%】

0 2 4 6

1supportingpoint ･･････Experiment -Analysis

E15150

2 4

a‥P′肌､

0 0.5 1 1.5

Fig･7ComparisonbetweenResultsofTbstandAnalysis

triangleindicatesthepositionoftheintermediatelateralbrace･Eachcon丘gurationisidenti丘edbytheloading

StageindexesPm｡X,PRX,andPend,Whichcorrespondtotheloadingstagesatthemaximumloadreached,theload

reducedtoXX%ofthemaximumload,andtheendofthetest,reSPeCtively･

Theshiftofthedeflectionmodefromahalf toafu11waveofsinecurveOCCurreda丘erthemaximumload

inthespecimensbracedatmidpoint･Especial1yinthespecimenswith^=2.0,araPidshi氏ofmodeoccurredright

aftertheyieldingstarted.OnlythespecimenE24150maintainedthemodeofahalfsinewaveafterthemaximum

load,butthedeflectionreachedthecapacltyOfthedisplacementmeter,andthusthefinalmodewasnotdetected.

Ingeneral,thebraclngpOintdenectionatthemaximumloadbecameSmal1er,andtheshi氏ofthedeflectionmode

25
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OCCurredmorecleady,aSthebraclngSti緻IeSSincreased･ThedenectionreversaloccurredatthebraclngPOlntOrat

theupperPOrtionhigherthanthebraclngPOintinsomeofthespecimenswithbraclngPOintslb/l=0.25andO.33,

butitsamOuntWaSSmal1andtheefftctonthem∝Ieshiftwasverylittle.

SampleresultsoftheanalysisareshowninFig.7comparedwiththetestresults.Asmentionedbefbre,in

thecaseofE15150,theconvergedsolutioncouldnothavebecnobtaineda氏erthemaximumloadpolnt･

4.3Bracl喝ねrce

Therati00fthebraclngforceFtothemaximumloadPm｡rlSPlottedagalnStthenon-dimensionalaxialload

f"yinFig･9･Itisgeneral1yobservedthatthebraclngforceratioatthemaximumloadbecomeslarger,aSthe

Slendemessratioincreases,andasthebraclngPOintpartsawayfrommidpoint･

InFig･10,thevaluesof〟PmL,XarePlottedagainstthevaluesofke,WhereFWm｡rindicatesthevalueofthe

braclngforceratiowhentheaxialloadreachedthemaximumvalue.ThevalueofFWm｡Xisnotmucha飴ctedby

thevalueofke,anditbecomeslargerasthebraclngpOlntPar(SaWayffomthecenter,ingeneral.Intheconven-

tionaldesign,thebraclngfbrceisusual1ytakenequalto2%oftheaxialstrengthofthecompressionmehber[7],but

thetestresultsshowthatitwasalittlelargerthan2%eveninthecaseofthespecimensbracedatthecenter,Since

thevalueofkewasrathersmal1.Inthecaseofspecimensbracedatthequarterpolnt,thebraclngfbrceratiodoes

notchangemuchwiththechangeinthebraclngStifhess.

0

0.25

0.50

0.75

J/J

ElO125

0 2 4 6 8
-4-2

∫/J
ElO133
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4.4M弧imumst托ng血

InFig.11,thevaluesofthemaximumstrength瑚Obtainedfromthetestsareplottedagainstthevalues

ofA.whichisthenormalizedslendemessratiocalculatedfbrthebucklinglengthequaltol｡(SeeFig･1)･Thesolid

lineindicatesthecolumncurveSpeCifiedbyAIJStandardsfbrLimitStateDesignofSteelStruCtureS【91:

入`･≦pk

タん<入｡≦ん

～九｡<入｡

P｡=ち ,ク入c=0･15

た=(1･0-0･5器)ち,ん珊都

考=(去)ろ

(6)

TheratiosofPnwtoPムarelistedinThble5,WhereP｡isthestrengthofthecentral1y-loadedcompressionmerhber

CalculatedbyEq.(6)takingthebucklinglengthequaltol｡.Ontheotherhand,thevaluesofPmaJFyareplotted

against^k=(Ldi)(海面)/7rinFig･12,Wherelkistheefftctivebucklinglengthdeteminedbyanalyzingthe

OVerallelasticbucklingstrengthofthem∝1elshowninFig･lwithe=0･Tbeslopedeflectionmethodderivesthe

bucklingconditionofthismodelasfbllows:
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Fig.8(C)DeflectedCon丘guration(^=2.0) Fig.8(d)DeflectedCon丘guration(Å=240)
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¶J
Z.･す川∫Z一

∫f〃Z- Zlt…ろ

Zノ=′｡J言,ろ=′占J富

E飴ctivelengthlkisobtainedbysubstitutingPcr,WhichisthesolutionofEq･(7)forP,intoEq･(9).

J慮=冗㈱ (9)

ThevaluesofPmaJPkarealsolistedinThble5,WherePkisthestrengthofthecentral1y-loadedcompression

membercalculatedbyEq･(6)takingthebucklinglengthequaltolk.

ThemaximumstrengthofthecompressionmemberplottedagainsttheslenderneSSratioJLzinFig･11

exceedsthecolurrnstrengthcurveinmanyCaSeS,WhilethoseplottedagalnSt^kShowagoodagreementwiththe

CurVegivenbyEq･(6)･ItbecomesknownfromThble5thatthebraceworksmoreeffbctivelyasthebracingpoint

approachestomidpoint,andasthebraclngSti仇IeSSincreases.

P′憬lノPlt
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Fig･11Relationsbetween瑚andA｡ Fig.12RelationsbetweenPm㌦Yand^k

Thble5MaximumStrength

SpeClmen ち P〝揖/Pα ㌦/Pk SPeCimen ち P′W/Pα P〝揖/Pた

ElO125 0.96 1.021 1.024 E20125 0.93 0.840 0.849

ElO325 2.70 1.025 0.964 E20325 2.04 1.006 0.796

El0525 3.50 0.992 0.924 E20525 3.11 1.052 0.761

ElO133 0.86 0.933 0.892 E20133 0.96 0.844 0.870

ElO3さ3 2.78 0.962 0.915 E20333 2.39 1.023 0,882

ElO533 3.21 1.031 0.978 E20533 3.36 1.121 0.928

ElO150 0.99 0.931 0.931 E20150 0.86 0.954 0.984

ElO350 2.60 1.040 1.040 E20350 1.82 1.115 1.112

ElO150 4.02 0.995 0.995 E20550 2.48 1.115 1.112

E15125 1.05 0.928 0.918 E24125 0.79 0.986 1.064

E15325 2.36 0.940 0.848 E24325 2.48 1.276 0.967

E15525 3.40 1.074 0.944 E24525 4.36 1.322 0.900

E15133 0.98 1.㈱ 1.002 E24133 1.10 1.057 1.021

E15333 2.56 1.055 0.965 E24333 3.41 1.428 1.038

E15533 3.71 1.148 1.037 E24533 5.47 1.496 1.045

E15150 0.91 0.963 0.977 E24150 0.74 0.807 1.032

E15350 2.49 1.095 1.094 E24350 2.48 1.090 1.142

E15550 3.17 1.093 1.092 E24550 4.47 1.113 1.166

E24525一 3.93 1.493 1.047 E24350● 2.41 1.051 1.062
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5.Conclusions

38specimensoftheeccenbical1y-loadedcompressionmemberbracedatanintermediatepolntWereteSted,

WhosenormalizedslenderneSSratioswerel･0,1･5,2･0andactualslenderneSSratio240,andloadeccentncltyWaS

takenequaltoi/20+l/500･ThefbllowlngPhenomenawereobtainedfromthetests.

1･ThedenectionreversalatthebraclngPOlnttendedtomoreclearlyappearinthememberswithlongerlength,

With1argerbracestifhess,andbracedatthepolntne∬ertOthecenter.

2･Thebraclngfbrceratioatthemaximumloadwasnotmucha飴ctedbythebracestifhess,anditbecamelarger

asthebraclngPOlntpartedawayfromthemidpoint,ingeneral,anditbeca皿elargerthan10%inthecaseofthe

SpeClmenSbracedatthequarterpOint.

3･Theradoofthemaximumloadobtainedinthetesttothecalculatedstrengthbecamelargerasthebracestifbess

increasedandthebraclngPOlntaPPrOaChedtothecenter･Thebraclnge伍ciencybecomesbetterasthebraclng

POintapproachestothecenter.

4･Thesolutionoftheanalysis,Whichsatis丘estheequilibriumateachsubdivisionpointalongthememberlength

anddeteminesthedeflectionbasedonthemoment-Curvaturerelation,VeryWelltracedtheexpenmentalbehavior

Ofthelongerspecimenwithsmallerbracesti緻IeSS,buttheconvergedsolutionwasobtainedonlyalitdeafterthe

pointofthemaximumstrength,inthecaseofsomespeClmenSWhichinvoIvedthedeflectionreversal.
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