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Abstract:Theconcretefilleddoublesteelplatecompositewall(CFDSPCW)withshearstudconnectorsisa
newtypeofconstructioncomponentforhigh-risebuildingsthatresistlateralforce.Inthispaper,thein-
planeshearresistanceofCFDSPCWsisstudiedwithnonlinearfiniteelementanalysisusingANSYS.To
thisend,someassumptionsweremadetosimplifythenumericalmodel.Basedontheexperimentalresults
andtheformulaofshear-slipofstudconnectorsintheliterature,aconstitutiverelationshipexplainingthe
shear-slipofshearstudconnectorsisproposedusingcurvefitting.Then,thefiniteelementmodelofthe
experimentalCFDSPCWisestablishedandvalidatedthroughexperimentalresults.Thereafter,thestudy
presentstheeffectsofkeyparametersincludingthespaceofstudconnectors,thethicknessofboththesteel
plateandconcretecore,theconcretestrength,andthespan-depthratioofwallsontheshearresistanceof
CFDSPCWs.Theresultsindicatethatthethicknessofboththesteelplateandtheconcretecore,andthe
strengthofconcretearethemostcriticalfactorsaffectingtheshearresistanceofCFDSPCWs,andthe
spacingofstudconnectorsaffectsthefailuremodeofCFDSPCWs.
Keywords:compositewall;shearconnectors;shearresistance;numericalanalysis;compositestructures

栓钉连接双钢板 混凝土组合剪力墙抗剪性能数值分析
韦芳芳,朱有华,喻君

(河海大学 土木与交通学院,南京210098)

摘 要:双钢板 混凝土组合剪力墙结构是一种新型高层建筑抗侧力构件,具有良好的应用价值和

发展前景。根据其他学者的试验结果,结合相关文献中连接件的剪切滑移公式,拟合得出抗剪栓钉

的剪力-滑移关系,并通过有限元软件ANSYS建立了双钢板 混凝土组合剪力墙的有限元模型。以

分析组合剪力墙的剪切性能为目的,采用相关假定简化模型并与已有试验结果对比,验证有限元模

型的合理性。采用验证过的有限元模型进一步对双钢板 混凝土组合剪力墙的抗剪性能进行非线

性分析,研究抗剪栓钉间距、钢板厚度、混凝土板厚度、混凝土强度等级及组合剪力墙跨高比等主要

参数的影响。数值结果表明,钢板、混凝土板厚度以及混凝土强度对双钢板 混凝土组合剪力墙的

抗剪承载力的影响最显著,而栓钉间距会影响组合剪力墙的受剪破坏模式。
关键词:组合剪力墙;剪力连接件;抗剪性能;数值分析;组合结构

中图分类号:TU391;TU398  文献标志码:A  文章编号:2096-6717(2021)01-0096-11



1 Introduction
Asthelateralloadisconsideredtobethe

dominantfactorinthestructuraldesignofahigh-
risebuilding,thelateralforce-resistingsystemis
themostimportantpartofahigh-risebuilding[1].
Concretefilleddoublesteelplatecompositewalls
(CFDSPCWs)withshearstudconnectorsare
proposedasanewtypeofshearwallstructure[2-3].
Thesteel-concrete-steel(SCS)walldevelopedby
theCorusCompany[4]consistsoftwosteelplates
andaconcretecore.TheSCSwallintegratesthe
advantagesofsteelandconcreteandhasahigh
shearresistanceandlateralstiffness.TheSCSwall
isconstructedusingshearconnectorrodsattached
tobothsteelplatesthroughahigh-speedrotational
frictionweldprocess.However,theinteraction
betweentheconcreteand steelplatesistoo
complicatedtobeusedinahigh-risebuilding.In
ordertosimplifytheinteractionofthesteelplates
andtheconcretecoreofthecompositeshearwall,

theCFDSPCW withshearstudconnectorswas
developedbyNieetal.,andissuitableforhigh-
risebuildings[5].

Atpresent,therearedozensofbuildingswith
CFDSPCWstructuresusedasthelateralforce-
resistingcomponentsworldwide,whicharemainly
distributedinhighseismicintensityregionssuchas
North America and Japan. There are some
domesticbuildingsusingthisCFDSPCWstructure
suchasthemainstructureofanAvalokitesvara
statue[5],thetubestructureoftheYanchengTV
tower[6],andthemainstructureoftheGuangzhou
EastTower[7],whichindicatesthattheuseofthis
typeofstructureisstillintheearlystageinChina.

Duetoits good mechanicalperformance,

convenientconstructionandhighreliability,the
studconnectorhasbecomethemostwidelyused
shearconnectorandisalsousedintheCFDSPCW
structurestudiedforthispaper.Inaddition,to
improvetheintegrityofthecompositeshearwall
andstrengthenthelateralrestraintoftheinternal

concrete,studconnectorsareweldedontoeach
steelplate.Moyetal.[8]conductedapush-outtest
ofstudconnectorsandstudiedtheirshearstiffness
and strength. Nie et al.[7,9] experimentally
investigated the seismic performance of
CFDSPCWswithstudconnectorsunderdifferent
axialcompressionratios,shearspantoeffective
depthratiosandintervalsbetweenstudconnectors.
TheirresultsshowedthattheCFDSPCWhadgood
ductilityandenergydissipationcapacity,andthus
couldpotentiallybeappliedinhigh-risebuildings.

Therearealsostudiesoftheshearresistanceof
steel-concretecomposite walls[10-15].Weietal.[10]

carried out numericalanalysesandtheoretical
analyseson CFDSPCWs usingfriction welded
transversebarsasshearconnectorsandproposeda
formulatocalculatetheshearcapacityofthe
corresponding CFDSPCWs. Zhu et al.[11]

numericallyinvestigatedtheshear behaviorof
CFDSPCWswithplatestiffenersandshearstudsas
combinedshearconnectors,andthenproposedan
analyticalsolutionforshearcapacitybasedonthe
diagonalcompressionmodelofshearmechanism
thatconsideredconcretedamage.Guoetal.[12]

proposedastrutandtiemodeltocalculatethe
shear capacity of CFDSPCWs with confined
boundaryelementsundercyclicloadingtests.The
modelconsistsofdistributeddiagonalcompression
strutsmadeofconcreteandthediagonaltensiontes
contributedbyfacesteelplates.Moreover,theties
areperpendiculartothestrutsandthecontribution
ofthe wallsaxialcompression ontheshear
resistanceisconsideredbasedoncurve-fitting.Jiet
al.[13]conductedcyclictestsonfivesteel-concrete
compositeshearwalls,inwhichsteelplateswere
encasedinconcreteorputonsurface witha
concretecore.Thetestdata,togetherwiththatof
46steel-concreteshearwalls,wereusedtoevaluate
theformulaeofshearcapacityadoptedindifferent
codes. Xiong et al.[14] experimentally and
numericallyinvestigatedthreeCFDSPCWsunder
cyclic loading,and proposed a formula for
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calculatingshearcapacityofCFDSPCWsthrough
curvefittingontopoftheshearcapacityformulaof
reinforcedconcreteshearwall.Zhangetal.[15]

derivedtheshearcapacityandcorrespondingshear
strainofCFDSPCWsusedinnuclearengineeringat
theelastic,concretecracking,steelplateyielding
andfinalstagesbasedontheassumptionofperfect
compositeeffectsbetweentheconcreteandsteel
plates,inwhichtheultimatecapacitywasderived
based on the cross-diagonalstrut model.In
summary,thesystematicanalysisoftheshear
resistanceandbehaviorofCFDSPCWswithshear
studconnectorsusedinhigh-risebuildingsisstill
rareintheliterature.Itisnotclearwhetherthe
current shear capacity formulae apply to
CFDSPCWswithonlyshearstudconnectorsthat
are usedin high-rise buildings.In addition,

previousnumericalstudiesandtheoreticalanalyses
presumethatthereisaperfectcompositeeffect
betweentheconcreteandsteelplates.However,in
practice,aslipbetweentheshearstudsandthe
concretecorecouldoccur.
In this paper,the shear resistance of

CFDSPCWs with shear stud connectors is
numerically studied using the ANSYS finite
elementanalysissoftware.Thenumericalmodels
considertheshear-slipeffectbetweentheconcrete
andstuds,andthecontactofsteelplatesand
concretecore.Thenumericalmodelwasinitially
validatedbypreviousexperimentalresultsandthen
usedtoinvestigatetheeffectsofkeyparameterson
theshearresistanceof CFDSPCWs.Thekey
parametersincludetheintervalbetweentheshear
studconnectors,thethicknessesofsteelplatesand
concreteplates,thestrengthoftheconcrete,and
theheight-widthratioofthewalls.

2 Numericalmodelingandvalidation

2.1 Simplificationofthemodel

Inordertofocusontheshearresistanceofa
CFDSPCW,wehavemadesomeassumptionsto
developasimplified modelofaCFDSPCW,as

shownin Fig.1.These assumptions are as
follows[16]:1)BetweentheCFDSPCW andthe
surroundingframebeams,aswellasthecolumns,

thenodesatthefourcornersarepinconnections,

andtheeffectonthelateralresistanceofframe
bendingisignored;2)theflexuralstiffnessofthe
framebeamsandcolumnsisadequatetoprovide
sufficientanchoragecapacityforaCFDSPCW;and
3)theaxialdeformationsofboththeframebeams
andthecolumnsareignored.Sincetheentire
beamsareconnectedtothe walls,theaxial
deformationofframebeamscanbeignored.To
avoidtheeffectoftheoverturning momentof
columnsontheshearresistanceofaCFDSPCW,

theaxialdeformationofframecolumnsisignored
aswell.

Fig.1 SimplifiedmodelofaCFDSPCWstructure
 

AsshowninFig.1,ADandBCrepresentthe
framecolumns,whileABandDCdenotetheframe
beams.Thesection dimensions oftheframe
columnsandbeamsareH300mm×300mm×10
mm×15mm,inwhichthesectionis300mmin
widthandindepthandthethicknessofweband
flangeis10mmand15mm,respectively.The
yield strength of allthe steel used in the
CFDSPCWswas235 MPa.Thegeometricand
materialpropertiesoftheCFDSPCW specimens
usedfortheparametricstudiesarelistedinTable
1.HandLrepresenttheheightandthespan(or
width)oftheCFDSPCWspecimens,respectively;
� wasthe height-width ratio (H/L)ofthe
CFDSPCW,dswastheintervalbetweentheshear
studconnectors,tsandtcwerethethicknessof
each face steel plate and concrete core,

respectively;andfcuk wasthestrengthofthe
concrete.
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Table1 GeometricandmaterialpropertiesofCFDSPCWspecimens

No. H/m L/m β=H/L ds/mm ts/mm tc/mm fcuk/MPa

W0 3 3 1 300 10 200 30

W11 2.4 3 0.8 300 10 200 30

W12 3.6 3 1.2 300 10 200 30

W13 4.5 3 1.5 300 10 200 30

W14 6 3 2 300 10 200 30

W21 3 3 1 200 10 200 30

W22 3 3 1 600 10 200 30

W31 3 3 1 300 6 200 30

W32 3 3 1 300 8 200 30

W33 3 3 1 300 20 200 30

W41 3 3 1 300 10 300 30

W42 3 3 1 300 10 400 30

W43 3 3 1 300 10 700 30

W51 3 3 1 300 10 200 20

W52 3 3 1 300 10 200 40

W53 3 3 1 300 10 200 50

W54 3 3 1 300 10 200 80

2.2 Descriptionoffiniteelementmodel
Thefiniteelement(FE)modelofaCFDSPCW

structureisshowninFig.2.Alltheelementsused
arepartoftheANSYSsoftware.Theconcreteis
modeledusingthesolidelementSOLID65.The
constitutivemodeloftheconcreteintheCodefor
ConcreteStructureDesign(GB50010-2010)isused
inthispaper.Steelplatesweremodeledusingthe
SHELL181element.Theidealelastic-plasticmodel
wasusedfortheconstitutivemodelofsteelplates.
TheSOLID45elementwasusedfortheframe
beamsandcolumns.

Fig.2 FiniteelementmodelofaCFDSPCWstructure 

Theformulafortheshear-slipofshearstud
connectors[17]isgivenbytheEq.(1).

V =Vu(1-e-ns)m (1)

whereVuistheultimateshearcapacityoftheshear
studconnectors,Sistherelativeslipofshearstud
connectorsandconcrete;mandnrepresentthe
curve-fittedparameters,whicharerelatedtothe
dimensionsoftheshearwall.Basedonthegiven
formulafortheshear-slipofshearconnectors[17]and
thepush-outtestsofstudshearconnectors[18-19],the
shear-slip relationship parameters of stud shear
connectorscanbecurve-fitted.

ThenonlinearspringelementCOMBIN39is
usedformodelingtheshearstudconnectors[20].
Thespringstiffnessiscalculatedbythenonlinear
shear-sliprelationshipgivenbyEq.(1).Acontact
elementisusedfortheinteractionbetweenthe
concreteplateandthesteelplate.CONTA173is
usedfortheinternalsurfaceofthesteelplates,and
TARGE170isusedfortheexternalsurfaceofthe
concrete plate;these elements are paired to
representtheinterfacebetweenthesteelplateand
theconcrete plate.The contactsurfaces are
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assumedtobesmoothand withouttheinter-
penetrationofconcreteandsteel.Theconcrete
plateandthesteelplatetransfernormalpressureto
eachother,butthenormaltensileforceisnot
considered.

Thelateralloadisappliedwithdisplacement-
control.Thelargestlateraldisplacementislimited
to1/50timesthatoftheinter-storydriftangle.At
thesametime,theinitialelasticlateralstiffnessK0

issetastheslopeattheoriginpointoftheload-
displacementcurve.
2.3 Finiteelementanalysis

Thefiniteelementanalysisconsistedofthree
steps.First,anFEmodelofaCFDSPCWwithout
any initial geometrical imperfections was
constructed and applied with displacement
constraints.

Second,becauseoftheeffectsofprocessing,

transportation,installationandotherfactors,steel
platesinpracticalengineeringapplications will
inevitablyhavesomeinitialdeformationandinitial
defect.TheunitforceF wasappliedintheFE
modelofthe CFDSPCW.From the buckling
eigenvalueanalysis,thefirstbucklingmodeofthe
CFDSPCW wasobtainedandusedforgenerating
theinitialgeometricalimperfections,whichshould
beconsideredto demonstratethe out-of-plane
bucklingandthegeometricnonlinearityofthesteel
plates.Accordingtotherequirementofflatnessof
aconcreteplateinasteel-concretecompositeshear
wallstructure,the maximum amplitudeofthe
initialdefectsofthesteelplateisLmax/1000(Lmax

isthelengthofthelongeredgeofasteelplate)[21].
Third,anFEmodelofaCFDSPCW withits

initialgeometricalimperfectionswasconstructed.
The displacement constraints and the lateral
displacement were applied to the FE model
considering any large deformations, material
nonlinearityand/orgeometricnonlinearity.To
calculate the ultimate shear capacity of the
CFDSPCW,theequilibriumpathoftheloadand
displacement was traced using the arc-length

method.

2.4 Validationofnumericalmodel

A quasi-static seismic experiment of a
CFDSPCW structurewithstudconnectionswas
reportedintheliterature[9].Thedimensionsof
thecompositeshearwallinthetestareshownin
Fig.3.Thesectiondimensionofthetwoconcrete-
filledsteeltubularcolumns(includingthesteel
tubes)was100 mm×120 mm.Thesectional
dimensionsofthecompositewall(includingthe
steelplates)was600mm×90mm.Theconcrete
plateandthesteelplateswereconnectedwithstud
connectors at an interval of 100 mm. The
thicknessesofthesteelplatesandsteeltubeswere
3mm.Theyieldstrengthofthesteelis360MPa.
The cubic compressive strength of concrete
was27.5MPa.

Fig.3 Dimensionsofthetestmodel(mm)
 

TovalidatetheFEmodeloftheCFDSPCW
structure,theresultsofnumericalanalysiswere
comparedwiththeexperimentalresultsasshownin
Fig.4;thisshowsthatthenumericalresultsare
almostthesameastheexperimentalresultsatthe
linearelasticstage.Withtheincreasingofthe
displacement,theload-displacementcurveofthe
numericalanalysisdeviatedfromtheexperimental
curve;butbothofthecurvesshowthesametrend
andareveryclosetoeachotherintermsofultimate
shearresistance.Theexperimentalandnumerical
resistance was 1015.5kN and 997.6kN,

respectively,andthelatterisapproximately98%
oftheformer.Therefore,thisFEmodelofthe
CFDSPCW structure wasextendedforusein
parametricstudies.

001 JournalofCivilandEnvironmentalEngineering            Vol.43



Fig.4 Comparisonoftheload-displacementcurves
 

3 Shearmechanismofcompositewalls
Basedontheexperimentalandnumericalresultsof

the CFDSPCW undershear with differentshear
connectors,theshearmechanismswereidentifiedand
mechanical-basedformulaewerederivedtocalculatethe
ultimateshear capacity.Basically,the proposed
formulaeareallbasedonthecross-diagonalstrutand
tie model,i.e.,theconcreteforming diagonal
compressionstrutsbetweencracksandsteelplates
contributingdiagonaltensionties.Moreover,the
concretecrackedinthediagonaldirection,andthe
diagonaltensionyielding wasperpendiculartothe
cracks[10-15].Asaresult,theshearcapacitywas
simplycontributedbysteeltensionandconcrete
compression.Themajordifferenceistheformula
ofconcretecompressioninthefollowingfour
models.To determinethe criticalparameters
relatedtotheshearcapacity,andtocomparethe
numericalresultswiththeanalyticalresults,four
formulaearelistedasfollows:

1)Thecontributionoftheconcretecoretothe
shearbearingcapacityofCFDSPCWsisconsidered
intwo ways:thenominalshearactingatthe
sectionalongthespandirection,andthediagonal
compressionstrut[10].Thiscanbewrittenas

Vu=0.6fyAs+0.39f0.57cu Ac+

0.24fctccosθ L2+H2 (2)

  2)InadditiontoEq.(2),theeffectofthe
concretedamageonthediagonalstrutisconsidered[11];

thiscanbeexpressedas
Vu=0.577fyAs+0.39f0.57cu Ac+

0.18fctccosθ L2+H2. (3)

  3)Thecontributionoftheconcretetotheshear
capacityisrepresentedbyadiagonalcompression
strutonly,andtheeffectofshear-spantoeffective
depthratioisconsidered[12]asEq.(4).

Vu=0.5fyAs+0.5fcAc0.65-fc/180
λ +0.15

(4)

 4)TheformulausedinCodeforDesignof
Composite Structures (JGJ 138-2012)[22] and
TechnicalSpecificationforConcreteStructuresof
TallBuildings(JGJ3-2010)[23]wasbasedonthe
shear failure of steel plate-encased concrete
compositeshearwallsandanalogicallymodifiedfor
theshearcapacityofCFDSPCWsundersmall
shear-spanratiosandzeroaxialloads[14],asshown
below.

Vu=0.5fyAs+0.5fcAc(0.7-fc/200)(5)

wherefyistheyieldstrengthofthesteelplates;

fcuandfcarethecompressivestrengthofthe
standardconcretecubeandprisms,respectively;θ
istheangleofdiagonaltensionstripswithrespect
tothehorizon;AsandAcarethetotalcrosssection
areaofthesteelplateandconcretecorealongthe
span,respectively;andλistheshear-spanratioof
thewall.

Inaccordancewiththeabove-mentionedshear
mechanism,thecriticalparametersfortheshear
resistanceofCFDSPCWsincludesthemechanical
andgeometricpropertiesofconcreteandsteel
plates.Therefore,thestrengthoftheconcrete,

thethicknessofthesteelplateandtheconcrete
plate,andtheheight-widthratioofthewallare
usedforparametricstudies.Itshouldbenotedthat
theheight-widthratioissimilartotheshear-span
ratioofwalls,buttheformerisalwaysalittlebit
smaller.Inaddition,theintervalbetweenthestud
connectorsisacriticalparameterthatensuresthe
compositeeffectoftheCFDSPCW,andthusis
usedforparametricstudyaswell.

4 Parametricanalysisoftheshear
resistanceofCFDSPCWs

  Parametric analyses were performed to

101No.1   
WEIFangfang,etal.:Numericalanalysisofshearresistanceofconcretefilleddouble-steel-plate

compositewallswithshearstudconnectors



investigatetheeffectsofseveralcriticalparameters
ontheshearresistanceofCFDSPCWs,which
includedtheintervalbetweenthestudconnectors,

thethicknessofthesteelplateandtheconcrete
plate,thestrengthoftheconcreteandtheheight-
widthratioofthewallontheshearperformanceof
CFDSPCWs.
4.1 Effectoftheintervalbetweenstudshearconnectors

SpecimensW0,W21andW22inTable1were
usedtostudytheeffectoftheintervalbetweenthe
studconnectors(ds)ontheshearresistanceof
CFDSPCWs,andtheintervalchangedfrom200
mmto600mm.
Fig.5(a)showstheload-displacementcurves

ofCFDSPCWs.Thecurvesarethesameatthe
elasticstage,indicatingthattheintervalbetween
thestudconnectorshadonlyaminoreffectonthe
initialelasticstiffnessoftheCFDSPCWs.Whends
wassmallerthan300mm,theload-displacement
curves have no obvious softening part. The
capacityofCFDSPCWsslightlyincreases with
increasingdisplacementandchangestotheplastic
stagesmoothly.However,whendswasequalto
600 mm,thecurveslightlysoftensafterthe
ultimatecapacity.

Fig.5(b)showstheshearstress-anglecurves
ofthesteelplates,inwhichtheangleequalsthe
ratiooftheappliedlateraldisplacementandthe
wallheight.Thesteelplatescanreachtheshear

strength(=235/3)nomatterwhattheinterval
betweenthestudconnectorsis.Butwhendsis
equalto600 mm,theshearstress-anglecurve
obviouslysoftensaftertheshearyieldingofthe
steelplates.Out-of-planebucklingofthesteel
platesoccursatthemaximumlateraldisplacement
of54mmbecausetheintervalbetweenthestud
connectorsistoolargetorestrainthesteelplates,

asshowninFig.6(a).Whendsissmallerthan300
mm,theshearstress-anglecurvesdonotdiffer
muchaftertheshearyieldingofthesteelplates.
Themaximum out-of-planedisplacementofthe
steelplatesisnotlargerthan1.1mm,asshownin

Fig.6(b),suggestingthatwhendsisnotlarger
than300mm,theout-of-planebucklingofthesteel
platescanbeeffectivelyprevented,andthewhole
steelplatesareabletocontributetotheshear
resistanceofCFDSPCWs.

Fig.5 Effectofthespacebetweenstudconnectors
ontheshearresistance

 

Fig.6 Displacementcontoursofsteelplatesat
differentintervalsbetweenstudconnectors(mm)

 

4.2 Effectoftheheight-widthratioofthewall
SpecimensW0,W11,W12,W13andW14in

Table1wereusedtostudytheeffectoftheheight-
widthratioofthewalls(� )ontheshearresistance
ofCFDSPCWs,inwhich�changesfrom0.8to2.
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Fig.7(a)showsthat�significantlyaffectsthe
initialelasticlateralstiffnessK0ofCFDSPCWs.
K0 approximately linearly decreases with an
increaseofβ.Fig.7(b)showsthatwhenβ
increasedfrom0.8to2itresultedintheshear
capacitydecreasingbyonly6.9%from15.5MNto
14.5MN,indicatingthattheeffectofthewall
height-widthratioisinsignificant.Thisisbecause
thecompositeshearwallmakesfulluseofthe
shearcapacityofthesteelplatesandtheconcrete
plate,andthelateralloadistransferredthrough
thewholecrosssectionofaCFDSPCW.

Fig.7 Effectofthedepth-spanratioofthewall
ontheshearresistance

 

4.3 Effectofthethicknessofthesteelplate
SpecimensW0,W31,W32andW33inTable

1wereusedtostudytheeffectofthethicknessofa
steelplate (ts)on the shear resistance of
CFDSPCWs,in which the plates thickness
changedfrom6mmto20mm.

Fig.8(a)showsthattheload-displacement
curves show no obvious softening,and the
structureenteredtheplasticstagesmoothly.With
anincrease ofts,theshearcapacity ofthe
CFDSPCWimprovessignificantly.Fig.8(b)and
(c)showthatboththeinitiallateralstiffnessand
theshearcapacityoftheCFDSPCW increased
linearlywiththeincreaseofts.

Fig.8 Effectofthethicknessofsteelplateson
theshearresistance

 

4.4 Effectofthethicknessesoftheconcreteplate
SpecimensW0,W41,W42andW43inTable

1wereusedtostudytheeffectofthethicknessofa
concreteplate (tc)ontheshearresistanceof
CFDSPCWs,inwhichthethicknesschangedfrom
200mmto700mm.

Fig.9(a)showsthattheload-displacement
curvesdisplay no obvioussoftening,andthe
structureenteredtheplasticstagesmoothlydueto
thegoodcompositeeffectoftheconcreteandsteel
plates.Astcincreased,theshearcapacityofthe
CFDSPCWsimproved significantly. Moreover,

Fig.9(b)and(c)demonstratethatboththeinitial
lateralstiffnessandtheshearcapacityincreased
linearlywithanincreaseoftc.InCFDSPCWs,the
concreteplatebetweenthesteelplatesbearsthe
lateralloadandprovideslateralstiffness,andalso
preventstheout-of-planebucklingofthesteel
plates.However,aftertakingtheweightandthe
spaceofthestructureintoconsideration,the
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thicknessofconcreteplateshouldnotbetoolarge.

Fig.9 Effectofthethicknessoftheconcreteplate
ontheshearresistance

 

4.5 Effectofthestrengthoftheconcrete

SpecimensW0,W51,W52,W53andW54in
Table1 wereusedtostudytheeffectofthe
strengthoftheconcrete (fcuk)ontheshear
resistanceoftheCFDSPCWsinwhichthestrength
changedfrom20MPato80MPa.

Fig.10(a)showsthattheinitialelasticlateral
stiffnessattheelasticstagegraduallyincreasedas
thestrengthoftheconcreteincreased.Fig.10(b)

showsthattheshearcapacityoftheCFDSPCWs
riseslinearlyasthestrength oftheconcrete
increases.Furthermore,thehigherstrengthof
concretecanreducethewallsweightandrequires
lessspaceforthestructure.Asaresult,theshear
capacityofCFDSPCWscouldbeimprovedbyusing
highstrengthconcrete,especiallyforhigh-rise
buildings.
4.6 Comparisonsofnumericalandanalyticalresults

Fig.11showsthecomparisonsofthepeak

Fig.10 Effectofthestrengthofconcrete
ontheshearresistance

 

capacitiespredictedbyEqs.(2)~(5)andthe
currentnumericalanalysis.Clearly,thenumerical
resultsreasonablyagreewiththepredictedresults
intermsoftheeffectsofdifferentparameters;and
therelativeerrorsbetweenthenumericalresults
and,forexample,Eq.(2),areabout9%-19%.
Therefore,thenumericalresultsaregenerally
larger,indicatingthattheresultsofEqs.(2)~(5)

areonthesafeside.

Fig.11 Comparisonsofthepeakcapacitiespredictedby
Eqs.(2)~(5)andthecurrentnumericalanalyses

 

5 Conclusions

Thispaperpresentstheresultsofextensive
studiesoftheshearresistanceofCFDSPCWs.
Basedontherelevantparametricanalyses,the

401 JournalofCivilandEnvironmentalEngineering            Vol.43



conclusionsareasstatedbelow:

1)Theintervalbetweenthestudconnectors
significantlyaffectedtheshearperformanceofthe
CFDSPCWs.Intervalsbetweenstudconnectors
thatwerenotlargerthan300mm wereableto
effectivelypreventtheplatesfrom out-of-plane
buckling,andpreventthedegradationoftheshear
capacityoftheCFDSPCWs.

2)Inaccordancewiththeassumptionthatthe
framebeamsandcolumnssurroundingCFDSPCWs
arehingeconnectedandarerigid,theheight-width
ratioofthewallhadanotableeffectontheinitial
elasticstiffness,andaminoreffectontheshear
capacityoftheCFDSPCWs.

3)TheshearresistanceofCFDSPCWscanbe
improvedbyincreasingthethicknessofthesteel
andtheconcreteplateandthestrengthofthe
concrete.But,aftertakingtheweightandthe
spaceofthestructureintoconsideration,the
thicknessoftheconcreteplateshouldnotbetoo
large.
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