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1.IINTRODUCTION 

IIIIIIIIIIIIIIISeismicIAnalysisIisIaIsubsetIofIstructuralIanalysisIandIisItheIcalculationIofItheIresponseIo

fIaIbuildingIstructureItoIearthquakes.IItIisIpartIofItheIprocessIofIstructuralIdesign,IearthquakeIengineeri

ngIorIstructuralIassessmentIandIretrofitIinIregionsIwhereIearthquakesIareIprevalent. 

IIIIIIIIIIIIITheImostIimportantIearthquakesIareIlocatedIcloseItoItheIbordersIofItheImainI tectonicIplate

sIwhichIcoverItheIsurfaceIofItheIglobe.ITheseIplatesItendItoImoveIrelativeItoIoneIanotherIbutIareIprev

entedIbyIdoingIsoIbyIfrictionIuntilItheIstressesIbetweenIplatesIunderItheIepicenterIpointIbecomeIsoIhi

ghIthatIaImoveIsuddenlyItakesIplace.IThisIisIanIearthquake.ITheIlocalIshockIgeneratesIwavesIinItheIg

roundIwhichIpropagateIoverItheIearth‟sIsurface,IcreatingImovementIatItheIbasesIofIstructures.ITheIim

portanceIofIwavesIreducesIwithItheIdistanceIfromItheIepicenter.ITherefore,IthereIexistsIregionIofItheI

worldIwithImoreIorIlessIhighI seismicIrisk,IdependingIonItheirIproximityItoItheIboundariesIofItheImai

nItectonicIplates 

IIIIIIIIIIIBesidesItheImajorIearthquakesIwhichItakeIplaceIatItectonicIplateIboundaries,IothersIhaveIthei

rIoriginIatItheIinteriorIofItheIplatesIatIfaultIlines.ICalledI„intraIplates‟Iearthquakes,ItheseIlessIenergy,I

butIcanIstillIbeIdestructiveIinItheIvicinityIofItheIepicenter 

IIIIIIIIIIITheIactionIappliedItoIaIstructureIbyIanIearthquakeIisIaIgroundImovementIwithIhorizontalIan

dIverticalIcomponents.ITheIhorizontalImovementIisItheImostIspecificIfeatureIofIearthquakeIactionIbec

auseIofIitsIstrengthIandIbecauseIstructuresIareIgenerallyIbetterIdesignedItoIresistIgravityIthanIhorizont

alIforces.ITheIverticalIcomponentIofItheIearthquakeIisIusuallyIaboutI50%IofItheIhorizontalIcomponent

,IexceptIinItheIvicinityIofItheIepicenterIwhereIitIcanIbeIofItheIsameIorder. 

IIIIIIIISteelIstructuresIareIgoodIatIresistingIearthquakesIbecauseIofItheIpropertyIofIductility.IExperienc

eIshowsIthatIsteelIstructuresIsubjectedItoIearthquakesIbehaveIwell.IGlobalIfailuresIandIhugeInumbersIo

fIcasualtiesIareImostlyIassociatedIwithIstructuresImadeIfromIotherImaterials.IThisImayIbeIexplainedIb

yIsomeIofItheIspecificIfeaturesIofIsteelIstructures.IThereIareItwoImeansIbyIwhichItheIearthquakeImay

IbeIresisted: 

 OptionI1IstructuresImadeIofIsufficientlyIlargeI sectionsIthatItheyIareIsubjectItoIonlyIelastic

Istresse 

 OptionI2IstructuresImadeIofIsmallerIsections,IdesignedItoIformInumerousIplasticIzones. 

 

IIIIIIIIIII 
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AIstructureIdesignedItoItheIfirstIoptionIwillIbeIheavierIandImayInotIprovideIaIsafetyImarginItoIcoverI

earthquakeIactionsIthatIareIhigherIthanIexpected,IasIelementIfailureIisInotIductile.IInIthisIcaseItheIstru

cture‟sIglobalIbehaviorIisI„brittle‟IandIcorrespondsIforIinstanceItoIconceptIa)IinIaIBaseIShearIV-

ITopIDisplacementIdiagram.IInIaIstructureIdesignedItoItheIsecondIoptionIselectedIpartsIofItheIstructur

eIareIintentionallyIdesignedItoIundergoIcyclicIplasticIdeformationsIwithoutIfailure,IandItheIstructureIa

sIaIwholeIisIdesignedIsuchIthatIonlyIthoseIselectedIzonesIwillIbeIplasticallyIdeformed. 

IIIIIIIIIITheIstructure’sIglobalIbehaviorIisI„ductile‟IandIcorrespondsItoIconceptIb)IinItheIBaseIShearI

V-

ITopIDisplacementId.ITheIstructureIcanIdissipateIaIsignificantIamountIofIenergyIinItheseIplasticIzones

,IthisIenergyIbeingIrepresentedIbyItheIareaIunderItheIV-

dIcurve.IForIthisIreason,ItheItwoIdesignIoptionsIareIsaidItoIleadItoI„dissipative‟IandI„non-

dissipative‟Istructures. 

 

2.1.IPROBLEMISTATEMENT 

IIIIIIIIIIIIIIITheIstructureIconsistingIofIsixIstoriesIwithIthreeIbaysIinIhorizontalIdirectionIandIsixIbays

IinIlateralIdirectionIisItakenIandIanalyzedIitIbyIbothIequivalentIstaticImethodIandIresponseIspectrumIa

nalysisIandIdesigned. 

TheIstoreyIheightIisI3ImetersIandItheIhorizontalIspacingIbetweenIbaysIisI8ImetersIandIlateralIspacing

IofIbaysIisI6Imeters 

TheIseismicIparametersIofIbuildingIsiteIareIasIfollows 

 SeismicIzone:I3 

 

 ZoneIfactorI„Z‟:I0.16 

 

 BuildingIframeIsystem:IsteelImomentIresistingIframeIdesignedIasIperISPI6 

 

 ResponseIreductionIfactor:I5 

 

 ImportanceIfactor:1.5 

 

 DampingIratio:I3% 

 

FIGI2.1I:ISTAADIinputIofIseismicIparameters 

 

 

 

FIGI2.2I:I3-dimensionalIviewIofItheIsteelIbuildingIframe 
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i    ) 

LOADIPARAMETERS: 

deadIloadIisItakenIasI=I5KN/m2IandIliveIloadIisItakenIasI3IKN/m2ILoa

dICalculatio 

 

 

 

4.1ILATERALIFORCEIMETHOD: 

 

TheIseismicIloadIofIeachIfloorIisIcalculatedIatIitsIfullIdeadIloadIandIimposedIload.ITheIweightIofIcol

umnsIandIwallsIinIanyIstoryIshouldIbeIappropriatelyIdividedItoItheIfloorsIaboveIandIbelowItheIstory.I

BuildingsIdesignedIforItheIstorageIpurposesIareIlikelyItoIhaveIlargeIpercentagesIofIserviceIloadIprese

ntIatItheItimeIofItheIearthquake.ITheIimposedIloadIonItheIroofIisI notIconsidered. 

InItheIequivalentIstaticImethodIwhichIaccountsIforItheIdynamicsIofItheIbuildingsIinIapproximateIman

ner,ItheIdesignIseismicIbaseIshearIisIdeterminedIbyIVB=AhI×IW 

TheIfollowingIassumptionsIareIinvolvedIinItheIequivalentIstaticImethodIprocedure 

 

 FundamentalImodeIofIbuildingImakesItheImostIsignificantIcontributionItoItheIbaseIshear 

 TheItotalIbuildingImassIisIconsideredIagainstItheImodalImassIthatIwouldIbeIusedIinIdyna

micIprocedure.IAndIbothIofItheseIassumptionsIareIvalidIforIlowIandImediumIriseIbuildings

IwhichIareIregular 

AfterItheIbaseIshearIisIdetermined,IitIshouldIbeIdistributedIalongItheIheightIofItheIbuildingIusingItheI

followingIexpression 

TableI4.1I:IAnalysisIbyIlateralIforceImethod 

 

StoreyIno. Absolute 

displacementIof

IstoreyIDiI(m) 

DesignIinter 

storeyIdriftIDrI(

m) 

StoreyIlateralI

forceIVtotI(KN

) 

ShearIatIstore

yIPtotI(KN) 

     

1 0.003869 0.003869 1.969 179.201 

2 0.012595 0.008726 7.951 177.232 

3 0.023837 0.011242 17.83 169.281 

4 0.035892 0.012055 31.657 151.451 

5 0.047566 0.011674 49.212 119.794 

6 0.058123 0.010557 70.582 70.582 
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4.2IRESPONSEISPECTRUMIANALYSIS: 

IIIIIIIIIIIIIIIIIIInItheIfieldIofIseismicIanalysisIthisIisIoneIofItheImostIpopularImethods.ITheIdesignIsp

ectrumIdiagramIisIusedItoIperformIit.TheIresponseIspectrumImethodIusesItheIidealizationIofIaImultiIst

oreyIshearIbuildingIbyIaIbasicIassumption.ITheIassumptionIusedIisIthatItheImassIisIlumpedIatItheIroo

fIdiaphragmIlevelsIandIatItheIfloorIlevels.I TheIdiaphragmsIareIassumedIasIinfinitelyIrigidIandItheIcol

umnIaxiallyIinextensibleIbutIlaterallyIflexible.ITheIdynamicIresponseIofItheIspectrumIisIrepresentedIi

nItheIformIofIlateralIdisplacementsIofItheIlumpedImassIwithItheIdegreesIofIdynamicIfreedom(IorImod

esIofIvibrationIn)IbeingIequalItoItheInumberIofImasses.ITheIundampedIanalysisIofItheIbuildingIcanIb

eIdoneIfollowingIstandardImethodsIofImechanicsIusingIappropriateImassesIandIelasticIstiffnessIofItheI

structuralIsystem,IandItheInaturalIperiodI(T)IandImodeIshapesI(ɸ)IofItheImodesIinIvibrationIcanIbeIob

tained.ITheIdistributionIofImassIandItheIstiffnessIofItheIbuildingIdetermineItheImodeIshapes. 

IIIIIIIIIIIIIIIIIIIIIAsItheIgroundImotionIisIappliedIatItheIbaseIofItheImultiImassIsystem,ItheIdeflectedI

shapeIisIbutIaIcombinationIofIallImodeIshapes,IwhichIotherwiseIcanIbeIobtainedIbyIsuperpositionIofIt

heIvibrationsIofIeachIindividualIlumpedImass.IAImodalIanalysisIprocedureIisIutilizedIinIdeterminingIth

eIdynamicIresponseIofImulti-degree-of-

freedomIsystem.IModalIanalysisIasIsuggestedIbyIISI1893IisIdiscussedIherewith. 

IIIIIIIIIIIIIIIIIIIIIIIIIEachIindividualImodeIofIvibrationIhasIitsIuniqueIperiodIofIvibrationI(withIitsIow

nIshapeIcalledImodeIshapeIformedIbyIlocusIofIpointsIofItheIdeflectedImasses.) 

IIIIIIIIIIIIIIIIIResponseIisIobtainedIbyIusingIdifferentImodalIcombinationImethodsIsuchIasIsquare-

root-of-sum-Iof-

squaresImethod(SRSS)orItheIcompleteIquadraticImethodI(CQC)IwhichIareIusedIwhenInaturalIperiodsI

ofItheIdifferentImodesIareIwellIseparatedI(whenItheyIdifferIbyI10%IofItheIlowerIfrequencyIandItheIda

mpingIratioIdoesInotIexceedI5%.TheICQCIisIaImethodIwhichIcanIaccountIforImodalIcouplingImethod

sIsuggestedIbyIISI1893. 

TableI4.2I:IAnalysisIbyIresponseIspectrumImethod. 

 

StoreyIno. AbsoluteIdispl

acementIof 

storeyIDiI(m) 

DesignIinterIst

oreyIdriftI Dr 

(m) 

StoreyIlateralI

forceIVtotI(KN) 

ShearIatIstorey

IPtotI(KN) 

1 0.00491 0.00491 1.877 120.981 

2 0.0115 0.0066 6.112 119.104 

3 0.0161 0.0046 10.651 112.992 

4 0.0196 0.0035 17.331 102.341 

5 0.0219 0.0023 29.98 85.01 

6 0.0234 0.0015 55.03 55.03 
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ModeI3I(9.525hz) modeI4I(12.796hz) modeI5I(13.294hz) 

MPFI0 MPFI0.01 MPFI2.04 

 

 

 

TableI4.3I:BaseIshearIandImassIparticipationIfactor 

 

MODE BASEISHEAR(KN) MassIparticipationIfactor 

1 252.75 85.33 

2 27.8 8.13 

3 12.1 3.54 

4 0 0 

5 0.02 0.01 

6 5.85 2.04 
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s 

x x 

 

FigI(4.2)IgraphIofImodesIVsIbaseIshear 

 

 

Fig(4.3)IGraphIofImassIparticipationIfactor 

IIP-ΔIANALYSIS: 

IIIIIIIIIIITheIP-

ΔI effectI refersI toI theIadditionalImomentIproducedIbyI theIverticalI loadsIandI theI lateralIdefl

ectionIofItheIcolumnIorIotherIelementsIofItheIbuildingIrestingIlateralIforces. 

 

(FigI4.4)IfigureIshowingIP-ΔIeffect 

• DueItoIthisIload,ItheIcolumnIundergoesIaIrelativeIdisplacementIorIdriftIΔ.IInIthisIcaseI

P-

ΔIeffectI resultsI inIaIsecondaryImomentIMs=PΔ.IWhichIisI resistedIbyIanIadditionalI s

hear 

forceI𝑃ΔIinItheIcolumn.IThisIsecondaryImomentIMI=PΔIwillIfurtherIincreaseItheIdriftIin 

𝐿 
theIcolumnIandIconsequentlyIwillIproduceIanI incrementI ofI theIsecondaryImomentIand 

shearIforceIinItheIcolumn. 

• ToIcalculateItheIfinalIdriftIΔtxI addIadditionalIdriftIresultingIfromItheIincrementalIove

rturningImomentIi.e.IMxθx,I(MxIθxI)θx,I((MxθxI)θxI)θx

toItheIprimaryIdriftIΔxIi.e. 

• Δtx=Δx+IΔxθxI+IΔIθI2I+I.I.I.I.I. 

• WhichIisIequalItoI=IΔx(I
1II )IwhereIθx=I𝑀𝑥′I=𝑃𝑥Δ𝑥 

1−𝜃𝑥 

• Mx‟=IsecondaryImoment 
𝑀𝑥 𝑉𝑥𝐻𝑥 

 

• Px=totalIweightI(DL+LL)IatIlevelIXI&Iabove 

• Δx=IdriftIofIstoreyIX 
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• Vx=IshearIforceIofIstoreyIX 

• Hx=heightIofIstoreyIX 

• TheIcodeI(uniformIbuildingIcodeIUBCI)IstipulatesIthatItheIP-

ΔIneedInotIbeIevaluatedIwhenItheIratioIofItheIsecondaryImomentIMx‟ItoItheIprimaryI

momentIMxIatIeachIlevelIofItheIbuildingIisIlessIthanI0.1 
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TableI4.5:CorrectionIforIP-ΔIeffectI(lateralIforceImethod) 

 

Storey Absolute Design Storey ShearIat Total Storey Inter 

no: displacement inter lateral storey cumulative height: storeyIdrift 

 ofItheIstore

yIDiI(m) 

storeyIdri

ftIDr(m) 

forces Vtot(KN) gravityIlo

adIat 

storeyIPtotI(

KN) 

Hi(m) sensitivityI

coefficient:

I(θ) 

        

1 0.003869 0.003869 1.969 179.201 7344 3 0.05285 

2 0.012595 0.008726 7.951 177.232 6120 3 0.10043* 

3 0.023837 0.011242 17.83 169.281 4896 3 0.10838* 

4 0.035892 0.012055 31.657 151.451 3672 3 0.09742 

5 0.047566 0.011674 49.212 119.794 2448 3 0.07951 

6 0.058123 0.010557 70.582 70.582 1224 3 0.06102 

 

TableI4.6:ICorrectionIforIP-ΔIeffect,I(responseIspectrumIanalysis) 

 

Storey Absolute Design Storey ShearIat Total Storey Inter 

no: displacement inter lateral storey cumulative height: storeyIdrift 

 ofItheIstore

yIDiI(m) 

storeyIdr

iftIDr(m

) 

forces Vtot(KN) gravityIl

oadIatIst

oreyIPtot 

(KN) 

Hi(m) sensitivityI

coefficient:

I(θ) 

        

1 0.00491 0.00491 1.877 120.981 7344 3 0.09935 

2 0.0115 0.0066 6.112 119.104 6120 3 0.11304* 

3 0.0161 0.0046 10.651 112.992 4896 3 0.06644 

4 0.0196 0.0035 17.331 102.341 3672 3 0.04186 

5 0.0219 0.0023 29.98 85.01 2448 3 0.02207 

6 0.0234 0.0015 55.03 55.03 1224 3 0.01112 

*BeamsIinIthisIstoreyIfailedItoIsatisfyIP-ΔIeffect 

FromItheIaboveItableIchecksIareImadeIonItheIlimitationIofIP-

ΔIeffectsIwithItheIresultsIfromItheIlateralIforceImethod.ITheIvalueIofIresultantIbaseIshe

arIis:I179.201KN 

ϴI<0.1IatIstoreysI1,4,5,6.IbendingImomentIandIotherIactionIeffectsIfoundIfromItheIanal

ysisIatIstoreysI2IandI3IhaveItoIbeIincreasedIbyI1/(1-

ϴI(1.11atIstoreyI2IandI1.12IatIstoreyI3) 

TheImaximumIbendingImomentIisIatIstoreyI2I:I230.172KN

mIWithItheI1/(1-
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ϴ)Iincrease:I1.11164×230.172=255.868KNm 

BeamsIareIISMB350:IM=ZxI×Ify=877×250=219.25KNmIAndI219.25<230.172 

 

 
 

Fig(5.1)IDiagramIshowingIfailedImembers 

 

BEAMIANDICOLUMNIDESIGN 

StaadIproIisIusedIforIdesigningIallImembersIofIframeIfollowingIISI800-I2007 

 

IIIIII5.1ICONNECTIONIDESIGN 

 

IDESIGNISTRENGTH 

 

IIIIIIIIIIIIIICommonIhotIrolledIandIbuilt-

upIsteelImembersI(section:II80012B50012,ImemberI17)IusedIforIcarryingIaxialIcompression,Iusually

IfailIbyIflexuralIbuckling.ITheIbucklingIstrengthIofItheseImembersIisIaffectedIbyIresidualIstresses,Ii

nitialIbowIandIaccidentalIeccentricitiesIofIload.IToIaccountIforIallItheseIfactors,ItheIstrengthIofIme

mbersIsubjectedItoI axialIcompressionIisIdefinedIbyIbucklingIclassIa,Ib,Ic,IorIdIasIgivenITableI7. 

TheIdesignIcompressiveIstrengthIPd,IofIaImemberIisIgivenIby: 

P<PdIIIwhere

 PdI=IAeIxfC

dIwhere 

AeI=IeffectiveIsectionalIareaIasIdefinedIinI7.3.2,Iand 

fcdI=IdesignIcompressiveIstress,IobtainedIasIperI7.1.2.1. 

IIIIIIIIIIIIIIIITheI designI compressiveI stress,I fcd,I ofI axiallyI loadedI compressionI members  

IshallIbeIcalculatedIusingItheIfollowingIequation: 

fcdI=I(fyI/ymoI)/(φ+I[φ2-

λ2]0.5)=χIfy/IymoIwhere 

φ=0.5I[1I+IαI(λI–I0.2)+Iλ2I] 

λ=Inon-dimensionalIeffectiveIslendernessIratio 

=Ify/Ifcc=√(Ify(KL/r)2/∏2E) 

fccI=EulerIbucklingIstress=∏2E/(KL/r)2 

KL/rI=effectiveIslendernessIratioIorIratioIofIeffectiveIlength,IKLItoIappropriateIradiusIofIgyrat
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ion,Ir 

χI=stressIreductionIfactorI(seeITableI8)IforIdifferentIbucklingIclass,IslendernessIratioIandIyi

eldIstress 

=1/(φ+I[φ2-λ2]0.5) 

ϒIm0I=partialIsafetyIfactorIforImaterialIstrength.Iα=Imperfec

tionIfactorIfromITableI7 

ISI 800:2007I CLAUSEI 6.2I DesignI StrengthI DueI toIYieldingIofIGrossISection 

 

TheIdesignIstrengthIofImembers(sectionIISMB350,ImemberI5)IunderIaxialItension,ITd,IasIgove

rnedIbyIyieldingIofIgrossIsection,IisIgivenIby 

Tdg=IAgfyI/ϒ

moIwhere 

fy=IyieldIstressIofItheImaterial, 

Ag=IgrossIareaIofIcross-section,Iand 

ϒmoI=IpartialIsafetyIfactorIforIfailureIinItensionIbyIyieldingI(seeITableI5). 

TableI5.1:TableI ofImembersIfailedIandImodifiedIsectionsI(byIlateralIforceImeth

od) 

 

SlIno. FailedImember 

no: 

FailedIsection CriticalIcondition StaadIdesign 

section(passed) 

1 1 ISMB350 ISI6.2 ISWB500 

2 3,8,11,14,15 ISMB350 ISI6.2 ISLB550 

3 10,12,17 ISMB350 ISI7.1.2 ISWB600 

4 13 ISMB350 ISI6.2 ISHB450A 

5 4,5,6,7,9,16,18 ISMB350 ISI7.1.2 ISWB600A 

6 2 ISMB350 ISI6.2 ISHB450 

 

 

TableI5.2:TableIofImembersIfailedIandInewImodifiedIsections(byIresponseIspectrumIan

alysis) 

 

SlIno. FailedImember 

no: 

FailedIsection CriticalIcondition StaadIdesign 

section(passed) 

1 1,13 I80012B50012 ISI7.1.2 I80012B50016 

2 2,14 I80012B50012 ISI7.1.2 I0012B55012 

3 3,15 I80012B50012 ISI7.1.2 ISWB550 

4 7,8,9,40,42 ISMB350 ISI6.2 I100012B50012 

5 21 I80012B50012 ISI7.1.2 I100012B50012 

6 27 I80012B50012 ISI7.1.2 ISWB600A 

7 41 ISMB350 ISI6.2 ISMB600 

CONNECTIONIOFIBEAMITOITHEISTEEL-PLATE: 

 

ConsiderI2IangleIsectionsIofIISAI100×100×8IandI20mmIdiaIcloseItoleranceIturnedIbolts 
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√ 

 

  

n= 
6×𝑀I 

𝑚×𝑝
×𝑅 

(no.IofIboltsIrequired)I=I√IIII 6×278.682 =I7.997I≈I8Ibolts 

4×0.06×108.915 

R=boltIvalueI(area×IσtfI) 

m=I4Ilines,IM=I278.682KN,IW=120KN 

AfterIcalculationIn=I7.997I≈I8Ino.sIboltsIperIline 

 

 

 

 

 

 

FigI5.3I:IFrontIviewIofIconnectionIbetweenIplateIandIbeamIusingIangleIsections 

100×100×8 mm angle 
sections with 2 
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FigI5.4:ITopIviewIofIinteriorIjoint 

 

 

UNSTIFFENEDISEATICONNECTION: 

AssumeI2IangleIsectionsIISAI150×115×8 

 

StrengthIofIboltsIinIsingleIshearI=I 300I×I ×I(21.5)2=I108.9KN 

1000II4 

StrengthIofIboltsIinIbearingI12mmIplate=I 30

0 

1000 

×I21.5I×I12I=I77.4𝐾𝑁 

No.IofIbolts=I120I =I1.55I≈I2 

77.4 

BearingIlengthIa= 𝑅 

tw×𝜎p 

−Iℎ2 
3I=I

120×10

3 
11.8×18

7.5 

 

 
-I46.05×I√3=-25.52I(negative) 

ButIbearingIlengthIa≥ 𝑅 

2×tw×𝜎p 
=I

120×10

3 
11.8×18

7.5 

 

=I27.11mm 

√ 
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FigI5.5:IUnstiffenedIseatIconnection 

CheckIforIthickness 

MaxIbendingImomentIatIcriticalIsectionI;; 

 

RI(12+𝑎-t-r)I=120×I103(12I+I27.11I−I8I−I11)I=7.86×10⁵INImm 

2 2 

 

AtIcriticalIsection,ImomentIofIresistance=I

σ 
×𝑙×t2=I165×I250I×I𝑡

2I
=I6875It2 

 

 
bt 6 6 

EquatingIbendingImomentIandImomentIofIresistance 

 

6875t2I=I7.86×10⁵,It=I√
78.6×10

5
=I10.69mm 

6875 

 

t=10.69mmI≈I12mm 

ThereforeItakeI12mmIthickness 

i.e.I150×115×12IisIusedIforIseatIangle 

Seat angle 150×115×12 mm with 4 

20mm dia bolts in each leg 
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5.2 BASEIPLATEIDESIGN:\ 

 

ForII80012B50012Icolumn 

TheI baseI plateI hasI toI carryI additionalI stressI dueI toI bendingI momentI inI theI columnI asI i

tI isIeccentricallyIloaded.IStressIdueItoIverticalIloadI„P‟IandImomentI„M‟IatItheIextremeIfibreIi

sIgiven 

by 𝑃 

𝑏×𝑙 
±I

6𝑀 

𝑏×𝑙2 

σbsI=I185Mpa 

 

InIsingleIshearI=I𝛕tf×
I ×d2I=I 100I ×I ×I25.52I=I51.05𝐾𝑁 

4 1000 4 

ThereforeIboltIvalue=I51.05KN 

 

ForceIdueItoImoment= 𝑚𝑜𝑚𝑒𝑛𝑡 

𝑙𝑒𝑣𝑒𝑟I𝑎𝑟𝑚I𝑏𝑒𝑡w𝑒𝑒
𝑛Iƒ𝑙𝑎𝑛g𝑒𝑠

 

=I480093I=582.63KN 

824 
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AssumeI50%IofItheIaxialIloadIisItransferredIbyIdirectIbearingIandI50%IonIbothIflanges.IIfItheIendI

isIfacedIforIcompleteIbearingIonIbaseIplate. 

 

TotalIloadItransferredIthroughIoneIflangeItoIangleIsection=I1I×I1963.83+I582.63I=I1073.59KN 

2 2 

 

No.IofIbolts=I1073.59=I21.02I≈22Ibolts 

51.07 

ProvideI22IofI24mmIdiameterIboltsItoIconnectIcolumnItoItheIbaseIplateITakeI

lengthIofIbaseIplate=I824+300I=112mm,ItakeI1150mm 

Since,I𝑀I=I 480093I =244.46mmI>I1150=𝑙 

𝑃 1963.83 6 6 

ThereforeItheIstressIdiagramIwillIbe 

 

≈𝑥I=I 𝑙I−I𝑀I=I824I−I244.46 

3 2 𝑃 2 

X=502.62mm 

TheIextremeIfibreIstressIσIisInegativeIandIaIpartIofItheIbaseIplateIisIliftedIup.ITheIresultantIupwardIpre

ssureIRIshouldIbeIequalItoItheIdownwardIloadIP 

 

ThereforeIR=𝜎×𝑥×𝑏I=P 

2 

 

b=I
𝑃×2

=I
2×1963.83×1000

=I976.796I≈980mm
 

𝜎×𝑥 8×502.62 

AssumeI=I1150×980mmIbaseIplate 

 

ThicknessIofIbaseIplate: 

BendingImomentIatIsectionIZ-Z 

 

MzI=I5.33×I(151×980)×I151I+8−5.33×(151×980)×2×151I=79436403.9 

2 2 3 

EquatingIbendingImomentItoItheImomentIofIresistance 

 

(1)×980×t2×185=I79436403.9 

6 

T=I51.27mm 

ThicknessIofIbaseIplate=It-IthicknessIofIangle=I51.27I–I12=I39.27I≈40mm 

CONCLUSION 

1. InterIstoreyIdriftIwasIfoundIoutIusingIlateralIforceImethodIandIresponseIspectrumImethodIandIitIwa

sIfoundIthatItheIdisplacementsIofIresponseIspectrumImethodIwasIlessIthanIthatIofIlateralIforceImet

hod. 

2. StoreyIshearIfoundIbyIresponseIspectrumImethodIisIlessIthanIthatIfoundIbyIlateralIforceImethod. 

3. TheIdifferenceIinIresultsIofIresponseIspectrumIandIlateralIforceImethodIareIattributedItoIcertainIass

umptionsIprevalentIinItheIlateralIforceImethod.ITheyIare: 

a. TheIfundamentalImodeIofItheIbuildingImakesImostIsignificantIcontributionItoItheIbaseIshear. 

b. TheItotalIbuildingImassIisIconsideredIasIagainstItheImodalImassIthatIisIusedIinIdynamicIprocedure.

IBothItheIassumptionsIareIvalidIforIlowIandImediumIriseIbuildingsIwhichIareIregular. 

4. AsIobservedIinItheIaboveIresultsItheIvaluesIobtainedIbyIfollowingIdynamicIanalysisIareIsmallerItha
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nIthoseIofIlateralIforceImethod.IThisIisIsoIbecauseItheIfirstImodeIperiodIbyIdynamicIanalysisIisI0.6

2803IisIgreaterIthanItheIestimatedI0.33IsIofIlateralIforceImethod. 

5. TheI analysisI alsoI showsI thatI theI firstI modalI massI isI 85.33%I ofI totalI seismicI mass.I TheIseco

ndImodalImassIisI8.13%IofItheItotalIseismicImassImIandItheItimeIperiodIisI0.19s. 

6. InItheIpostIdesignIanalysisItheIinterIstoreyIdriftIandIbaseIshearIbothIhaveIdecreasedIsignificantlyIo

wingItoIheavierImemberIsectionsIleadingItoIsafeIdesign.IForIexampleItheIinitiallyIusedIsectionsI(Ie

g:-ISMBI350)IhaveIfailedIandIStaadIProIhasIredesignedIandIadoptedIhigherIsection(eg:-

ISWBI600IA) 

7. TheIsteelItakeIoffIorItheIcostIofIsteelIusedI(whichIisIdirectlyIproportionalItoItheIamountIofIsteelIus

ed)isIlessIinIlateralIforceImethodIasIcomparedItoItheIresponseIspectrumImethod.IThisIisIsoIbecause

ItheIresponseIspectrumImethod,IbeingIdynamicIinInature,IisIaImoreIaccurateImethodItakingIintoIac

countImanyImoreIparametersIlikeImodeIshape,ImassIparticipationIfactorsItoIcalculateItheIseismicIvi

brationIresults.IResponseIspectrumImethodIisImoreIrealisticImethodIofIanalysisIandIdesignIofIsteelI

buildingIframeIandIfromItheIpresentIworkIitIisIfoundIthatIlateralIforceImethodIleadsItoImoreIcostIe

ffectiveIofIseismicIdesignIofIsteelIframe. 

8. TheIamountIofIsteelIrequiredIforIseismicIdesignIbyIusingIlateralIforceImethodIisIfoundItoIbeI19.73

%IlessIthanIthatIbyIusingIresponseIspectrumIanalysis 

9. BecauseIofItheIheavierIsectionsIusedIinIresponseIspectrumImethodItheIabsoluteIdisplacement,Istorey

IdriftIareIlessIthanIlateralIforceImethod 

10. ItIisIfoundIthatItheIinterIstoreyIdriftIsensitivityIcoefficientIθIdoesInotIdifferImuchIinIbothItheImeth

odsIofIanalysis 

11. TheIvaluesIofIresultantIbaseIshearIinIlateralIforceImethodIisI49.33I%ImoreIthanIthatIofIresponseIsp

ectrumImethod 

 

REFERENCEI 

 SubramanianIN.,IDesignIofIsteelIstructures,IOxfordIUniversityIPress,7thIedition,2011,173-I209 

 NegiILS,DesignIofISteelIStructures,ITataIMc-

GrawIHillIPublishingICompanyILimited,,2ndIedition,1997, 

 AgarwalI PankajI andI ShrikhandeI Manish,I EarthquakeI ResistantI DesignI ofI Structures,IPrenti

ceIHallIofIIndiaILimited,IJulyI2006,I251-336. 

 DesignIExampleIbyIArcelor-Mittal.(www.arcelor-mittal.org) 

 ISI800:2007,IThirdIRevision,IGeneralIConstructionIinISteelI–CodeIofIPractice. 

 ISI 1893:2002,I FifthI Revision,I CriteriaI ForI EarthquakeI ResistantI DesignI ofI Structures,IPartI1

IGeneralIProvisionsIandIBuildings. 

 

http://www.ijcrt.org/

