Design ofOne-Story Hollow Structural Section (HSS) Columns Subjected to

Large Seismic Drift

Hye-eun Kong

Thesis submitted to the faculty of the Virginia Polytechnic Institute and State University in
partial fulfillment of therequirements for the degree of

Master of Science
In

Civil Engineering

Matthew R. Eatherton
loannis Koutromanos

Rodrigo Sarlo

August13, 2019
Blacksburg, VA

Keywords:Hollow Structural Sction Tube ColumnsLateral Seismic Drift

Diaphragm DeflectionColumn Design Method€ombined Loading

Copyright © 209, Hyeeun Kong
ALL RIGHTS RESERVED



Design of OneStory Hollow Structural Section (HSS) Columns Subjected to

Large Seismic Drift

Hye-eun Kong

ACADEMI C ABSTRACT

During an earthgqusatker,y cmodiulmhisng nmuastonssuppor

while undergoing | arge | ateral drifts associ .

r
g
b
b
S
F
a
t

—_ [—

O T O o 9

esisting system and defl e Atnipdn s1goft hteh é efhlaex io
ravity columns is complex since not only is
endbwmtg al so the boundary condi tlinontshsasraetdreot
ehavisoteobfumns stprkeo | how structur al sections

tabil inege ube nigent amdtircodle:si gn, pl astic .hinge

irst, forthel asemprcedssognand ef dHsShSaamnreel csatl rceun gatt
ccording stpecti e caitd ©tnhe st or yt e iifnt erad dtoi drh
o0 be fvarolwareydi ng axi al fodheea,dngrharnd=di deesx gmi
prop;osteldi s pr o@e dnorde fiireadl udhéser acti on equatio
esign basedPio/mMa dp aar asmed t eafr, ed epstiogvn Sdeepda a 6l 51 C

i nge igeviugaded i hhaheacseshabpte thdemlsa me ¢o migien
esi she gravity | oad twhi IBea sierdd eorng ets lhegrddhvata lgkea bd
nal yti cal results ,fhnmemsf ibmi tteh ee lwd md rhta it o dtehli s
evelfoopredst eel squalraestHSYS dolrsmpgsh,ee d ebaaséi dg
ol umn base connectionUsishE cnmoedtealtiiicsa,l sl hyo widne stchr
ossible to create rotational stiffness bel ow

ol umn Abtdldee.si gn mdéemodst aateesd gwi.telxk aamp | e



GENERAL AUDI ENKACRABS

Onestory saucchedi aff t he noeyetf esdODmamilaaé&dsor i ndu
commerci al , or Duecngatnomreal t b geatker,y clod iulmdhisn g
support wvertical gravity diosaplsa cwehme net su, n dreerfgeori
dr.i Vertical | oads cause compredgdluerdi f@r me e nt

Thewteraction between these 1faolickes bratkkaewi ort onf

gravity. coMaomaestvheeol ummnnbase i s not perfectly
manbyoundary conditions applicabfliexittoy tdrmnrciotl iuo
t hese ,rreasdeassi gn for columns subjected to | ate
forlcaes dgereonwi ng i nteretsthe offi gled.ear dHloevresy eirn  mar
focused modangr(wrdptePel umns 0atuhbeer stehcan on co
knowsa holl ow strustaehumeasection (HSS)

I n this research, thkeedbdeibéaw monsv eosét isgtaeteeld sfqour:
using three desiiggn meglhagdtsi:c elHiarsge cd asisgn, an
for elastic design, the compression and fl ex

accor ciumg etnd codeaeandguati esno®ry drift that caus
demas i s examined. Then, a simpllddsregln delsamgt
Second, a plastic hinge deingmoild egr yurdad nign
basmakes the column continue etraggorieagi dtartglee dgri d
on the avail abl e tceosnmip udaatbad edhmsd erté s umli tt $ fomorm h
thickness ratios oLashéyt ubes acroenncdeeo isbshasipbeidregs
a col umn bawiet ot omenglcitgiomml esbentdemgtreddibyqades
a computational model, it is shown that the <c

to all owArlbttalhe ohesdgmomet hattedawe.th a design



ACKNOWLEDGEMENTS

This work was part of the Steel Di aphragm |
Al S1, Al SC, SDI , SJI, an&#FoMBMA &Snedel sRpaednar of
(CFSRAO)h.e author acknoweéadgls CaAmpaniced ®&es Vir
providing computational resources and techni

reportedtWwieshisnpRiptes: / / www. arc. vt.edu

I woul d | inkye dteoe peexspir egsrsa tDirt. u dvea tttdh erwy Ra d \Eiast dhre
invaluabl e guidance throughout my research.
be an academic researcher. | t | maatdgadgrage hon
I woul d dalhaonki.tlokkoutor omanosbaing Da . p&ratr |l of my
me mbangi ving me feedbacksl|l rebatdd|l itbkethosexesl
towdrd Benjamin W Schaffenohor his expertise

Last but |l nwobul @ asadé smwr elsisk dsaphenp alf ami |y f or
uncondliavenahd suplpiof ¢ dulctdadlihgm . myor Kk woul d not

possible without their continuous encour ageme


http://www.arc.vt.edu/

TABLE CONTENTS

ACADEMI C AB ST . RACT e e i
GENERAL AUDI ENCE . ABS T RACT e, L
ACKNOWL EDGE MEN.T.S e rrer e e e v
TABLE OF CONTENIT. S e Vv
LI ST OF FL.GURE.S e Vil
LT ST OF T A B L E S e X0 i
LI ST OF VAR ABLE. S e X1 0 i
10 NTRODUG CT L QN eme e 1
1 T o o T P o 1 U 5 o o U POPPPRRN 1
1. 2Research Mot V@l Q. e 2
1. 3Qbjtedceve and Sco.pe..of...Res.ear.ch............ 3
1. 4Thesi s Or.g.ani.zal. . 0. ... 4
2. LI TERATURE RENMLI.EMW. e 6
2. 1Story Dr-5fosyi BuDhdi.ng.So ... 6
2. 2Dbesigning for Di.aphr.agm.Def.l.ect.i.o.nw
2.3&valuating Fi x..t.y...at...Cal.umn.. Bas.e...9
2.4 astic De8iage Colit.ulnse.d....... 10
2.5Pl astic HingeBdesi @gml.dmnms. Ei.x.ed...... 12
2.5. 1. W-ShaP.. . e a e 12
2.5.2. TUDE....ceee e 13
2.5.3. Slenderness Liihfor Stable Plastic Hinge Formation in-Bhape............. 14
2.5.4. Literature that may support Slenderness Limit for Tube........................ 16
S ELASTI C DES.L.GN e nnee e 18
3.1Evaluation of..Col.umn..St.ab.i.l. . t.Y..... 18
3.1.1. Axial Compression SIreNgtRh..........evveiiiiiiiiiiiiii e 18
3.1.2  Flexural Strengthiyn........coooeeeiiiiiiiieeeieeee e e 20
3.1.3 Axial-Bending INteraction...........ccccceeeeiiiiiiieaciiieeeeeee e 21

3. 2Parameters to Vary and .Al.t.ernati.v2ll nter



3. 3Froposed Des.i.gn. .. . RPr.oceduUurl. ... 23

3.3.1. Example Plots for Six Representative Hollow Square Sections............ 23
3.3.2. Key Design Parameten) EF0 £ ......ccoceeveveeveeeeeeee e 25
3.3.3 Developed a Simple Design ProCedure..............uuveiiiiiccmeeeeevvneiiiiineenn 25
4 PLASTI C DES.L.GN. e eeee e emmme e 29

4. IProposed HSS Slenderness..Limi.t..Baz%®d on

4. 2Finite EIl ement..Model.i.ng. ... 31
4.2.1. Model Validation.......cccooiiieiieieiiieeiieeee e 31
4.2.2. Loading SChemMES.....cccooiiii i 34
4.2.3  Mateial Validation............coooiiiiiiiiiiiieeee e 35
4.2.4  MeSh SENSItIVILY......ccceee e 37
4.2.5 Validation RESUILS..........uuuiiiiiiiiiiiiiieeeiiiiiii ittt e e e e e e e e e e e e e e 39

4. 3P aramet rd.Co .St .0 Yo 4 4
4.3.1. Numeical ModeliNg.............uuiiiiiiiii i eerveeens e A
4.3.2. Multivariate Regression ANalySiS..........oooiiiiiiiiiiimmmn e 63
4.3.3 Critical Axial Load Ratio (CALRY)........coooiiiiiiiiiieeee e 72

4. 4 Developed Highly Ductil e..Sl.endei@dess Li
4.4.1 Comparison of Highly Ductile Slenderness Limits...............ccccccvveeerennnnnn 74
4.4.2 Evaluation of Regression EQUAtIQNS.........ccoviiiiiiiiiieeeiiieeeeeeeeee e 75

5 P1I NNBBSE DESL.GNuie e 77
6 DESIT GN EXAMP.LLE. .. e 80

6. IPrototype..Bui.l.ding. ... 80

6. 2Dr iCfatl € U l.a b i D 83

6. 3Required Axial St.ur.engt.h..Cal.cul.atl.i.®®

6. 4Desi gn Met hod .1.....El.as.t.l.c..Des.i.g0...386

6. 5Design Met hod 2: ..Rl.as.t..c..Hi.nge..De&7 gn

6. 6Desi gn Met hod 3:..Ri.nned..Bas.e..Des.lil&h

L 4 N T T o T = O o 0 o RS RRRPPPP 8 8

7T CONCL US T . ON.S it rmee et aeme e e e 89

7.1 El asti c..Des..gn..Met.hod. ... 89

Vi



7.2 Plastic Hi.ng.e..Des..gn..Met.hod....... 90

7.3 Phoasne dDesi.g.n..Me.t.h.od....... 91
7. 4 Recoomnse nfdoart i E.U.L.U.L..... WA L. Ko 91
R E F E R E NG . S e e e e e, 94

APPENDI X A.-DrMofntenRot ati on Cur ves..f.or..P&r amet
APPENDI X B. Axi al-DShbrte&pitagi ®atiCarves for

APPENDI X Car iMutlet iRegr e.s.s.i.o.n..Res.ul.t.s...148



LI'ST OF FI GURES

Figur.e Tlypi cal col.umn..has.e...c.o.nd.i.t..on.....1
Figuz.e Mypical col umn..det.ai.l..ng..and..f.l.x2ty
Figur.e Rypstakyoseéeeel. .. .bui.l.di.ng. .. 6

Figuz.e Rrifts al omg..t.he..d.i.a.p.hr.agm.s.p.a.... 6
Figu3.e QI assi fi cradti aotni od....rmoIEOL.S.E....coorvvinnnnnnnd 9
Figure Betermination of ..ax.i.al..caoampr.es.s.il®dn str e
Figuz.e Beterminati on..af..f.l.exur.al..st.r.end@tOh
Figu3.e I3deal i zed col umn ..bh.oundar.l.es..and.222t ory ¢
Figud.e Bvaluating maxi mum all owabl e | at2elr al dr
Figui.e Bhe plots of HSSO0E@Itumn..beh.awv.i.orR26based
Figugd.e Bhe design chadr.t.s..of...HSS. .. col.umns8
Figur.e @ompari son o.f...s.l.e.nde.r.nes.s..li.mi.t.31
Figuz.e Hinite el ement model..showi.ng..boBBdary ¢
Figu3.e Brift | oading protocols; (.a)..Ex.Beri ment
Figud.e Bhe | ateral displacement...af...eaciB85specir
Fi g#45.e Thetgtarienssg el ati onship of the 0..36 bil.
Figugd.e @ompari sromnt ateilmo memtshi ps depending on t
i n the mastterraian csu2rdeeslist op.e.d.ihmeab.....oooooeeeeeeenn. 36
Figurt.e Mhe effect of -metsat isorz ebema®ihea-htb@En)tS a
......................................................................................................................................... 37

Fgur-2. 4Compari son of th220ks.h..sens.i.t.i.v8Bess f ¢
Figu¥.e Malidation r es.ul.t.s..f.or...s.l.X...s.p.e.c.idm@ens

Fi gulr®. 4Progressi ve bax®k3 isipe.chiemearv.i..o.r.s..4f3o0r S
Figulrle. 4Sel ect ed s.ec.t.i.o.n..p.ar.ame.t.er.S..... 47
Figurz. 4Boundary condi ti.ons...and..mes.h..ardr7angeme
Figur3®. 4Cyclic | oading sequ.e.n.c.e..wi.t.h..l.a&t8er al C
Fi gur4e. 4Pr ocedur e oft dreefd uncitnigo.nl.0c%..inaemeirdml
FiguflB. 410% moment reducti®awichiteni ®5Mmek0f tl
B O PSR 52
Figure. 4Procedure of definiung..0..25.7%...ax.i58l shor

Vi



Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi

Q Q© © © Q @ Q© « «

ulr k.
ulr &.
ulr &.
ua .
uZ le.
ua 2.

40. 25% axi al...s.houtr.t.e.ni.ng..c.r.i.t.e.r.i.®d 3

4dEdmpglhe dri ft capaci.ty..f.r.om..el.84tic d
ATypes of failure modes.... ¢..a..)......L.a.c5abl buc
4Pl ot s of | ocal sl ender nes.s..r.at.isat ( b/t
4Pl ot s of gl obal sl ender.nes.s..r.athido ver

4P| ot s of axi al | oad..r.at..ao..v.er.s.b6d obse

Uz . t4P 1 of combination of sl ender.nes.sbbrati o

uz 2.
Uz B.

4Scatter plotsvefsubBetmeapueddci7r@sipors

4Scatter plots of the measur ederleslpons

.......................................................................................................................................... 71

Fi
Fi
Fi
Fi

Q Q@ «Q «

uZ @.
ua k.
ua &.
ua ®e.

4CALR-16f) Bq@d (e&kpected CALR -T.0r..28I1 umns
4CALR-10f) B@md (e&kpected CALR -T.0.r...28I1 umns
4Comparison of slendegrnklssi j=i8an.d75L /wrh e n
4P|l ot of developed highly duéiciollas mnl en

.......................................................................................................................................... 76

Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi

Q Q ©Q @ ©Q @ © @ @ © @ © Q@ « @ «

u3 k.
Ul .
ua .
u3 .
Ul .
uz .e
U3 o

u4 .e

® @®© @D @

ul e
uz .e
u-1 e
u-2 e
u-8 e
u-éd e
u-5e

u-6 e

4Dri ft capacity determined Bac otlvddinf ai |
Bossi ble det.ai.l.i.ng. .. f.or. .. .pi.nned. .. b&se

Bef or med atthiarc hleadsadl dp |dHGT|aBAEXtt8i xo n.....c..d 18 u mn
Mormetndat i on ¢ wd Ve $H/8sB48cxtBiXd n.....c..a.l..u.mn.3 9

Bl an view of .t.he..pr.ot.ot.y.p.e..b.ui.l.®Bi0Ong

Bi aphragm shear di st.r.i.but.i.on..i.n.8rkort h/
r6t h/ sout h na..l.l.ng..z.aone..l.ay.uWt..... 8 3
Mormetnat i on cu¥s8ef of c.olB.EBR.8. Xooernnene..... 88

Axial shortening..v.er.s.us..dr.i.f.t..r.d@t2Zati on
Mormetnat i on curve Yool wbdfe wwoadH5. .FHBESES 4 X 4 X

L

r

§

(

L

C

-

Momethdat i on curve for 1.0f.t..l.0ng..88S4x4x:

Mometnat i on curve el Liamt...l.0ng..d99S4x4x
Mometndat i on curve #Hemol a6mt... .l .00n.g..1HBE 4 x 4 X
Mometnatuiroore f or 10%c¢oll wmmg...HS.S4.x.45 1

Mometnat i on curve ftheo!l Liamt...l.0n0ng..IHBSXS 4 x 4 X
Mometnat i on curve ftheo!l 20ht...l.0n0ng..MHBXS 4 x 4 X



Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi

Q Q © @@ ©Q @ Q © Q©Q @ Q@ © Q@ © @ © Q©Q © Q@ @ @ @ @ @ @ @ © @ « «a «

u-1 e .
u-1 é& .

u-1 e

> >» >» >» >» >» >» >» > > > > > >

>

Mometndat i on curve fszmol L@nfmt...l.0.0n.g.. MHB4S 6 x 6 X

Mometndat i on curve fsecol LEnMmt...l.00n.g..MHB56 x 6 X
Mometna tvieo nf ccrur2 0 f t%scl ool nugmnH.S.S.6.%..6.x.1 0 6
. AMomenmtt i on curve ecol Loht...l.ong.183S8x 8X
Mo meératt i on curve fseol Limt...l.0n.g.188S8x 8x
Mo meératt i on curve fseol 26ht...l.00ng.189S8x8x
Mo meémtt i on curve Psemol LMmht..l.ong. l1HHS8X8x
Mo meémtt i on curve Pseol LAant..l.0ong. 1H3S8 X8 X
Mo meératt i on curve fseol 26ht....J.ong. 1H8S8x8x
Mo meé mtt i on curve f 8ol @fmn..l.o.ng. lLHSS10x1
Mo meé ratt i on curve f &rcol dfmn..l.ong. lH8S10x1
Mo memttdwr ve for 20/ctolluonng..HS.S.1101x51 0 x
Mo meé mtt i on curve f i o0l @fmmn....l..o.n.g. LHSES12x1
Mo meé mtt i on curve f i ol mfmn..l.ong lHIS12x1
Mo meé ratt i on curve f drcol @imn..l.ong. lH8S12x1
Mo meé ratt i on curve f &rcol@imn..l.ong. lHSS12x1
Mo meératt i on curve f drcol dfmn..l.onglB8S12x1
Mo meémttcdwr ve f or 2 C/ctolluomng... . HS.S.1122x11 2 x
Mo meé ratt i on curve ol LEmt....l.0ong.188S6Xx 6 X
Bxial-rshatteninongrve #ecmol LMmht...|.dRgd HSS4
Bxial-rshatteninongrve #secmol LEht...|l.dRgp HSS4
Bxialrshatteninongrve #@ol 2a.mht..l.odR¢g HSS4
Bxial-rehatteniogrve for 1.0f.t..1l.cddmg HSS4
Bxial-rshatteninongrve #tamol LEaht...|l.adRg7 HSS 4
Bxial-rshatteninongrve fthamol 2.0mht...J.adRge HSS4
Bxial-rshatteninongrve ¥Ps@mol Lmht..l.ddn2g® HSS6
Bxial-rshatteninongrve ¥Ps@mol LBaht.. .l.dlMlg HSS6
Bxial-rshatteningrve el 2Mmht..Jl.admgl HSS6

BAXi alr osthaotritoenn i tnagn g e H¥&:& B k B.@nf.t.......... 132
BAXi alr osthaotritoennicnugr ve g ! LSht.. ... D8B8§ HSSE

. BAXxi alr osthaotritoennicnugr ve g | 2.nht.. .. D34 HSSE



Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi

u-1 8 .
u-1 é .
u-1 & .
u-n é .
u-1 & .
u-1 8 .
u-1 8 .
u-2 @ .
u-2 & .
u-2 e .
u-2 8 .
u-2 é .
u-2 & .

u-n e
u-2 e
u-8e
u-é4 e
u-5e

u-6 e

BAX i alr osthaotritoenn icnugr
BAX i alr osthaotritoenn i cnugr
BAXx i alr osthaotritoenn icnugr
BAXx i alr osthaotritoenn icnugr
BAxsihaor béathgn cur
BAX i alr osthaotritoenn i cnugr
BAXx i alr osthaotritoenn icnugr
BAXx i alr osthaotritoenn icnugr
BAX i alr osthaotritoenn icnugr
BAX i alr osthaotritoenn i cnugr
IBAIX s hmoot &@mii g cur
BAXx i alr osthaotritoenn i cnugr
BAX i alr osthaotritoenn icnugr
SGcatter plots of t
SGcatter plots of t
SGcatter plots of t
SGcatter plots of t
SGcatter plots of t
Scatter ploespohse

< < < < < < < < < < < < K<

®© ® ®o ® ® ® d® d Dd® D @D

e2 xf18%2rx o0 2 @.fmm.....L
e ol LUiht....l.D4a T

he meas
he meas
he meas
he meas
he meas

heemeas

u.r.e.d..rledsBpons
u.r.e.d..rled9p ons
u.r.e.d..rleésdpons
u.r.e.d..rleéslpons
u.r.e.d..rleé2pons
ke.@..plr5e3di ct

ult..

flsco | L.Mit... ) .D83H
flsc o | L.faf.t.... L.D83 @G
fsero | 2.0it.. . L.D3TH
f &c 01 @.fmm....L
f &c 01 B.fmm....L
1f Obrc 0 2 @.fmm.... L
f Ysic 01 @.fmm....L
f Ysic 01 Bfmm....L
f Hsic 02 @.fmm....l
f ¥ic 01 @.fmmn....L
f ¥ic o1 B.fmm....L

HS S €
HS S €
HSSE
HSS1
HS S 1
HS S 1
HSS1
HSS1
HS S 1
HS S 1
HSS1
HSS1
HS S ¢

e
e
e
e
e
e



Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tad
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab
Tab

e
l2e
I3e
Fle
I2e
I3e
e
I5e
l6e
74,
I8e
9e
F1ed
Flel
e
FleD i
I2eD i
- E.
- 2.
-2.
- & .
- % .
- & .
l-2&.
- & .
- % .
l-E20
-e1
-2

LI'ST OF TABLES

Xal cul atkloaan pd Nedn.gamdn.e.s.s..L.i.mi.t.&9
HSection Properties..f.or..t.he..6..Sqguxa3e HSS
dalues forédttierPaAt AmSgear.e..HSS..S2%Ttions
Properties of Square Tube..Specimdhs (Ku
Applied Couns.t.ant.. . Ax.i.al..Load. ... 34
4Compari sopgpdsato ft hVvea xMawR eNfaMM/LM s t....CF & | e s
LComparison phfet Maxinmioml MhM.. EXx.p.e.r.ldnient

Ao mp alraits d h eo fMa xbientuwme e/ MFE a.nd...Exp&r i men
LComparison of Strengt.h..Degr.adatidh for
A Test Matri x..f.or....Rar.amet.r.i.c..St.udg
Lyclic Loading Seque.n.c.e..wi.t.h..Lat4ed al Di
SSummary of Drifts Reached ..has.ed.. D& Two

.4 12 Reeqouraetsisoinosn t hadt...wi.l.l...be..An.al.y8Be d
.4 12 Fitted Regr es.s.i.an..Eguat.i.ons.eahd Res
.4 Evaluation of the ReWwSess$sion..EQu@mhens

Gaphragm Na..l.ing..Sc.hedul.e............... 8 3
Gaphragm She.ar..Def.or.ma.t.i.on. .. ... 8 4
CCoefficient AJadluyessi sa nRle sSu.latt.si..sft.a.rt 4o d e |
CCoefficient Values and St.at.i.s.t.i.t48 Anal
CCoefficient Values and St.at.i.s.t.i.t49® Anal
CCoefficient Values and St.at.i.s.t.i.t49® Anal
CCoefficient Values and St.at.i.s.t.i.tBd0 Anal
CCoef fi ciSamtt i \batliuceasl aAmda | y.s.i.s...Re.slusl0t s f o
CCoefficient Values and St.at.i.s.t.i.t@l Anal
CCoefficient Values and St.at.i.s.t.i.t@l Anal
CCoefficient Values and St.at.i.s.t.i.t@? Anal

C Coefficient Val ues and St.at.i.s.t.1852l An a
C Coefficbteati ¥al oabk Andl y.s.i.s...RedbBts fo
C Coefficient Val ues and St.at.i.s.t.163al An a



LI' ST OF VARI ABLES

Sy mb Definition

A Cross sectional area

Achorda Chord area

Ag Grosssecbsenal area

B/ t Wi dtthi ckneswiBe mdoitisewd & t h

Cq Defl ection amplification factor
Ci.diaDefl ection amplification factor

Cmx Moment magni fi-diateoni émactor in x
Cmy Moment magnifi-diateoni éactor in vy

Cs Seismic response coefficient

Co Axi al | oad ratiR/, @Mwvhich is defined
E Youngds modul us

El FIl exural stiffness of the col umn sce
F Lateral force i mposed to the referce
Fa ShoePretri od Sited€vefyncnedt by ASBLCEe71
Fv LorPgeri od Sited€éovefycinedt by ASCEe 71
Fva Lateral force near the top of wall ¢
Fv2 Lateral forces due t owddshte wvseaelilssmi ¢ v
Ga Diaphragmii $ iemagbdsai ned-2046mT&EDPWS4. 2
H Height of the column to the point
le | mpor t antcaek e&m cftroagdm iTra bALCH . B

K Effective |l ength factor

Ks Rotational sti ff nesstsi,f fmmeeasssureaetd saesr u
L Col umn height

Lc Unbraced column | ength

LAir Gl obal column sl enderness ratio

Lai a Di aphragm span

My Required fl exural strength

Mx Required fl exur aaxisst r(esntgrtohn ga baoxuits )t t
Mn Nomi nal strexgt &l

Mn x Nomi nal resi sabouogeaihe mpment s



Mo ment
Pl astic

applied
nomi nal
Mo ment

Pl astic
Pl astic
Require

resisting-axapadisttiresrgal@axuts)t

moment -zxaipacistyr ambguadxi e
bendi ng-amdment s about the
fegsnosneaan seaaxd sut t he vy

resi sting-axapadiwteiaks axb syt

moment, Rhich is calcul at
moment -zxaipaciwgalkbaxits) he
d flexur al strength

Appl i edmbmedt s gadwiug t he vy

Require

d f |l exur aaxisst r(ewegatkh aaxbiosu)t

Required compressive axial streng
Compressive force applied to the
Applied constant axi alP=tF@Ar ce, whi
Critical buckl-axigs | (oatdr arbg ud x it h)e
Critical buckl-axmigs | owmaelala baxwits )t he
Nomi nal resistance of axial | oad
Nomi nal compressive strength
Compressive yield strength
Applied axial | oad

Requaxedl compression strength
Compressive yield strength

Axi al |l oad ratio

Respons
Coeffic
Respons
Bending

e modification coefficient
ient of determinati on
e modi fication factor
strength reduction factor

Di aphragponse modi fication factor

Rati o o
El astic
Desi gn,
Desi gn,

f the expected yield s&res
section modulus about the
5% damped, spectral respo
5% damped, spectral respo

Ef fective section modul us

Mapped
peri ods

MCER, 5% damped, spectral

>
>

t
ec

)

t
t
mi
ct
X

y

S

-,

c
ns
ns



= w0
Q@
e]
=

(®)]
AR
l

© oo o NZgSs<

o

p—

—_
x

@8?8'80C(C(8~8“_<_§:r.-p:

8 8
] (]
- -
- -
- N

(@)

~
~—+

Mapped MCER, 5% damapedel spatctoml parr
Fundament al period of diaphr agms
Seismic base shear

Di aphragm depth

Effective seismic weight

Pl astic section modulus about the
Wi dt h, tvwddi edr idi swahsel bessweba insic
Width of compression flange

[a)}

Wi dtthhi ckness ratios, | ocal sl endern
Unit conversion factor

Constants to be determined from mul
Depth ekctross

Depth of web

Depth, twhd ehri di stance between f 1l at

each side

Radius of g®kasion about x

Radius of gw®kasion about vy

Design wall thickness whiec moinmg nmdu ¢

Thickness of the fl ange

Thickness of the web

Response

Predicted response

Averaged response

Axi al |l oad ratio

Constant varying depending on the ¢
Story drift ratio

Tot al story drift

Deformation of the vertical system
Chord slip at each connection
Deformation of the diaphragm
Lateral displacement at the top of
i Vertical displacement measured at t
Maxi mum inelastic response displ ace

Di fference between the observed rec

XV



.fla

. web

L L L

f L al

. web

©w 9 9 @

b

= == Oy

c
Jodi ap
d
daxial
dc
Ome asu

dmo me n
do

dpredi

a

Co
Li
Li
Li
We
t h
Li
Li
Li
Di
To
di
St
Re
Re
Ov
Dr
Re

Dr i

Re

Re
P
Re

D a
ob
Da

i n

nstant varying depending on the ¢
mits of web and flange S8l6®6deEalnlc
miting slenderness for a compact
miting slenderness for a compact
b and flange slenderness, for cor
atthe criteria to determine whett
mits of web and flange sl|l-#6déalnlkc
miting slenderness for a noncompsz:
miting slenderness for a noncompsze
stributed | ateral di aphragm | oadi
t al seismic force on the diaphra
stributed along the diaphragm | er
remgdithct i on factor

sistance factor for flexure
sistance factor for compression
erstrength factor

i ft capacity

sponses are observed by the O0.25¢
i ft r ot atailocnu,lgdg heidc ha si s

sponse measured from FE model s
sponses are observed by the 10% r
astic rotation capacity

sponse predicted by regression mc
ta exclredggeck sfsimom anal ysis becaus
served dat a

ta included in regression analys
stead of plastic deformati on



1. I NTRODUOTN

11. Background

Onetory steel buildings are one of the most
comme,oci alecreati onailstwgeg. st dAelt,gfprc®ede d omeifilbd ign

stgcemssi s-up obntréete walls witdwebubtetestegbisbd

roof . t Bd manemnft s ar e i nt emnheaadtehaernes esmbat eabkr ¢
force resisting system gLEBERBRat er alt I|icd deixnpge cet ve
wi saddarart hquake, components of the LFRS inten
Howevéer,is | ess clear whethenldgsrgoedr albb ¢ emsp ¢

l oads wilgesahderhdamaause safety and stabili:
Gravity columns may be susceptible to fail
di aphragm is allowed to become inelastic (Il ea

columns areatfiingedeCond or dean arnormediteisgn cofl Au ninys

shown i nl,Fiagnudr eonle possible detailing.of These
fixity at the column base i s geneercaliloynsnot Th
wh etnhceol umn i s subj thstoende whoatr ofdfe xd rbil fet ,base co
effective | ength of the column and increases t

| oadi ng icnoenlta sntuiecs ,emuornveanttu ries altawbaess h evebasal |

the column strength.

S

Fi gttt e Tyqi wballscendi ti on
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Figk2Bypical column detailing and f i x

1.2. ResedMmodech nati o

For the design of col(smob d8bwheielte ds upop drattiernr
compressive forces, the desbghmhhstnoottyh eggrreiaftieesr nt
the all owable drift -l mMECE, . aRosgegut oreyd dryi ASE
di aphragm idef ¢ hma ttiydprer yof b woinledi ng di scussed i
Speci fiaphrpapgmad deseghedcoties car e expected t
def or malthe nismportance of consiidrertiimg gi aphtwng
design | usbhtyt aeed 994 cwlelcaapsdse cofncaete parking
Northridgemamaiyt apeake i nel adteiadiitnyg it telke edis;:
dr i(fHtad | et Adld.i,t i3 didywa |l exabl e di aphradgm ( RW
cause | ar ggamndde fdohampshtriagmc d h ekebdé € Diyve st ory
domi nate the gl ectsechaanbhah aalhersal ®@8hative d
design pASCEM@x | i citly accounts forRfiaaplragr
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There are some caltoulyatdivmerrf eme b fttheesy e d on
defl ection of vert,buokobtaskdmm®mnad srmat i diifesp hdrfraRESh. e
Grantiest chall enging to accurately <calcul ate e
calcul ate i nel asti c ycdataipdhtr arpast tdeerfnl aetcitvi eo ndsi adpoh ri
develtmpad counrtagino re fdfieacpt does n oitn e lad satqilha raigfmy
def | d-tEIMAn . 2O EHE i al Design Pr3®eiignitdC, f @10 1 ®i) n
and Diaphr agm Detsti rgelr Isle gauGltS5)ons t o diomplht @g inh
defl ectwihompplairoenaltby ewood panel i amhs asgmepedticke
Unfortuhatel ys no method cumrdémtsity cavdaialpdablag m

whiméeheds to be refl etthbeudi lidni ntgh ec ondeews .edi t i on of

1.3. Objective and Scope of Research

The primaryspuepeseshofreht o examine the belt
(HSS) steel columns subjected to the combined
with story drifts, to develop vari outso dwesriigfny
the suggested deadliegn gmetelxadnp |l tehr ough

This research focuses onstbheedesdgnhooédx H&IS £
with bending moments cdhisedr &yiesvea sstmwicd tiset otrhye
oo columns for a rangenefarmsftomrmatdiranfg soft htahe m
force resiostidnaphiyatgehmdiefnor mat Ramddh qumkehese
drifts and gravity |l oads, the column st:abil it
the design of the columns toebaeamainaedashiec de
pinned column base.

For t het ticeossliugmmn so ft o ¢ @ Imamimtshe laa sftuilalr,ye fais)saidne
to show elastic behavior under 6 0 mp idneésdiegénx i a
met hod for HSS columns wi l |l bre & ognu atoidouncse.d u g ih
par ametl édr bteh a&te tichadnccthi avrealcyt er i z e tshtee éblelhm&vs .or o

design ptbheadbéuaedithe§sngbt nondi mensi onal par am



For thefpasitgelta,déheg maiumpa i on i s that a stat
form at the base of the column so that the co
undergoidig olt at g®insnderAogsasawi lolmi be bdaesveedl oopne dd at
available in the Iliterature by taki nfgl aangsei mi
columns in special . mMmavme msolrecrec e s & 31 gHs wi il mimtebsee g |
develbaped rermrs utldiketdaa tndednlf ¢ msret.di e s

For thefpiasmegad cotlhuemnb absaes eogf t he column i s d
This may require a thin baseaedgtddmprnes sohb iwe dma
bet ween the col umn basea eamnd atbh,e omhuirdrdo uam & mi mbge |

concrete slab to break during anpeeanéetdgbakes

i I | us tar asstcendd marvi o g . Then, the ability of the
signifioasti momde colbyncwathe bipasvgrecdmmreactio
fully restrained, partibalsley]l oasthai aendunor o i
measured in the. finite element model

14. Thesi s Organization

Thi s itoh aaddlesss i ntrododiaxddyt cbapt echapters, or

T Chapter 2 reviews the pcevioents ¢codernmneqguicr ams
to column design under the combinpecgddfeati ng
di aphr agmokd folrg/c tdiroanf t s, var i bbeo | buomunn dbaar sye ,c o
testing and paramketangessediesnabantd wubde se

T Chapter 3eprsessecHSSts@@inumhs sluadtjercd erdtd rtoeds
wi t h cooxrnipalessjveedommensds i nfmetemti alande diegn
simpéei gn procedure including design plots a

T Chapter 4 @dlisstede slsigmdhd$Stsgebhuens amideandhe
| atedal déwmal epderness | i mieth afve rrohliudnenitssyp éd oot |
the avail ablde viewob pisaarydilr ¥ duct i | ®t hsrlobungdhe t a e s
el ementaadapgs ametthreiocmpsét tuedsjez ast iwaotubr r ent hi gh
ductile slendehaessdki mit

T Chapaddessses the piH88debhaiemdseismiglnarofl oadi ng
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il lustrates the detailing of col uamanwWeres®e t ha
if the rotational restriad nne qglrieqit kelde btyh rtohueg |
model i ng.

Chaptparovaddeessi gn ocefx asnpu a&er e ush8S subgkcted to |
drifts whil e su,ppsohrotwsn gt hgdd acvd lvayw || adtiaiiddsit s i ndu
behavior of diaphraangmpltaoece ev ain tf if @ea letnbviandde s ,i g |
t he adcedusasarcet t be ic olmpaidiendg .condi ti ons
Chaptpareskanrncl neiached thi cugdesdetar ecommendat i c

f utwarek



2. LI TERATURE REVI EW

21. St ory Dr i-Sttosr yi nBudnledi ngs
Onstory buildings with rigid whowmi quide f2 e x |

are one of the widel y cuasne de xtpyepreise nocfe bluairlgdel nsgtso
di aphragm rded wlrtniaageofnabmsei smi ¢ f orDees gdu rsit mg
drféat fl exi ble diaphragmo ctomes i &dfsororhatliadrerafl td
(e.g. shearanwlaltlhe) def or may, i ars cthotwhRe | dhi &p lgua @

Sesimic | ater .

<<

Fl exi bl e di
_+» mMmade with wood
“~_sheathing .

e

e

Ti-bp concr
Top of

zos00 [ [ T[T T[T [T

Fi gk e Ty pi-sctaor yo nset e e | buil ding

Defl ecti on

it
Defl ectior

vertical L

/——__\\\\

PITTEEttttftty vucarizea |

Figk2erifts along the diaphragm span




Indynamoboadi ng sikhehaaviioonrs, oft hleui | di ngd aine i n

flexibility (Medthle&k adi amidr &Kegmnedy, 1997; 1999;

et al ., 2008; TrembfFayhandi phe mgamd 59 @@drfg,ci
| ater al l oad is efficientlyannahasercedespon
di aphragm does not occur. However, it is ne
demaanndd mor e explicitlgmé@ascional ad totrb etshge pdui rappoh

alternative di aphirnagMmsldeSU H,n & toéc)eadndregRe nlds. 3
more on diaphragm propert-pleand halhaaétmoessen aotfi vi
di aphragm deism gREMACPENMAS s2@hEwitumgi que par amet
related to the diaphragmbébs behavior when di a
desi:@an@cTaisga@ sponse modRf 4ds6 ad g folne cftaicocmoramp | i f
Ci.diap@nd an oV @bdsdpiFEMAOIPGER2ABODNDd out an appr ofj
O0Rii a@gM@. didaph 4. 5 t hamealrgrho ra ptrroiceelss, they have n
AS CEl 67
T h eir seo nnexent workabouthow to calculate diaphragm deflectiond=or wood panel

diaphragms,ta  di aphragm deformation can beSpecmmut e
Design Provision { &DPWshnd ha nthhceb esigpedde fcl ect i on,
defl ection due to bending and chord defor mat.
sl (i AWC, .2Pdsb)eel decsk dhap8regim Deck I nstitute
of diaphnadms used nger stempu deck (du wtpthrrealglm dz2C
H o w e \these calculation methods are only applicable to elastic diaphragm deformation, not
inelastic diaphagm deformation. Ther gf omoe e research iis needed

cal cul ation of story drift associated with di

22. Designing for Diaphragm Defl ecti on

Current design palblhi dobngsapAPBEE@AS@EELd20 h6)
and Al 3@ A3I4S81C, , 2ovhbah wildl be diSsicnucees aid!| ear t h
whetheef itnideisognofstory Idirmiftagidt hbdecdmp tr idnmit i iot
cheblsede odr itfht caonndst liemiitnse)l asti or dhaphedgogmed
checking the gr awietcydnsdyfsiteeun tf.or stabil ity



ASCEl®ection 12.8.6 defines designostofytdei
centers of mass of the floors bounding the st
Category C, D, E, or Fdesagnhaver jacdEBlithteall saird
di fference of the idgenfelde cppaiomtss oal ¢guie® T&ncya2 @ fly 6 da
Howeveéers,i sl | whveatghlemsxr ¢ darid tisnt ended to include
di aphragm defl ecti on

ASCEl®ection 12.12.1 specifies that the desi

story drift; Section 12.12.2 requires the diaj
defl ecti ore colfe mehhet isst tcaoawul d beqguintergpirzpdadmn d
to be Iimited to that whiclCuceaeaesdthéet gr ami
di stinguish between buildings in which partitd]i

those in whi chh tthhee yl aalrteewgstratray iviirgitSIGtE, . 201 6 )
ASCEl®@ection 12.12.5 is more explicit for S
which every structur al C 0O mpenientti mep ts ypsatream o(f S
designed to support gravity | oaAdsssCwh@Chapuaeder
D3 r eittheatdaetfeosr mat i on c oShHRAS inbe nbietrys oaf ihdwdnan bhec

checked, and the associated commentary secti o
in the gravity sgatuemthtebgte si ¢A |53t ComyPoelng af et r |
it is not clear whether the designisen®rgygeldasft
or inelastic).



23. Evaluating Fixity at Column Base

Il n real staraec var esfwhbéehkkatehteo t hrars e f ] exi bi |
such as sl ab detailing ar ouantdhteh et hci bchkangenspsb aosfe |
|l bhe col umn defai lfiomgeixmampil gur ¢ he col umn base
the spreadddmettiimeggss embedded in Iltfhet toenasee epl
thick and bblktsoaduenc!| 6tbbe bast connection wou!
the ot héehehaadtehitpfeatleolitss ihmayned wihdee bsapsaec i s no
i n conbkbeetel umnhabeesmrlaitoaitl ido naatl tsiteal flthaeees 8t at i or
stiffness i s thef fciodiuermmt |bya psemanl@ld, adesfuimea talse t
column base connectheant otf dcen mmeatcthyawmiszian3, Foing wrf ¢
can be wused. This claas ®oinfail Kssteiiadsriu mieesds baass etdh eo
sti ffness .afhe erroti actei &gnamla psrtei sfsfendedd rgsH wlEdi rse
the flexural stiffnedses ofthe hbeicghtumaf tsofbéei oo
infletKdL oblElgreater than 20, the connection is
KL/ EB | ess than rR2e g dahstie iplni/eiEl fi mant wesen t hese
the comnieganasgepglarti ally restrained (PR).

| |
/| o = 20E1
i\ b M(©)
N —
& 0,
o, beam [T T —T——————————_j_j
y ___.______ - PRl
= M, - :
E ."' 8, |
E |I |
§ | | 2E!
III | ___;] Ks: i
! = ._-|-‘
e T —,—.‘.T eu
' —— e M,
o= °B, Simp|e/ ! AN -
0.03
Rotatlon, 6 (rad)
Fi g3 e Cl assificabtaehioh mempohse of fully re

tre
(PR), and simple conn®&06 ofmB&E)r&printed frc



24. El asti d oDe d8iagsred Col umns

To determine icroltumen ealtadbiodnd it gpaayxioanl ocfompr es s
streangdt hf | exur al strend@tnke ohmowihdebyg & oapisardere et
Uusi ng aant iionnt eerq thaabse en , p wimmoyesle drycher s during

I n general, an interact iEq@®Llggiu anhii o ids eu & thael |
applaixa caal | oad aP,d «vhgMe @tnd Mm@ meahs i sotfeaxniceel | oad a
mo mes.n t
Q—h—h— p8t (2-1)
An interaction equation sitnattelde trme%dea wRleHC S

subjected to boftthr amegualnbtfetyhdeindi eaghatheo®notktqu
greater (ANSIC, oiGhlisbneopdsil godepélianmoed i near i nt e
formul as which are-coilmmne tsSeabpsetddrt deami al
bending moments either about the majle /Imi moar
Al SCSD intertaicanon@Obyd&®Yo dfi near i n:itoenrea cftoiro nt he
strength check and and&dubhgrt hfoe t heast bset aabbin ld isi styy
interaction equation may nend biehednrt o mrmpdti € ifce
factor is all owegdwhioclhhei $po s s(itDukagns ivagnadil H3Gh%e)n

To overcome t hes&lBEWnbi deseantr i ntewacei on
intrqogdwhedad h arbobppbavmdi bb @acyod u(mhtse n,. Tlh9e9s2e)
equati ons ar(@2)dmnd nBgi. na(s@Pb gg.rtelgeui r ed compr essi\
Pni s ntohnei n al comprMs si ntahgewsit rreech gft Ihilx usr atohneis h a le n g 1
fl exur alc:istnraesagsthance f ac(t@®,an.tho s rtebsenpsrteasnscieo nf a
for f(lOe.xWUhre AIRFMO specification i scoladmmdsatwerddd
axi al |l oading and bending abowterd ystcromrsge r axit g
for shearotl uma@aamwhi ch carry axitaxli sf dfebea nm gandbd n
Chen, . 1989)

- p8h Q¢ +— 1] (2-2)

- p8h Q¢ +— 1] (2-3)
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More accurate predictions may be achieved b
Eg24( an@5Edebedge andl €hE4) d@d54HBd s riehgeui r e d
fl exur al str-axigs h( attMp wa gritebmmiii sx)e,d f 1l exur al Str e
axi s (wkpiks ptklaes ) i, ¢ mo me nt -acxaipsa c(i sttiVip oasbgotlubdes it sh)e, X
moment capacaxiysakpwmbiii sst) temg nt r es i satbiorug- d ehpea |
axis (stMhdgrmsgniehnee st , r e si satbionugt -actahpea cfiwdt aelss & hies ) |,
required compr eBys isvaohmxri ead sskdurere &g gthdtohnepr essi ve
yi el d &dirse ctghidt i c al buckl-axngs | 08 tR. @B @curietitifhces | x
buckl i ng | eaaxd sa bl owBtarkdbhaeed yss)¥ anydempendi ng on t he
shapes and axiCah n@hgmamko mematigms ffi @@t 0 0N

for shaemotl ubmaasm— — pat (2-4)

in whichg- p — -

- P& P — -
f or sHecaondé umns= P8t (2-5)
in which p — p —
- - p _— p —_—

With a -eaocthpdteamal ysi sredludcean hef fidretr at oon,

including those discussed above, have been pr
structure. Nesd &FtDhdlndeg,act he2Aled@ &3 )E.gnis g e g
been widelyeused in practic
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25. Pl a#8li ngeesildgn f-Bas & i &eldumns

Testing-cohnulmaamsubj ected to both sauxsieadlull oa
i nformation about whether aangalpyppaoaxicalanldeacd ! o
whi ch parreemitteed flfoer ¢ hih@s cthirese n env\ga lanmat i on of
flange( Glhampe set 2013; El kady and LiTganmad,, 201155;
Fogarty et al ., 2017; Lignos et al., 2016; Ne\
201 vhiflemvx per i ment al tests ofe xtiuibuuc haarn ahno | & to wa Is.
Kur at a, 2004; Kurata et al ., 200BF s Sseakiomn
brieéviyew ptriervg oaurs steecseo bbb mngidaunchs ebobbawns
as weblidaesce of the possi biTlhieithryf lode pt iaalt i gahan
highly ductil & os| ¢ meyspeasse Sopiminlstmi H sussed

25.1. W-Shape

I n the pasthewe hhaeacadkcsembiHavdi galofbamimes t o
form stabl samd acsdntci rmuen gted Nseuvped d r ta nadxtildeed it g8 do a2d0
ten W14 ; cohushedstaiyn g e fifilaécetct i on col umns are c
drift (0. Wi hthagk(0.a09 lroaadd.s) as | arge &PIyPO..75)t i m
Thmeassgtedy drift t hcaan cros sugnsne astipeenc i tmineamhs sitt fote vy
2%whi ch i s enohueglke| asticarrgtati onglSadbhemand &10
SiimMmraesbbahtve beemettewsod W14 columns subjected t
axial |l oads withLAgBSECs| atWwdadBI2, Isd2 @itideapolt amh €
plastic deformati on tchagbaicalt yl @ad ociant rayhiterhge adsass
P/y#0 .ashagverP/##0O. 7Fr.olme & & s er v aet idoenvse,| giphmesrniti cofhi ng

ensures Odhargel pmastc ap gddeeftoprintaet i tome presence

compressive | oads.

Deep steel <col umns -saerceh itomd she | vh esrueb stt laen t d rad d ¢
fl ange Mainde HearCthenrg et al ., 2013; EIl kady and
EfTawi |, 2016; Fogarty et al ., 20dve Okr&kwnh at lead

desgctions are prone to prematur e Ilbauctalarean d bll

to comai maueinggasddn t i | reaching c¢onSxiddkeerpa-bwied ed r
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fl ange tceosltueineshy et losi hese( 2O@AG) hodt dOJI GRurad at
achd@v@4o fr apdl a s tdiecs pridteatliocmVM36Xx®SR2al injvieasritgeagrat e
et al waé62@%4) mated to have significantSIEy s mal
41-1 3 han cwdnatt uad u sy deiéndrhnleeat er al t omMmoiden al buckl i

252. Tube

Many studies waeawriaf édcanmduws.cct oallioi efireer elr atl ii @ € 1l ye
researf edavx padi meonnt alu btee sctosl umns subj ect,edemh o ax
thowpwh umns are primabul ar.cWhwipthaned s els e ehrao/tee
focusked behaviorsobj eiSSebebmscaymmriocdalnleet @real olf
the bucklimctg!| Begnimbve or ead f ttoh el arteesruallt | moiaghhstn be |
HSS columns due t(OFasdtadn,Ot2h6aixd pmdr clho aadrsiems car
recentaryearns st ai nl esss psetceiefli chad U Isyd vemasdeec to,fo @ u p
ferstainless steiedlculaaard Bhlalpew @escti ons, squal
holl ow sections and Beulclhiapntainc aelt hadl.l, o w2 0slerc;t iZohna

Desmiltaek of e@xpedruibme ncw® uenars f i nd meani ngf ul
somests coKuruattadUb@d4a) etan&luzuk20@byd .Llimnos (
t he wheiscthso Be h®txeel wbdl e ma ®rdb it e dt U wme deondgwlinoh s
continue tpo eswcst die(@/B@®auplttwotoclleeh t er@afl tdhhe frtot at
whetrlee i niti aticeonuFosrf exuarkdlien,g S220Buclpleei ante nG .
rad and coll apse at( Run&t a,ad2 ®F 4 ;| .alSwereatka reath da
Lignost é20&d)9 HB@Bb ot WIS 54at @ s5, compaccst sect
i tfd exur al and/ or axi al |l oad carryingmema@acit
compact s®uwdgtiaoinn tclhaem same axi al |l oad coupl ed
The aut hor s nmeolgdloa sntoidicenddh ulbcyeett he pl asti c def or ma
buckdrdeelyep eOdd5atbon dwermageée,e ¢€ioh uwdins dtehpechr oosfs
sect iForm)m e t e s taibrogrer,espdlatss i fi cation i s expect
the columns, whiwhtbeseblydsdocg@dmmati on.
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253. Sl ender negSst albilnei tPIfasti ci HEWgpeFor mati on

Ex per itmesantt aneenstuilotnseé @ d atlchaatiee f ai | ure of -deep a
flange columns is attributed to web and fl ang
t he compnaicttsn efsosr |Ihii ghlays dduecftAilNIEHN-InBeyjb 8€s. 2016 a
Ther gfeddr eand f | angesaglee nhd egrhn ¢y$h & eil aatd tradb itbomh y o
subjected to axi al |l gcadusd@awynieo meidd evri d cths d o e a ra &
predicting collludna otgleac alpacalt ysl ender nestsher ati o
smaltlheorcd rotation at which Ilaec gl okvamdsyi aabnid iLtiig
(20%5 uywdhyer lee | east ceoxnpearcit e nsceecst i folnange | ocal
rotation of | essPhid#amA 1% ntpoauf\pi2 seod@d 4wtidt5hwd § h
W2 4 x 1MdBt33al23 o sholwisghdmtshkEdrdemnnsr experi ence
| ocal bt c lsimakgd ieéwienle | ati vel y o.athhad | amxumatl of a
shortiesnianlgso | aWReltx@hshmad also uth ealrOg etro a2x0i% | s h
than that of W24x146, |whiat¢h biet kmadgglaywddle gho

Theirse an opinion that fl ange | ocal buckl,ing do
especially for deep columss bwltibamlm glea V efctaill gihearc
W14 deepwamé luantnisvat p 6t3aomd(tNefwe | | and Uang, 2006

't has beenwecho nsclleundddedy)tnt epsiagb b(ail . ec.o,l umnL /g ender
artehmostmportant par amet-felrangen ooleudni-nodgsia nayaypwaiectli et
2017Hhe section t i &ahr/ies 9 bhs aepetri wledd t o | ocal

section withkmaht ekedsgavedrbreed by badlk(ragarotrys i
et al. Fogadivy edl sadggda(d2t®dald7) he gl obal Isrenderr
plays a signifiaamitirmdle a(xGArglRoWdboimsdh mhagt ima xi mu
axi al | oad rati apadtvmelmbteawhacla ed rsiefstée b gniveg | oa
scheme. 't wasobsepwpdWtidead 10y W2WBEAXESEFE andn

columns, where the secti oenisr chaenb tfhihasvfeo ra ghiingahl e rs
a | ower CALR wheokabesegiwebed a thickegr web

resulting ywn a higher L/
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Fogart yTaamd ,HI2Oalsée)d on the observations frc
studies that | ocal and | ater al buckling reduc
0.04d, defined a critPPBplacsoastamect acma)df | wval
and gl obalLAgrl. endésinregssa (mul ti vari ate regressioc
in E§) Wg2et alt akéeé880A8)si mil ar approach but S i

equation into a web sl e/ndea8rides(s2 | i mit as gi ve
— PCCTURBR MAE Q@ T X e Q (2-6)
— uIﬂJcp:T[Ej(q— T & for interior(2¢)!l umns
— rfﬁ)czp&p— — T G- for exterior(28)o!l umns

Whesevfelrange laoncdIlwebucd i ingg oc @ miptisnee dl eampgatdh nc
column sakomrmFbéy exampl ef | alreeeeg swliareder sections
shor ttehnaitn gi séilrO %o roif g(iEnl akla dlye nagntdh Ld aforro &l in g2nOalsh )
et al anfl@@drmnt) Y led)x iddd.r tdechi ng of the steel colu

to the onset of | ocal buckl ing, but Thetant a
i mplication of this trend is that | ocalalbbwckl
suppbdryhaetdexper i mertaanlg feitn,dail ggpd LOEL )Dizdk u( 20 £6)
al . (206G ut8hpei al shortening ratio can be a way t

Al t hough b datoho te qcuoantsiiodnesr a x i ahle srheocretnetn irnegs eac
Uang et sallgg@z0eked8nodi fi ed welkh owlne n-thep eeme s § 12t i mbt
the axi al shortening |l aeammgsei tciotaamass unfd ed e € MW ii
| oadixnognsi dering the criticalthaexitalr gehordtraitn
rad.

— cqp %D — homi O — (2-9)

15



Researchers have used parametric finite &ele
flange ;cowaemars, none of d e sviegnn tghuei dce3l4lrbiers Alr S
explicitly state what and how these parameter.

deformations under t hemacrdnbi hedeéodosadiagbscbkeam

254. Li terature t I5dte nmaayi mauppfoart Tube

Comparadnunmnkamp eo ifamadotmplut at udma Wildaenge col umr
tube columns havemwmohForb etemi § niveaduonmgl,etristd wiosd no
tube chhéhawnmes i n r e alloiasdigi ca naa rwhhiqcuha kppar amet er s
explain their Howedwemi lwa i dtaenwgieorc.ol umns, tube
experience ,| @dalb abaundik l@ikdi ganwghs H cer tl eant iearigad  adxrii af It
forcaeppltiegedtSh et |vairdd ange ,cofummnabl e plastic h
tube col umnsl aragme ndetdde arl e tdaii rhitn d otalde icrar r yi ng

The f or amlta otnisd floinmpdeg depends P@Ph 8 hwi catkhe a | I
tohickneB) ofatt me (c oll hurnonu gshe cttheondet er i oa ati on
numeri calli ddamtoab aqna, Krfaowinndk |oeurtu ift@H0adt0 )thlod | ow s q
columns subjected to combidetleaxomat étomay atnidv
cannot reach otOhe 3p Ir Bt ia bmihgsgre @ahan B B/P a hadroes
above Wi.BMos and Krwusvdd&uéeit Ec20odlaziffat hl at esatnge
sl enderOBd@sO0) ,l5axi alOPfy®0 c@) r aatmnrde sysiO@E,QM 2sk § i
ksanpnd found the trewidth hrae!| aBtil wsBigOdBmpdlolon hi gt
axi al &ERO0 .r&xtpieor i endegathilemagt hvelegy salggest ed
a predicti aml &agtuiadc i rood,d itotrlo nr &/l otyo t he f ul |
set and the monotwowiedl§ altnk gsheit(scbeaq uga tuinoint, conyv
factor equal to BiB89Gsetl thekgield stress,

8 38

— TP P — — (210
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I n addition t oP/P)hea nalk ditthtteh il ©lard Bs)® 1 atl i( a h(or t er
-Ff 1t becemes diomo ntat@ t he behavior of col umns
with azxi@dzdkiadand dcomghwsct d 20dxp érli nsetnetead | ctod su
witds hWpes and HSftabkrapesetfouhdhavior of col u
bywawsevaxieal shortening, and sugoésmad axhat Isihm
can affect the | ocal sl enderheweyv dri,mittysetrfeo rh ah
been proposddction equatit auhii éciht KtSIBel coodeusmnnd e r at
obot bcal &aopdkdtonkgl i ngs behaawvslorshortening

17



3. ELASTI C DESI GN

Thi s cdhiaspctiuedreeesi gn -boafs ef igcreadvi ty col umns to
combination of axiaprcompibgsioaoneandcHESEguUlIar
shapes because they aterg odnomaielgdsoti ice dosi @n
c bumthsn o mi anxail a | compr ePsamao mtolsné fnlaeh>gu rhg IM,, s tarreen gt
comp utcedr dAil nSC -1 Ma ptaenrd ECh,apt €3 p éAchteinv,eltyhe axi
flexure interactid®d €haptieonfthleiamdASE€@ddDHA@I ti o
as s uarkeidxad dbtalsee and pi nnceod raets ptbhhed ctioigoy ewd¥t@hn gt h f
A design pheaegdwsed pased on a single par amet
flexure .imhitraalsyi,gonarcehapt sseart ee thaeéef ul t o d
adequate axigdlvelnodd rtatei mxpected drift ratio,

31. Evaluation of Column Stability
3.1 .Axi al CompresBion Strengt h,

To dettelremi aaxei al C 0 mihtt diseesd toimetaot crbesansgstihf,i ed as
or nonwdiemg etithteh iwd kdrt ebs/asth ). taAtl iSoC -1366 Or a b . ceo rBt4a ilms
t he |lwei tamd f | a negfeocosn pernedsesri noens smeanbieals caumpred
that 1 s the criteria tpo odled @aoimi.mileb avihe it hgeimv & sh e
i n Talbalree bbased on maYoecun gds mntoddad ruisise 2,9 ,t0H0e  k s
antdhsepeci fi ed enmidn Fgttirwedsysi,es dependi ngDoa t bet he
factryitdhas malrdfeorr tandn HSS seaexits c@xsiwve )ij heg ove a k
fl exural] Whic&hiing why the web and flange is r
hi 8 hfel awmigdatnimi s weebei.ghlhe | i mits of web amd fl| an:
ana abtaafedle i n EwbBi @8, 0O sk s5i0, kasnd
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Tab3le Cal cuMedt BlomaunSpeé n d eli me ¢ s

p8 — =33.71 i PP ¢ — =26.97

I
=

v — =137.27 _h 8 ¢— =58.28

Il
¢

The pr ocPeddaitreer miomati ons i-%5. FKcrs ctrh e esde dtni dcn gw
sl ender Pgpteamb ebres ,o0bt ai nledyby hmulgtriopAgy ise#sn en a

i st P Ofor the sec+ilamgengghahas Fei svi Fe€ 877

WherFeeicnua—II—s. On the other hand, for the secti

section area should be <cal-t&leactte do ni PR 7T ctimheedna r
obtainkd ifMdgasm descri b-ged in Figure 3

Without With
SLENDER members SLENDER members

L _ E L E F, F,
Ife= 4'71J;y If =< 4'71J;y If Afjange < Ar,flange\[;g 1f Afiange > Ar,flangs\[;g

F, F. = 0.877F,, ho=h Fa [F.
F, = (0.6587)F, : he=h(—c [ [
Fo [For

i
where Fp = 1
G52

If e < Ay wep, |2 I Aweb > A web, |2

web= Arweb [ web” Arweb, [

bo=b Fa. [F.
Py =Frdy ° be = b(1—c F—"’) F—’

- - Ar 2
;=02 3 For=(cz 7) Fy
v

‘ A=Ay —2(b—b)t —2(h—h,) ‘

v

Fi g8Ye Determination of axi al compressi
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3.1.F2 exural MStrengt h,

Thmoment capac,jMiysobbttail menth sac eloor dG hnagpsdteor AH
descri bed2 iBnotFhi gwerbe I3ocal buckling and fl ange
however, It I S unnetceoersssiaanya It ob uccoknl siindge r( Ll TaBt) e rba
LTB does not occur in square seaxtiidodnd iadmr,alsleyct i
t harmeo sl ender wedbanlibee H®$8 hewlkieadhhtey wdhammareismsg
ratios with those | imits presented in Table B.

I f t hei sscemepacoirani ng t hat nan cdoompsa eniddstd ssma v e a
r e achheul | pl asti cMhendirgZgg wm&Emeert he plastic sec
|l f the section hBgs3-)oar olme adap ptfhiea dsgeecst,i on has
webs.,332E@pn be assactidnthhaMcalnemeerc ompanges by
Fvby the effectiwe section modul us,

U; Uy U, Y o® — 18t U, 31
£ n M Q) )E“r_Q 0 M ( )
oY QR o 3.2
Vg Uy Uy '@ T[8H‘[-ql;)r o T oY 0y (3-2)
ngmfgmi‘:s NONCOMPACT Flanges SLENDER Flanges NONCOMPACT Webs SLENDER Webs

v

(for compression flange yielding)

i v |
My =M, =FZ ; Lys = I — (E820 4 3 0g2),
; err == (B85 + Lady | My = ByghyS

wherea = (h - h,)t andd = ”2“‘

et
Se BJ2

(for compression flange local buckling)

: : 09k
fr="7

[= [=

b N B o b |Fy iy

n= My — (My—F,S5)| 357 |=—40]| < M, My = M, — (M, — F,S)| 0305— |=-0.738 | < M, 1
tryE tu | E

Fi g82 e Determination of flexural stre
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3.1 AXi-Bednding I nteraction

Si ntchee axi al force ampplbenddicto@gcmomemtbcdn en f
def i mé SC-1FbNapt eBEH dn 4B quese(dvabuate the col un
I n these ePQuatinbiies  r exlhoceoinepdr e s s i ,0 ntMgderrem gitsh t h «
requfilreexdur a,] asn.dt etmhget h s t he strength reducti on

— - — p8h Q¢+ ™™ (3-3)
-—— —  p8h Q¢+ ™ (3-4)

32. Par ametoensmnrdy Alternative I nteraction Equati

Two parameters are introduced to characteriz
and the magnitudea ot cirtdy@rdd xdm| aaiddalds| sddwnat i
i Riugl,aa the top of the column, joists and joi:
chord can slide on the stabilizer pl at e) t he
consd deir.ehleal boundagfytrciosndi ypenof column i s i
angi nned top, as -3(ld)uhse rdaitsepdl acne nreingtu raetpi3s he t o
characterized bymulhtei pltioed Wy itfhe aldisdgmptwno fi nt
33(b)Thecol umh otopdt emavduyet he st omayd edr ruipf t sf t o\
component s, as. 3djetslce f O eha tbiyo @k qoifc atih esgsti emhe
def ormati on ogb. It ed ddditaippbmed gro,t i on s simplifie
pt hat bmingphalsye di s mi ¢ Hoavadtimey e x ampp teaeiil 16 @ al cul &
gganghin accordbhecava t Shilcdlr HM¥ eR(aPitQuerbel S DP WS
( AWC, .2015)

YO £ QIOQ@DOIQE - M@ © w (3-5)
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o= Lo
[

7 %
(@Boundary conditi(ohm Defsortyi dmni ot

Fi g83ledealoilziémhuadari es and story drift:

The magnitude of t he axi al | oadr eguaeaexeal e s s
compr ssgieByygttho t he desigs gt8&@BngtMhEgmoment d:
can be calculated msl tihel aedaby the | ater al di
as givedAN,i whkEagh is simplified into a function
and axi al |l oad ratio.

| — (36)
0 0r1r'Q | %0 ['Q (3-7)

Substit@biamg.(EM nt o3-Fygesul t8&Y.in E i s assum
gravity columns will hakhanaO. axtamesot.lBe( aknal
4di s notBywsaad.alh@3IghignEg 3-9,aml t er nat i Wien tfeorrant toifo 1

equatpompaseda | imit on Hogeveawxial v aboe tnaltrhditsi bt
equathenlimit on axial force is charBlMerized
the reason of which wil/ b&Egdfsoussedei msedet

the maxi mum drift a column can whndehr g |ilf bteh e
desi gn sex aGiphpt er

‘0t 001 CXHASAERE - | | —  p8r (38)

— (3-9)
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33. Prop®desdgowcedur e
331l. Exampl dtoSikepresent ative Holl ow Square Sect

The us.e3Qoafs Eag desi gn t ool I s ecxmomwpgicanéeé edubys
columns with pro3®p2ertiTlehsetgweaviewdtinneeTdbbheti on eq!
Eq33),i s pl otutr8df arn tFhegse rmrsexpddtbetposwst hl e rang
drift ratios tugex itoasd3l¥Wahgicshgd si3hhoo0ghorl. Ohe

portions of the |Iines above the critical val
adequate under given combined | oadinghowsdit:]
t hecegppteabst oc¢ | wWenainde tms il & s tsitcaabd ley hey argi seihj ec
gravity |Pradm theked® |l ploawti g observations are m

1. Fiug3shows that tubes with thavshmwadoliut si d

have a higher value of the interPdMii ars eqlL
| arger for thinner sections making them m
drf it .

2. The outside dimensions of a tube are not
drift a column can sustain before the inte
34, the different tube sizes are i ntersper s

3. Whei s | essaltlhacnolOu.nBn,s ssame saéegi datve vieai, |
greater t haomo.cdtuhdaallbte coady mnastié| at i vel y s

compr ess, vief ftoreyesare subjected to |l arge d

Tab3lzeSec tPi mmer ti eSupeCoHB & NG

HS S HS S HS S HS S HS S HS S
4 x Hox 4 x Hgx 8 X gx 8 x Ygx 12x 32 12x 32
(i1 1.41 1.58 2.99 3.21 4.56 4.82

P/ P 0.12 0.15 0.51 0. 43 0.75 0. 52
Pih/ad 33. 9 41. 5 67.0 84 .3 64. 2 69.1
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332. Key Design %Flarameter,

The suitBbinMisth yai odirc al®@&®l wWnomabi | i ty duirsi ng |
examibyeevadlulat3I&a® rectangatairno oFsB-Hsudklbehr s e EIB B o n
are categori zeealpdmdion gs i Bh /gl advhgESSe cseefc t i on . T
pl ot st sahtow heequdteir@amctv alnhue i s d®ihvMcrt |whitdhedt i
| arRyhe/mM hHBS S ¢ chlassmimitghheelr ue of | ntielragdd.tti am ediwanr
thae parRhet eirs effective at predicting whet hi
to reaching the,aisntteata@&ctailomrliifmi t sst atce eased.

Al soHSSSduare sections -8ire t afhmsVMaDHeeals é nd altad | &
consistent with the previous obsPeér/ wast iloink etlhya tt
be sl ender and | ocally buckle before reaching
Tabl3@ s3 useful HS rs gdueasriegnsiencgt i on col umns subj e
storgcambifned with axial c o mpurr edshssicvuesd dledardiesrx t w

section.

333 Devel oped a Simple Design Procedure

Based on the modifi e@®38)i, ntaenrda ctthieo np reogpuoaste do nd
Ph/nxMsa mpl e design procedure is developed to d
that a tube gravity column can resiPdtosM f oFri r st
the trial obliemncanzée @BbtaiThmed, 8% 0omhEa hlEeg d3* 6
charts givéncam IFé gwused 3t o det er riijrse awlesjtulaere t
the amoupnt hat dsilengpaencgprmd.i cahi sagdode for desi
amSS column will be presented in Chapter 6.
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Tab33eva l uesPafroarmé:)f"—jﬁfee«Nmuar eS eHcStS ons

Sectior Phh/ M Section Ph/ M Sectior Pah / nM
HSS2 X2 X 18. 11 HS S5 X5 X 44.47 HSS10X40 84. 4¢
HS S 2 X/2eX 17. 4% HS S5 X5 X 43.43 HSS10 X0 74. 21
HSS2 X2 X 16. 97 HSSBX5Y:XYs 68.63 HSS10X40 67. 8E

H S S™BX 2%,XYs 20. 54 HSSBX5Y:X%16 53.13 HSS10X40 67.9C
HS S™BX 2%:X31 6 20. 0] HSSBX5YXY, 50.5¢ HSS10X40 67. 8E€
HS S™BX 24X, 19. 24 HSSBX5Y:X%16 50.27 HSS10X40 68. 21
H 'S SBX 2Y,XYs 22. 9] HSSBX5Y:X% 49.5] HSS12XRie2 69. 13
H'S S1BX 2Y,X%1 6 22. 31 HSS6 X6 X 78.15% HSS12X12 74. 4C
H S SBX 2Y,XY, 21. 7] HS S 6 X/psX 62.29 HSS12Xs2 77. 2E
H S SBX 2Y,X%, 6 21. 0 HSS6 X6 X 55.87 HSS12X42 69. 8¢
HSS3 X3 X 27 . 7 HS S 6 XX 54.97 HSS12X312 63. 6E¢€
HS S 3 X3eX 27. 1] HSS6 X6 X 54.34 HSS12X4?2 63. 8¢
HSS3 X3 X 26. 4] HSS6 X6 X 53.3( HSS12X412 64. 1€
HS S 3 X/8eX 25. 7] HSS6 X6 X 51. 74 HSS14 X4 67.57
HSS3 X3 X 25. 54 HSS7 Xy X 88.5¢§ HSS14X44 70. 42
H 'S SBX 3%,XYg 32. 74 HS S 7 Xl7eX 77.717 HSS14WX14 58. 5E
H S SBX 3Y:X%1 6 32. 21 HSS7 Xy X 64.29 HSS14X4 4 58. 8¢
H S SBX 34X, 31. 5] HS S 7 Xl7eX 63.69¢ HSS14X14 59. 21
H S SBX 3Y:X%, 6 30. 81 HSS7 Xy X 63.2( HSS14X44 59.61
H 'S SBX 3%,X3%s 30. 1] HSS7 X7 X 62.2¢§ HSS16 X6 59. 2E
HSS4 X4 X 41. 5] HSS7 Xy X 61. 27 HSS16 X4 6 61. 97
HS S 4 X/dsX 36. 8¢ HS S8 X8 X 84.34 HSS16X46 58. 714
HS S 4 X4 X 36. 1] HS S 8 X/8sX 87.9]1] HSS16X46 53.91
HS S 4 X/4eX 35. 4¢ HSS8 X8 X 74.1¢ HSS16 X416 54. 27
HS S 4 X4 X 35. 21 HS S 8 X/8sX 67.65 HSS16X4d6 54.5E
HS S 4 X4 X 33. 8] HS S8 X8 X 67.75% HSS18X48 58.1¢
H S S%X 4%,XYg 50. 3] HS S8 X8 X 67.24 HSS18X438 50. 338
H'S S¥BX 4Y,X%1 6 41. 5] HS S8 X8 X 67.07 HSS18X418 49. 61
H S S%X 4Y,XY, 41. 3! HSS9 X9 X 78. 7] HSS18X4s8 49. 8¢
H S S¥%X 4Y,X5%, 6 40. 5¢ HS S 9 X/BsX 86. 67 HSS20X20 52.0E
H 'S S%X 4%,X3%g 39. 8] HSS9 X9 X 81.14 HSS20XRO0 49.9¢C
H S S%X 4%Y,XY, 38. 44 HS S 9 X/PeX 69.9( HSS20X20 45. 3¢
HSS5 X5 X 59. 4] HSS9 X9 X 68.69¢ HSS20XRO0 45. 72
HS S5 X/peX 46. 6 HSS9 ¥9 X 68. 37 HSS22X22 43. 238
HS S5 X5 X 45 . 8¢ HSS9 X9 X 68.57 HSS22XR?2 42.11
HS S5 X/peX 45. 117 HSS10 X1s0°> 81. 04
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4. PLASTI C DESI GN

This ohaoptosreaseae asf choinghl y ductile sl enderness

subjected t ol arxgalrsitifarsy le & afsirerdls toni savai |l abl e an
i n the (ILiitgenroast uarned Kr awlT hkbegh a0 i Fratobdéed B Inggme r
t hmeal enderness | imdéevelgoRled otnls s sixodl tHsubdwey ct ur al

sectbbowinlsmoded idng ArmvaJu sagakedstKauraya (2004; z
Using the vVvalaipgpa tepeadr ranméedset!iu aniigé $p e b € o r dreerdi M eo
hi ghl ysildaercded mefs sHSISI meiotl su mn s .

41. Prop#HsSe&Sd endernBasedi mhtthe Literature

As mentClhapiddigm2o s and Krpawipoksi2&ipf g e i 2 rt i ng
t hpel asoti @ati on before reld88eaps paeadkttishiar étidgt h o f
t hi cknehk)s arnadt itoh e( @®Hy) alln |tompdr e aabttiece [( moment c ol
speci mengs etaxmi ¢ dleliy msaxieanagmshthoimppodbxi mately
rad before dauwsads bsutcrkd n(gEghg ed ehgarraddt.a Taaitknmgnlt .o, 19
consideration that the el ashpdi @asrtriobafobat remapi
peak sitsbkbPagehore @ppPpRoxiamdat ef=Puld€gi2thift i aargd
assumi ngexapdgtped ayyi R+ d. bttlmeed s | v at oB=2e9l, a0s0t0i ckistiy
t he equation camt obet hree foonr&iutNai tcenditithdada wo wWtt h o f
outer dimension, b is the clear Thiugt drake nlge tt \ia
aver ageb/tt®tv/aan ®.f8 for squarae paroproesetda g ®lnare r H

obt aa ;nedgli Bvgedrl).(iTrhi s esihesd | i mit is expressed as
ratio with a | ower bound, i . e. thel@&urrent h
8 8 —_—
- pBIGCPp — — T L — (4-1)
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Fiug4dels hows a cangeair $s sio-mf) bwwickinless rati-b61 i mit
and thehpgopegsedctliilmi tbss eteldgptEinle®w a@lbaest i ¢ hi n.

to fdrmm dselrenress ahimhty fdarctil e membawlaprl eesent
D1 .a¥Eeq42 , £y and.(Eyyf or an HEBIi deanpgewiskelct s mal |
axi al |l oad,] amme sewitden with .| ardesakeabdel nat

| i npirtecspo Mad ebby adre (a8 mwi de 1 hament ®ectoirom| u
subjecbedtiaaotsaaxigalvelnd)d sHge.n d(e2r ffedddkrSS | s enc t iso n ¢

arreef erErgedd). tAd | t hese four tegqeidithieldlsu aeneh ephlioctht e
horizontal axisUPPB.the axial | oad ratio,
- @ v— (42)
— cax:p P8 I QeI T pT (4-3)
— T@y— Y| pBXx— Qi T@pr (44)

., whie rfa%andTJ Y 00

The foll owing observations ar e:

1. The highly ductile slenderine&®( Waqett &lor, wl

l'imits the axial |l oad ratio to a maxi mum o
highly ductile slenderness | imits for axi a
2. The sl enderness | imi4l)iforshawrst @prbopomede.i
than the current highly ductile sl elhdernes
propskeddernessedemo tasaptphe axhi al | oad rat
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100
~ 80F Eq. (27)
5 <hd for Wide-Flange
Ew
P Eq. (43) and (44)
£ Al SC-13Mi1dFel g e
=
=~ 40
W
=
S Eq. (42)
@ oy | AISC 34116 Tube
< Eq. (41) Proposed
\_ <hd for Tube
0 L L L —_—
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Axial load ratio (a)
Fig&X@ompari son of slenderness | imit

42. Finite El ement Modeling

In thia deatiten,el ementwimoidiepp @ nfgotramaaldi a@maley g ih
model s against experiment al data on tube colu
|l ater al dri ft. Then, a (a4 amet stcamhsndroeswidl| |
on the redulnt t emedeimeepr opesbeddersnesser | himghl
ductil e twibleld eshbeecltchppenda gh mul t i var i aAtte trheeg reensds i«
the chapter, thecpmpanaedvhl matedwi I be

421. Mod¥al i dati on

The mai mopunphese al i dati on study a+etapbi egnm

hi stories ==d etmeatt t(He)f impidted s can capture the

well and t atdetagramene&risn @ uc h masthynpaetse rfioarl spurbospe
par ametri chedtludeleesmemdtSamodcel gsgener al sol ver w h
solutioamresclheene to perform validation in Abaqgt

The FE model s f oreava&ldi det ioanptweree bcehavi or
exper itneesnttsali n tThhee leixtpeerraitnuernet.s sel ected for v
strength degradati odhdue@r o ptehletoicesd p edrfu ankelnit rsg .s €
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alidat imogl et h e gl pipsrtoeadc HHinn cTlabd ien-gde t hleroda ,0 s s
nd the plastiZcTecdtala onop uwiutsh e uhteo tsheagd tailsotne r |
orner r adiuusse tohne eeaxcphesrsitooeca v ed ®lsd lhewt h t he ast e

o 9 <

i's feecttbemdr Ehandel i ndpewhinoh iincludé@&héheokomne
heiigth2mf or all. fipectimenrsati o of axi BJwhlicehd ab
i's thengtal gFf,s smud @ li pclrieesdsc bayroda@a ket hat consi der s
radiThs.ol umn i s assurmendt droi doseu boméechoefd t o a cor
| oadiTmg | s ekecauoe columns aexhabng p behigpehtv aorfi

scofpoerhi s research.

TabdleProperguaese plewclhbeneh s ( Kur ata et al .,

Specimer; B t B/t L ry Fy A z Py U
(mm) | (mm) (mm) | (cm) [(N/mm?)| (cm?) | (cm®) | (KN)
S1701 200 12 17 1220 7.84 425 *E;](') *Z%]% 3445 0.1
S1703 200 12 17 1220 7.84 425 *z:(l) *%%]% 3445 0.3
S2201 200 9 22 1220 8.02 404 *%2 *1792 2514 0.1
S2203 200 9 22 1220 8.02 404 *662 *179?3 2514 0.3
$3301 200 6 33 1220 | 8.11 380 *13; *?éé% 1647 0.1
S-3303 200 6 33 1220 8.11 380 *13; *?D,éog 1647 0.3

*the value with asteriskitneghtbet ebfsaeti vadsacti on

The booodairtyi ons utilized in t2hes eThneodbedtst oan
the column tsahskadti adgarnetcsttiacbmna td oe@ad ,| whil e t he
the column is free to transl|l ateapaancefrotatce. no
created in the miand et lod ddleunmoltuaomqn ddgpes ar e
Thmedel i sgmwhgtes the [ aboratory sitouawaidomgi n
devame ans ftehceo B d mynh.cAblgsdot he responses of structu
are al so comdfreddirode Thd shdadisbaebso réahttecurayt i on i n
the column top I ssoounhmagve dt d e tolidhrer part
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The col umn modelad wdinne earr eaagieende p cad i@vegnb i-rain e
strain shreelfleresl@eimetnmot ABdges g mesnée& dMiynpdBeinssner
pl athewhiyxdhsumes that the planessunfacal mgynex,
di fferent rotations than the midtdlranswuefaeest
deformati oAl so, t hdosed ymet olfawd ehhewnrtgl ass mode
or bending responnee, oift tdoee sel reane MrtAelgauq U e, hdQIr 3
The col umn was di.vThdee db otntwdom o ppariete waadfs etr hd en
col wmmes t he fairaeagees% ofisaehteh avti ditth can captur e
bettTee mi ddb@ep2asdd of the col UummbmWUW erfgtheamwd du s
mesh, sameé thensoptpant 50% oddomtes cDO WmMmE | emeg

mesh. Fiham®sh type amd |dr rbaen geexopadeatp thnte di n nt he f o
sections.

Top Boundary Condition:
Free transl ation and r

Force contad

Di spl acement
controlled

Bottom Boundary Ci
Fi xed transl ation in al/|l three directions.
Fi xed rotation abi

Fi g42ki nd e emend shlo wibmwgndcangdi ti ons
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422.Loading Schemes

The | oading schegsaenldaneolavesli apil alcelmead s, bo:
to the nroedfé@acemcsepeci messussaasssmadP tRAFA! forc
whelWies the axFab tbhadyratdogdi sehhpehcetaosmihesr ps
arehat considersThédeaxioaherygpmagdi sPgann® . the oaXi.
|l oad testing mat2r.i x i s given in Tabl e 4

Thappll iae enriafrtescr eat ed based on t hd ol aatcerual ad
t hteop aofolwumea i n the exp&urmeéatal20Ddst. Kuesatht g
procedwrpe aotfhegl ateral dri f43s i i ded eroitbaad miome
responses to a hystaermanhual r gspdogs e i ackrditebngt etds &
digitizati onP|ldafgtiwarzee,rc & hke@abcecanksdad r iefvte ay etc g tcil a
identfrbmetdhe ddiygiutsii ngd t hatodattlhaeb coongpeai.ttahtei on al
rat ai sopfl ad emecnhtoObEmm/asse@ (O®./ $bkbe) resulting dis

protocol dgn abirdgls hown

Tabdt2e Applied Constant Axi al Load

Speci S1701 S1703 S22071 S2203 S330]1 S330¢
U 0.1 0.3 0.1 0.3 0.1 0.3
Pk N 38 1 043 251 754 16 494

1.2 0.12

0.08 0.06 | neg pks.
‘ — — —Regenerated

A A 4 |
0.04 0.04 ‘i“‘,‘ ‘ﬁ‘ “

w'“ ﬁﬁﬁr”“.‘r‘]w

W[ “\"
Dm/\‘f | /J/' \H

JI‘\ H\”

0, (rad)

de(r a)d

-0.04

-0.12 -0.08 -0lD# g.o4 008 0.12

-0.08

i
-0.12 y i

Normalized moment (M/M,)

.12 Ti me (sec
Drift rotation (€,)

Fi g&3. r ilofatd prnogt o c &Ixpier ( anaratt(abD)r t Est rot ati on t ake.]
(Regenerated drift rotation based on the
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Time (sec) Time (sec)
(eB391 (f-3383
Fig&4sa®Bhe | ater al di spl acement isof each spec

423 Mat eWahidati on

Tabdleg avhee tyi elbflaceht remassti2me MPa 7f0dr -A$d3 S 404
MPa f202r01S-220@3 S and 338300 IMRaB @fJofre Smat er i al prop
obtained by t he( Kurnastid,e 2c0004p;o.nKhtémesttreg est naol d. u, | u:
E, tiask el O0asGPa fAdr | sknenedrmat i ¢ har demwiamsgl oplht @ slt i ¢
for dthudwhi ch 1 s s%H ofwhnr oiung hF isgouaree B4 e nd-6nb &s gur
s| optehpdsfabehave gpwae@hoseta%asgf OYoung6Bh enomdeurheun t
rotation plot with the slope for the plastioc

wi t h tihme retxspréeasnu Itthe ones with the sl ope of O0.
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------- Experiment
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(/W) imawow pazpuion

0.05% of Young's Modulus

——— 0.10% of Young's Modulus

0.50% of Young's Modulus

Drift rotation (0,)

(O
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Fi gd6.eo@pari sonroft amobmaentel ati onships
materi alt rat mescsu22@1 fopedihme 1B
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424 Me s h

Sensitivity

To
Fi ril@%, of
same me s h

col umn viigled i

arr angevmerite

nt o t

t hbeot gomr tt éaeo lod mn ,

col umn,

me s h

at whi ch

t h

hr ee
t h/e 5%

find merssh aeadprefri gbhodt f bar ent
tihee ws @d hf or

e Ssi ze

of me s h

over t

papp$siadd

ane hded fh

inse sahp psbi fzeed hoefb witi Tchti%r d , t
dtihizxck d b & n 6 Bome
upway dibrethal f

and afhetilsdet zherfeofra itthi%mad fuppgdert hhasc¢c ol o me

si ze

of 2. 5%

of t h

e

tM/epb mesmintio en Nd/epmk hlea st sucnytcille t he
reachesamfeabdlraaed2Gbrspgeei Bedi ikEpradiz®anelsd

wi dt A otnsp aap slome d ft o

di fferenti deessh npl&agsuSpee ci f itctad | vd i muhme dr i f t

dri ft

meahr ipéd A Na U t

prodHowd® emor ¢

pr d wirdex aanpd

tham/ & di ffe

i st mdhe

com

43. 1t 1 s aptphaer efnitnetrhamesh al ways
tihrd type of mesthescssasngeimendt i | |
as shown-3i mnbdaBBligudher4 are | ess
at the MaMi mooM/ ekl ast cQ4l eadbkeébweed.t he t
me sthy pe mbdld e le stvheer ,t hi rd mesh pl an
fourth one.
1.2
%
0.8
TN
2 = 2 s
§; I' 3 f EE
E | F E2iS S
2-0.12 -0.08 0.0;&;’ 0.08 0.12 5-012 -0.08 '3'{172!/’ 0.08 0.12
= A = LiER
4 i
- : S
7 10% > T 10%
5% -G8 5%
----- 5%/7.5%/10% N == 5%/7.5%/10%
— —2.5% — —2.5%
-1.2 -1.2
Drift rotation (6,) Drift rotation (6,)
Fi g&ftBhe effect ofMmomeresolt astiizoen dre-Btalel o -8 806B8b) Ga) S
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Ta bdt3eCo mp a rso Baxi M/ nvidcat Malke mu g PMd WM BItavsCy c If g S2201

Mesh si z 10% 5% 5%/ 7. 579 2. 5%

Ma x i nVJ/ nM 1.07 1.06 1. 061 1.057

dat the MapM 0.025 0.028 0.028 0.029

Pedk pat | as

0642 0569 056 3 0551
before 0.

1.2

0.8
g —
S
=
& 1
= T )
E -0.12 -0.08 .04 0.0 / 0.08 0.12
E ] /
] — -
-
'z ]

5%/7.5%/10%
— —=2.5%
-1.2
Drift ratio (6,)

Fi g48 e Compafr itshboen mesh sensitivenemsshes@2®1 t he s

38



425 Val i dati on Results

Theal | da&tsiudn s sefctdgione cpb iimhesrstt Bldl ptyaait @ 00 4)
Kur ata etarsehown 2P#2ylrhee accuracy of the FE moc
compar imimuen mome,nttisearemgt twhhehatxomum mom
strengtahntdhpeecaik smo me nih scoymenegst bef ore 0.Tth4e r ad
mo dse lud@® dnot captuhe modeill s skd emaikedadequate fo
studygudbecfracture i s arcets ponpectadd tthe dcerhior anad
(around. 4% dri ft)

4.2.5.1 Overalll Behavior

The compatrwsast e esapionse of eaa@amdcdlEumodspe aie
arsehown Fi-gureld -%i gthree hdor i zonrtoatlawdxoimdh i s & h
normalized | ater al di spl acements of the col un
t he rtabbeeadofhg moment to the pl amdmentmoime nme a g
at the co,]l vaamnd btohtet opmt ast i dytmondeesntt h 0 1st. cad Aclaud tag le
the bending moment i's the summation(Heél tdoe a
momeamnqg the shear force mul ti plciheadhagieyse vt direy atcit 1
step. iOveerrcall Uded tt hat the finite el ement mod

and replicating tittef 6uimht e r ralpitsnedinege slheead b s e

1.2

_____

-------
[

v q i 0 N
-0.12 o8]y -004 flog gps 0.2
i | f i/ ]

Hi !
F I 1] 1 |
] I

a2 b Experiment a2 Experiment

FE result

gc FE result Gc

(a) SpeciOmen S (b) SpecrioBen S
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12 b e Experiment 12 b e Experiment

FE result 6’c

FE result

(c) Speiomen S (d) Speiomden S

a2 0 - Experiment Experiment

ac FE result gc FE result
(e) Spe8a@iomen S (f) Sp€8o0Men S
Fi g&9 e Val i datisonx rsesewli tme nfsor

4 .. 5M&xi mum MomemanhdSAsengthted Drift Rotation

Under combined | oadings, the interaction b
behavior and strength of a member. When the
mat eal yields, and the member dodbessnpnothétomger

moment strength and the danfbemgboaethit onsasdocis
per forohandce mMabdbBle hows t he ¢ dwmegpiamu 10 msotoréenntgt h

di vided by pl adteitomeneeamsd n arnéddhod d ssg s b I5e shows t he
comparison of the drift rotation at which the
results and&r BB amedddadqqEwh)aantde Eqr eg gecti vel y
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Ex ceptl 7f0BLE Boalemmat ch
wor d-$7085 has

mo d e |

i s

and
| arger

t ha

t he

n 1/ 15

| argest

wel |

expemasmehowh. Ithehdel & i L &

wi t h

t he i emx ppd rhiem
errorM/idet weedr it hte

thanual ,

when

[
t

ofurnfhaec e, etmreaart s M eernggd hs loena |

negligabdegadareand nter poAradgque,SinSEeEGE redl ati ve

t hick,

el emeymte i ng

wi t h

el ement

t hickness

t hat

I st h&e#t mo st
| i nearaygiivtearcgalrattiecom esul t

Oii ¢ b ZpmT (4-5)
Oii ¢ib ZPpTT (4-6)
Tabdde CompaMaxsiomu gbfevt/ ive e nExFpE rd me n t
Specim S170] S170] S220 S220 S330 S330:¢
MaM/ Mex] 1. 05 1.01 1.02 0.95 0.96 0. 84
MaM/ Mrg 1. 06 1.00 1.06] 0. 98 1.03 0.93
ERROR 1.% 0.9 4 1 ¢ 3.5 ¢ 7.% 10 %0
Tabdse Compad:ats otnhe f MapbiemwreaeM/ ME and
Specinm S$S170] S170] S220 S220 S330 S330:¢
d.. ek ad 0. 05 0.02 0.02 0.01 0.01 0.01
d. {er adl 0.02 O0.01 0.02 0.01 0.012 0.01
ERROR 56.9] 28. 0| 13. 8 15. 8] 31.6 18. 2
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4. .5StF emgghadati on

After reaching the maxi mum moment strength,
and strain distributions within the sWhcetni on,
the strength deteriorationoicriutrisat evhi,i cdt alrea d
and gl obal fl exur al buckl ing. L etchailc kinltecsks| ir nac
b))t and is |i kely to occur in the web i n the 1
compression ()ZhaoGkobal .f1 @005b6al buckling 1is
| ength over a gyr alhron afso udi stchues sweeda ki ma xG hsa p(t €
the tube sections have a high tor snalnabucklifr
is not |ikely to take place in the tube secti ¢
capacity of el ement decreases due to the redu
section, and the catemhsegmadbelr| gtdengthoove
they are not able to sustain the axi al | oads,

Il nhis reoe@ardmter est sr atraet ihoonw orfehl eatt meomesmito Ip u
changeg dbei |l oading h-bstklyngntehsavd tbihem podlod n
is going to ook sl iwle.t hwirfhluesk ¢ momma natnndg tditrb ef gt t
rot atsomeg cl es obtttae nexdp drmriowmmeinh at hnoesds u trilboEma it h e
modelFs g4 @nd bB-&s h adavpee anlo memar mal pta@adt bganndo ment
the drift rotfdiperc Si2vE3dsTo sme mo ynte in & rregdt uhcf trioam st h e
FE moaselppl astic dedoemani gonodeaghrepment with
For exianmptlhee, expteheée meapiiadk piietsttthree f i rst cycl e
secogmdlse 37.5 %; thw MatibeeftobBéehpgake at t he
53.8 %; the M/afhito tdfe tthe sppeak cl ebetfoo rtehiels. o00de ra
6 6 %38 Similarly, in the M/iBfPamodekeésfitéde cpatl e
second cycle i s 33MR2MW, tthhee friartsito coyfc Iteh et op etahke
49. 3 %; the M/apuito tdfe tthe speakcl e to the one &
61.5 %.
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M/Mp
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-0.12

0.028,0.729| | 0.028,0.641
08 | fF
'-' [l
Hi:
AT 0.030, 0.456 0.028,0.428
iy
1
4140 ! 0.031,0.337
!
I HH o 0.028,0.325
Poge EEN A LR R Y I 0.041,0.242
Py i L i + == it
Vs + 1 e 0.038, 0.247
1 l I 1N b
HN H ¢ Wi Al g
il A VH A
-0.08 e )] iy 4 0.08 0.12
- Wi
i S S0 ]
i i 5
fllo
R T
;
]
!
!
{
o
H
o
i
L Experiment FE result
0,

Last
before 0.0¢

Fi rst C

Second ¢

Third cy

cyc

Fig&X@ Progresdieha ¥iowrd&piercg me n

TabdeeCo mpar iSsromDepgfh adaativie @er i menModaend BBr S220
Experi ment FEnodel s
d(rad) M/ M d(r ad) M/ M
First 0.2B3 0.729 0.8®2 0.641
Second 0.®m3 0456 0.2@ 0428
(-3 B %) (-3 3 %R
Third ¢ 0.031 0.337 0.028 0.325
(-5 3 %38 (-4 9 %3
Last ¢ 0242 0247
41 .
before 00 (-6 6 %8 03@ (-6 1 %p
*The wawl tbhi n pmrendsdneouend of rteldear crhoMdaph tf rtolme f i r st
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43. Parametric Study

The gobhdarodmet r s crtesattedynew proposed highly d
for tub.e cdlshenmgsal i dated FE modeling approach,
l ocsdlendbd)hddmd os!| elnrer aesds akPaRvilldader atrieat(ed.
the critical axial | oadwillt i lbedretnfd athiwsoe sp & rhfeo
criteria (specified amount o f mo me n't degrada
Based on the damuwul tfirvwar iFag rembrgesglirse, svgiifolm bhet pamf
equation t o tAhe trhessewelbthdsom fhitghhilsy duct iwlié |l slbend

proposed.

431. Numer i cal Model i ng

To invdeff grnebmtehtawpeos ,ofa number wefr eHSSe | ceoclt ue
andubjected to a cdanbe meld laxa dal p-esdomconatoy lcs liungu Inagt |
The feil mimeadtelappgoach i s the same as the appro
The same el ement type, material, boundary con

4. 3Sé&ctfainadn Materi al

To i nvestrifgoartnea ntchee opfe col umns, the test spe.
width and thiclreésMneels tt hnea tcrrioxs si-& Sliexs csre cbteido n
with different wi dt hs, which are HSS4x4, HSS
c hsoe nDi fferent thicknesses are employed to th
HSS12x12, two extreme thickr/egisnsetso ald ei m.ppl Fed
and HSSBROXx1®&nd | in thidkness a tleeded dnmed Wwand Mh
is the clear distance between webshils®stshd hama
condition of di stance but bet wetes ftlhengesigm
thickness which is wusually taken as-3D83 of
Secti owh&n4FE model st &ee Ab ang adstehd touf 8itcnog m mwh i s h
Bis the width measur edhef semttiloem.outer surface
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The material for parametric study is select ¢
2201 -22@3 Sfrom the previous section. The You
ksi), the yield stress of skeaskmasi dOBaMBPani b
used and has 0.1% of the Youxntgrosi mordeill autsi d mg h it

in the plastic region.

4.3.1.2 Length, Boundary condition

I n additi otnhitokrrnéises wi attiho sr, a tLidj@w hgil cohb ail s stl heen d
of the cotlounknaaseu sg haft hgey rceotl iugna | s@®rcit Blibunsn, t h e
t est gmavterni xi-n T ahbrlfedecd lethierisg lutc h  ang10 3 ,f @ §m (597
ft)or (®f 1afrsee | etcat eadxtaomvme gl ob al sl endelraetsisc r ¢
behawfi oad ol Rmonarntdyl &Wi | c¢c(h200sle6 )t he s ameT ltsweltunonf he
moddélos this pamsamwmevinr igogiapthb & uwwihg ch pl ot ® t he
t hi cknebg)st vreartsiuos (t he gl bkhal sl enderness ratio

Theamexédeeundanysatrueonl i tzled s deol teeme nt. Troed e | s
bottom of the cal bmei kstraesasltatnedal ,amwdhirl et a
the top of the col uman dds zrfereandd otmoo uttar tesert dd betahea eien
Fi ga4X2el |l ustrates these baoufhitineirtye ceolnedme n to nnso daepl
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Tabdt7eATe Mat r iPar faon&t u d yc

Specim¢ B(in t(in| L(Cft ry(in b/t Lir P/yP
HS S 4%4 X 4 0. 11 10 1.5 31. 76 LG
HS S 4%4 X 4 0. 11 15 1.5 31. 114 LG
HS S 4%4 X 4 0. 11 20 1.5 31. 152 LG
HSS4%4 X 4 0. 446 10 1.4 5.6 85 LG
HSS4%4 X 4 0. 46 15 1.4 5.6 128 LG
HSS4%4 X 4 0. 44 20 1.4 5.6 170 LG,
HS S6%6 X 6 0. 58 10 2.1 7.3 55 LG,
HS S6%6 X 6 0. 58 15 2.1 7.3 83 LG,
HS S 6%6 X 6 0. 58 20 2.1 7.3 111 LG,
HS S 8%8 X 8 0. 11 10 3.2 6 6 37 LG,
HS S 8%8 X 8 0. 11 15 3.2 6 6 56 LG,
HS S 8%8 X 8 0. 11 20 3.2 6 6 75 LG,
HS S 8%8 X 8 0. 58§ 10 2.9 10. 40 LG
HS S 8%8 X 8 0. 58 15 2.9 10. 60 LG
HSS8%8 X 8 0.58§ 20 2.9 10. 80 LB,
HSS10%1 10 0. 4¢ 10 3.8 18. 31 LG
HSS10%1 10 0. 4¢ 15 3.8 18. 47 LG
HSS10%1 10 0. 4¢ 20 3.8 18. 6 2 LG
HSS12%1 12 0. 23 10 4 . 7 4 8. 25 LG
HSS12%1 12 0. 23 15 4 . 7 4 8. 38 LG,
HSS12%1 12 0. 23 20 4 . 7 4 8. 50 LG,
HSS12%1 12 0. 6¢ 10 4 . 5 14. 26 LG,
HSS12%1 12 0. 6¢ 15 4. 5 14. 39 LG
HSS12%1 12 0. 6¢ 20 4. 5 14. 53 LG
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HSS4x4x1

180 7
'@ HSS4x4x1
;! (3
150 | |
| 1 1
| o' HSS6 X 6xE L
120 | | ™ L
| lig! :.:

o 1) HSS8xXx8xXxE 1 _
=9 | L ae -, ! ! HSS8x 8:
- 189l e HSS10x1Ct (=7

ey ey Lo HSS12x1: L
Ir=- - --
60 1 ren®ngit® 0 Ky
ooy 11 @ " 1 | |
“T1 8, 8 1 I.: :.:
30 | '__l:.::.: P .
l__|\_J | I
. HSS12x1z | L , ,
0 10 20 30 40 50 60 70

b/t

Figé&X¥el ected section parameters

Figé&XY28oundary conditions and mesh arrar
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4. 3Bdading Scheme

The | oadi ng accohnebmen a d viodadckisng sequence whi ch
| oadrfireadmPy® o0lPFPandd a | at eriah c rdeugppiltrogrelm@mat i on
The daxiriade agpl i erde ft on @ dvdee clhodastned he mi ddl e of
t apThenhcey cllatckirapl aaeeeatpglti erele seamence node.

Dri ft protocolyargshed mfad4d-8atnhdi sF4-8§tuulde b4-8e
summat heestory drift sathdoFgdreawanbtieidetanf t ¢ yne |
hi stdhe drif #413iirs kiadcud at ed based heni mnei <ol
computedlosasdnggt hhat 8ahofs CGyzstegqgubboeadbagn devel
andseddiffofrer ent structur e i tbyofdedxspelry meaamd r ¢ € s
comput ati ondlewembb et @PpP@iB8&rdi ftth | coadowgdp y-otamado |7
t ory BdRByFp e rbsuiibljdeicntgesd t o 20 gKroauwidn kmod ri oent rael
as usaemle tlhoeadsi ng protocol] skRimdhastdeebnalbsweany {
ave applhiee ®EBiFg dliwmkn c.oRogat i @mamnd d&p2p0lliee)d t h e
ame drift | oading protocol-fltaonge mpaltwmhn .nal

15

=
(=]

Lateral Displacement (in)
[%,] o %]
=
===

—
-<
=3 >—
_
[ —
—=
[ —
—
<D:>

=
o

-15
Time (sec)

Figéx2yclioading sequence with | ateral
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Tabd8eCy clloiaadd Benqgu e nclat wbishp | ac e ment

Story d(rriafdt Number of
0.001
0015
. 002
. 003
. 0014
. 005
0075
.01
. 015
.02
.03
. 04
.05
.06
.07
.08
.09
.1

o )
o|lo|o|o|lo|lo|lo|lo|o|@|o| 7 |P|P|@|°9].
RPlRr|lr|lr|RrlRPIR|R|R|MIMIM MMM o|lo|lo

4. 3Fai Bura Criteri

Twoaifl ur aarce idefriinevthettd eirddrmtei fcyol umn f or ms &
and at which drift rotation the HSS columns f
failure crit¢dl)0a aread udketfiiome d na ¢t :hteh enolmesnd «afa pta
and (2%% 0al srhatrite.ni ng

The momenn Wreaant elNstewke Iy and. Uang (axkQénes t hat
shows pmluxzgtiile hinge performance unti |l the peal
dr ops 9B %ol ftohmea x i nmommefnrtom t he .entiThe €urvbaest d
achievetdhédef®®%emoment reducti on ococfurtshe sc odleufn
under the fiornst Thel akxealcatahssrn daepmip pyosietde rbiy
Ozkula and. Whregqn (t2@&®18&)ol umn sc oanrpe esusbgplec e et heo
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|l aterall yheispltaced]| di spl acement of itnhdiadl u
el aaxi al shortening caused bladtdh &i inoan asdsatraild e d

def or mati on wheéu rnt cheer gdooel nugnonmb i ned | oadi ngs. Th
column under theomecdefli hadifmastt &eoet actoilounmn c
withstand until t he axi al shorernenadsr &8s ab&i o
original column | ength

The moment at t heM base cafEgil)ea Thead!| axan® il s | oad,
the compr eapiltvoe dfhoer crei ddl.e heT | adleF anihst ®of oe ¢ e
i mpos & treetfoer en cthaod duenmvohfti @@ q uisv at ereeta cft d rome
meagdane the cobhomordobhgomo t he f.opGeaziesygutihe br
l at eral aitsglhaec d men todnectiihgs tclod uvmene miene @ls udiesip laa
the col Bmmcteog he exp atsbeadrdgepf ti sr whatcihoms, up to
t hseerdr der,catuk e diteb ya drdo me rotn ad qawaflalrtcoe tnmuel t i pl i e
hori zont alnatdallsspd akcreamwdre | & sa, nteltedl Rt o befTheohsr der
term (4)reedg.l ects-ot der .s At bhaidgh laoxaidasl c aauxsieal | ar ¢
def ormation of t hec tchotl uemonnge hat atmi ghe a&bt umn b
every ttime odleypnme alseunrgetadid tii 91 i ed ,bytahtetined | abet h
moment calscsleatni om t hed-B.edotna ttreatm time Egi.gn o
i s anoays as-7)tbus i a8 #qte(mined by drawing a

col umn.

0 Lz 0 W (4-7)

The procedur e ofcampaw ittoy fhansde d hoen dirhiefal 0 % mc
willexlpéai ned Finramtb,merndptaartti.on cufrvemi fsi mibtteai ele
anal ysi sNerxggpeolstist.i ve peaanomeagriddoiuvashar kwva d ke d
col orelds asEF£g.uBbepnoi nitrst @efaeetdbbeweed the cur
t he -doal suhewlhiicéhpr eben®0% of . Gdavk nmdrment a stabl e
i s formed at the column base after reaching
l i mited and mar ked Owmitt hs Emapgbebnett ab aarsgteesrti sdkrsi.f t t
up tthoe ear | i enstt sOtOr% nmdbmes en as t hel@¥%omentcapa:
reduct i omhiccrhi tiesr iha,glell i@k eadx avnat $he sahown -in Fi g
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14HSS10%et0k whn chfi sl d8g and subjectedftid5a co
ofaxi al y h atslde lcdargpidfectii U .a@ accohdi A %t mo men't re

criat er i

I n the hysteretic curves, if the peMdkMmomen
is close to the unity), the bmembear scabll ¢ pdwas
seen i nldFi g Hoeved er , a-$5, s e etehnei inpf eFaikg unmoemednt st r

t h®pnt hey appear to form a plastic hinge as wel
bottom regions. This i s explained by the fa
capacity whresn atrhee sowebmbeecnteedd bteondi.ng Rord asaxamp |
seen inl5Ri d0fe 4 onglach¥;smbj ebtPEN&St ca dri ft cap
0O0® ad before the moment strength degrades bel

Nor mal i ze dM/ o me

-1.5 ' : : : : : :
0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08

Drirdttatd)on (

Fig&Xx4 Procedure of defining 10% moment r
(ertSS10%wiOxh 3. 05 mwh B {F0).)1 5
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Nor mal i zedi/ Mo ment

Drir6tatd)on ( %10~

Fi g41T% 0% moment reducti ofdswdrtiht dr=ida 05en=D0H3)S 1 2vhle 2

The. 2&%isdlor tfeaniilnugmes cdetferramh@edxi al-rdedodoir nat
ur vieh.e akomatceanatmgefi nde dsargest drift rotati ol
efoeaching the crita@a25% i axi alssokvorp4l®di nvg t it
hows the crfaXaftcalparcd -9 1u0mnl10sxubj ected to

ompressive, ywlki din agslf®oa,eei f t he analysis stoy
xial shorteni c@l manil dskioedlbyw) ctkdd fod d a@ey.r m Thfuisni

he drift capacity according tas tthhee alxd rad e ssth oc

» O »Ow T O

—

the column can resi.st PBPeoef asg smiephe dleRlIBy il axytdo
col uniSSB™8xubj eb6We dft @aompr es shiavse ay iderlidf tf ocracpeasc
r aadc cor dhien g0 .t205 % axi al shortening criteria.
The drift rotations determined by these cri
capacity thatfstichpaaltpwsddfPoi "led as the crit
di scussed further in the following section.
to use as the drift capacityggtaot gl edr afGti yvre®10 &
the fact that it iIis hard to separate the el ast

f ordecee or mati on cur ve, the total dr i ft i's util:.
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shortening

Axi al

shorteni

Axi al

-0. 080. 060 .

Figé&x® Procedure of

04-0. 02

Drirdttatd)on

(

defining O.

( emSS10%wiolkh 3. 05 mwh HO{H0).)1 5

-0. 080.

Fi g1 2. 25%

060 .

04-0.

02

Drirétatd)on

axi al

(

shorteni

( ertSS8%WBixt 2 Owh e/ R @) .
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4. B3Résul t s

Measured usingdtda®widoname at S h dvrdt oetna | o diddrcirfittse r
col umn fsoectviaon ous | evels of appl 4@ dNoatxe atl h dto e
t hder d &t a wipteshc raihpek c |l udedgfeemi on amalygsi $icana
di ffer from otlhaest Idyp,d éttlmeedi Ol ti phe cosme pef som el a
deformation idefdtooemadbi@abmpll ardetglirce :nsi ofi qaM4l8¢é ysi s.
shows that the column exhibits only elastic de
criteria.

I n addition to thtewdarfiditl,crégaacasuitrteé romédlert hd ec
modealrael sbassihfrioedyb s e he&teif @«m mesht s tdhpepe end of a
Theredi afdecasemrsopt f anl ag es argpuwdelBh ofial @ uRBU loibrad
buck( GBggombi ned yielding ¥hd dmndalt opbutcaPhbnde (
from ndfream,l ur e (@(bERYO dtoratt hcean carry the given
without anwodeatidrumiene dan(dND) i tsh albsaerdd dtodbrd et he ¢

failurwa trhodéhe naked eye.

(@)
- 0
=
[¢}]
o
< - -, _______ 3
" 0.2
P
x
<

-0 . 4§

0.1 -0.05 0 0.05 0.1

Drirdttatd)on (

Figée¢drt@®& Example of the drift capacity fron
(ex. HS\ME4txh4 xL =15f=t Owhlesn P/ P
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S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+6.667e+04
+6.115e+04
+5.563e+04
+5.011e+04
+4,458e+04
+3.906e+04
+3.354e+04
+2,802e+04
+2,250e+04
+1.698e+04
+1.146e+04
+5.936e+03
+4,150e+02

FDaqus/Standard 6.14-4  FriJun 21 16:44:43 Easter

Fi g&X @y pefsaiolfur ¢ adaimodbesbuckling (LB)

T

L +2.335078
+1.568e+04
+3.013e+03
+3.4250402

Fri Jun 28 007 Daylight Time 2019

ODB: HS510x10x1_2_L180_404K01_45P.0odb  Abaqus/Standard 3DEXPERIENCE R2018x

z Step: Step-1
Increment  1330: Step Time =  130.5

Primary Var: S, Mises
Dafarmad Var: U Dafarmatinn Srale Factar: +1.000R+NN

(b) Local buckling (LB)
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S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)
+5.983e+04
+5.486e+04
+4.988e+04
+4.491e+04
+3.994e+04
+3.497e+04
+2.999e+04
+2.502e+04
+2.005e+04
+1.508e+04
+1.011e+04
+5.134e+03
+1.613e+02

S8xB8x5_8_L240_404K01_60P1564056498.177.0db  Abaqus/Standard 6.14-4  Wed Jun 26 20:36:02 Eastern Daylight Time 2019

tep: Step-1

Increment 2514: Step Time = 94,24

Primary Var: S, Mises

Deformed Var: U Deformation Scale Factor: +5.000e+00

(c)Gl obal buckling (GB)

S, Mises

SNEG, (fraction = -1.0) »

(Avg: 75%)
+6.05%e+04
+5.559e+04
+5.058e+04
+4,557e+04
+4.057e+04
+3.556e+04
+3.055e+04
+2.554e+04
+2.054e+04
+1.553e+04
+1.052e+04
+5.514e+03
+5.065e+02

Y ODB: HSS4x4x1_8_L240_404K01_60P.odb  Abagus/Standard 3DEXPERIENCE R2018x  Mon Jun 24 16:18:32 Eastern Da

Step: Step-1
Z Increment  817: Step Time = 79.46

X Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +1.000e+01

(dGl obal buckling (GB)
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S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+6.085e+04
+5.804e+04
+5.524e+04
+5.243e+04
+4.962e+04
+4.682e+04
+4,401e404
+4,120e+04
+3.840e+04
+3,559e+04
+3.278e+04
+2.998e+04
+2.717e+04

BEx8x1_8_L180_404K01_90P.odb

ep: Step-1

Increment 34: Step Time = 4,1863E-03

Primary Var: S, Mises

Deformed Var: U Deformation Scale Factor: +5.000e+00

(e)Combi ned

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+1.913e+05
+1.757e+05
+1.602e+05
+1.446e+05
+1.291e+05
+1.135e+05
+9.794e+04
+8.238e+04
+6.682e+04
+5.126e+04
+3.570e+04
+2.015e+04
+4,587e+03

ODB: HSS12x12x3_4_L240_404K01_90P1561599121.871.0db

Z Step: Step-1
Increment 6348: Step Time = 44.26

x Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +1.000e+00

(f)

yi el di ngo-h d

Abagus/Standard 6.14-4

Top
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f

Abaqus/Standard 3DEXPERIENCE R2018x

ai

Mon Jul 01 08:46:43 Eastern Daylight Time 2019

| ocal

buckl

Sun Jun 23 22:28:48 Eastern Daylight Time 20

|l ure

(TF)

ng



Tab#oeSu mma Dryi Retfasc hed TDweoB/ ek FamlfGrrid er i a

Speci men b/t Lir P/yP dmome ndOaxi al s IT\/IaoIdIe
0.15 0.05/ 0. 05 LB
0. 3 05® 0.®5 LB
0.45 04® | 0 4® GB
HSS4%¥%#uX0 f 31. 76 .
0. 6 0.2% 0 .3@ GB
0.75 0.01 0.1 GB
0.9 0.00 0.0 GB
0.15 0.9® 0. 06 NM
0. 3 0 .5® 0. 0”5 GB
0.45 0.3® 0. 03 GB
HSS4%¥%#uXk5 f 31. 113.
0. 6 0.1® 0. 01 GB
0.75 0.00 0.00 GB
0.9 0.D0 0.00 GB
0.15 0.10 0. 06| GB
0. 3 0.m3 0. 03 GB
0.45 0.2°0 0. @0 GB
HSS4%ax0 f 31. 152.
0. 6 0.01 0. 02 GB
0.75 0.1 0. 01 GB
0.9 0.00 0.00 GB
0.15 0100 0. 06 N F
0. 3 0.6 0. 05 GB
0.45 0.04 0.04 GB
HSS4%ax0 f 5. 6 85 . 2
0. 6 0. 02 0. 03 GB
0.75 0.1® 0. ®1 GB
0.9 0.00 0.00 GB
0.15 0100 0. 06 N F
0. 3 0.5 0. 5 GB
0.45 0.02 0.02 GB
HSS4%#4x5 f 5.6| 127.
0.6 0.00 0.00 GB
0.75 0. @0 0. @0 GB
0.9 0.0 0.00 GB
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Tabl9e @dcontinued)

SpeCi me n b/t L/yr P/yP d(momentd(axial S FMaOIdIe
0.15 0.10 0.6 N F
0.3 0.03, 0.03 GB
0.45 0.01 0.02 GB
HSS4%a%0 f 5.6 170.
0.6 0.02 0.03 GB
0.79 0.01 0.01 GB
0.9 0.00/f 0.00O0 GB
0.15 0.08 0.05 LB
0.3 0.06] 0.04 LB
0.45 0.04 0.04 GB
HSS6%6X0 fi 7.33 55.
0.6 0.03 0.03 GB
0.7 0.01 0.02 GB
0.9 0.00 0.01 GB
0.1 0.10/f O0.06¢6 N F
0.3 0.06] 0.05 GB
0.45 0.04 O0.05 GB
HSS6%6X5 fi 7.33 82.
0.6 0.02 0.03 GB
0.7 0.01 0.01 GB
0.9 0.00 0.600O0 GB
0.15 0.10 0. (6 N F
0.3 0.06] 0.05 GB
0.4 0.03 0.083 GB
HSS6%6X0 f 7.33 110.
0.6 0.01 0.01 GB
0.7 0.00f 0.00 GB
0.9 0.00/ 0.00O0 GB
0.1 0.01 0.01 co-mL
0.3 0.01 O0.01 co-ML
0.4 0.00f O0.00 co-mL
HSS8%BX0 f 6 6 37. 4
0.6 0.00f 0.00f co-ML
0.7 0.00f 0.00O0 ND
0.9 0 0 c o-ML
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Tab9e

@continued)

Speci men b/t Lir P/yP dmomenddaxial s IT\/IE:)IdIe
0.1 0.02 0.02 co-MiL
0.3 0.01f 0.01 co-ML
0.4 0.00 O0.00/ co-ML
HSS8%¥BX5 f 6 6 56.
0.6 0. 00/ 0.00| co-ML
0. 75 0 co-MmL
0.9 0 co-MmL
0.1 0.03 0.03/ co-ML
0. 3 0.01 0.01] coML
0.4 0.00 O0.00/ co-miL
HSS8%¥BX0 f 6 6 74 .
0.6 0.00 O0.00/ coML
0.7 0.00 O0.00/ co-miL
0.9 0 c o-ML
0.1 0.06/ 0.04 NF
0.3 0. 05 0.04 LB
0.4 0.04 0.083 LB
HSS8%BX0 f 10. 40 .
0.6 0.02 0.083 LB
0.7 0.01, 0.02 GB
0.9 0.00f 0.01 GB
0.1 0.104 0.06 NF
0.3 0.06/] 0.05 LB
0.4 0.04 0.04 GB
HSS8%BX5 f 10. 6 0.
0.6 0.03 0.083 GB
0.7 0.01, 0.02 GB
0.9 0.00f 0.00O0 GB
0.1 0.104, 0.06 NF
0.3 0.06] 0.05 GB
0.45 0.04 0.05 GB
HSS8%¥%BXx0 f 10. 80.
0.6 0.02 0.083 GB
0.7 0.01] 0.01 GB
0.9 0.00f 0.00O0 GB




Tab9e

bdcontinued)

Speci men b/t LAir PIlyP dmomentddaxial s IT\/IaOIdIe
0.15 0.014 0. 04 LB
0. 3 0.03 0.03 LB
0.45 0.03 0.03 L B
HSS10%1DX 18. 31.
0.6 0.02f 0.02 L B
0.75 0.01 0.01 LB
0.9 0.00 O0.00O0 LB
0.15 0.05 0.05 CR
0.3| 0.04 0.04 LB
0.45 0.04 0. 04 LB
HSS10%10% | 18.5 46.
0. 6 0. 03 0. 03 LB
0.75 0.01 0. 02 GB
0.9 0.00 0.00 GB
0.15 0.06 0. 06 LB
0.3 0.06/ 0.05 CR
0.45 0.04 0.04 GB
HSS10%%1DX 18. 6 2.
0.6 0.03 0.03 GB
0.75 0.01 0.01 GB
0.9 0.00 0.00 GB
0.15 0.1 0.01 LB
0. 3 0.01 0.01 LB
0.45 0.8®&0 0.00 LB
HSS12%12X | 48.5 25.
0.6 0.00 O0.00O0 LB
0.75 0.00/ O0.00f Co#vlL
0.9 0.D20 0. 00| Co#rlL
0.15 0.01 0.01 LB
0. 3 0.01 0.01 LB
0.45 0.01 0.01 LB
HSS 1 2 %125 48 37.
0.6 0.0 0.00 LB
0.75 0.00/ O0.00f Co#vlL
0.9 0.00f O0.00f CowlL
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Tab9e

@continued)

Speci men b/t LAir PIlyP dmomentddaxial s IT\/IaOIdIe
0.15 0.02 0.02 LB
0. 3 0.02 0. 02 LB
0.45 0.01 0.01 LB
HSS12%12Kk 4 8. 50.
0.6 0.01] 0.01 L B
0.75 0.00/ O0.00f Co#lL
0.9 0.00f O0.00f CowlL
0.15 0.014 0. 04 N F
0.3 0.03 0.03 LB
0.45 0.02 0.02 LB
HSS12%I2x | 14.2 26.
0. 6 0. 02 0.01 LB
0.75 0.01 0.01 LB
0.9 0.00 0.00 LB
0.15 0.06 0. 05 TF
0.3 0.05 0.04 TF
0.45 0.04 0.03 TF
HSS 12 %125 14, 39 .
0.6 0.02 0.02 TF
0.75 0.01 0.01 TF
0.9 0.00 0.00 TF
0.15 0.07 0. 05 N F
0. 3 0. 06 0. 05 LB
0.45 0.03 0. 04 TF
HSS12%l20 14, 52 .
0.6 0. ®0| 0. O TF
0.75 0.01 0.02 LB
0.9 0.00 0.00 TF
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432. Mul t i vVRRegragdsesi on Anal ysi s

The spdalt hi s paardebeot rdiect esrtmiidnye an appropri at ¢
critical axi al |l oad ratio (CALR) meaniaignthe
at a specifi2) ssitgges tdrfi cdg winddealeimetshsa tl ianimesmb e r
reaicph to 4% hagkbrducdrbhétpérformance

4. 3S2| &@ctriwmdhiveetf Var i abl es

Many reseafigherstlhdtatehd plastic rotation cze
influenced by web and fl ange IGuoklni ntghtadh a do nlea
domi nant s p & ha nbeutcékfl & drdgjseinsdder ness rati o, a | oca
thetdwhdcknéddg amat igd,obal Ls)rennarermhe stshe agriiomdry
affect the drift capacity of the steel col umn

Mor edverr,e hagawué s brauemdaril ndi ngs t harte shgigwhe afxa rac

interrupt the rotation capacity of a column s

(Cheng et al ., 2013; El kady and 20 ihwes,, &R0 1be ¢
i n Fi-ame i4al |l oadi Fratashpfaiomdi gt h et Wfeaniel wrf,e cr it
have a negatilvne croenlcaltuisoinosnh,i pa | ocal -tdhli€ekdersrse

ratbijoo, a gl obal IA)rndaenrd esrs aRaijflac d(o alde rtaltd op
predictors that affect the drift capgsity of

Des pmatngyr evi ous studies that indicate a sig
capacity and sl enzldndefs2ydmaends, sEeqgqute d4dequ
t hiesl ati onshi ppl otnldoFwefygehret vwdannd er act i,whi ehr i abl
defined as products of bf heaya,adigett 5 mgabdedn dtiicoantad r

predimctiohe regression model s

6 3



Drift capacity (8)

Drift capacity (8)

0.12

0.1

0.08

0.06

0.04

0.02

0.12

e
=

0.08

0.06

0.04

0.02

- o e
o
ogo
- Peoo 8
co8 o0
" Boo o
o0 0 o o
008 o ° o o
- o
%880 o o o
o Q o]
B088 g . .
0 20 40 60 80
Local slenderness ratio (b/t)
@ Moment reductio
Fig&2z@ Pdfotlsocal
3 o @ @O o o
o
o0 @
° o o
3 ® 00 go 5 o
o 8co
- 000 @
o om®d O @ o o
I o280 o 4 o
@ o@m O o
gz Oy, ©O °og O
—m |00 Qo B ° )
0 50 100 150 200
Global slenderness raio (L/ry)
@ Moment reductio
Fig&2® Pl ots of

Drift capacity (8)

0.07

0.06

0.05

0.04

0.03

0.02

0.01

o o
o o]
ggo 0
woo 8 o
o o
o
8000 o
8,09 o
oo 8 8
° o
ggogg © o g
(o] o g
P8 8 o
&go3© ° § o
o
o 8 8 g g
20 40 60 80

Local slendernessratio (b/t)

(b)) Axi al

shorteni

s l(eébnfkg rsruess 0 brsatrivee d

0.07
® P o
0.06 W 8§ ® o o o
e 0.05 oo =
g °
g 004 oo 0od
] o o o
ot ©9 o o
£ 003 oo ° om ° 5 8
(=]
o0
0.02 ooodhxbo o ° o
80§° e o ©°
0.01 o m° °e
. %Og)ogg% gp 8 8 o o
0 6oy 8o O
50 100 150 200
Global slenderness ratio (L/r,)
(b)) Axi al shorteni
gl obal sl enderness

6 4

dr i

rat

ft

(0]

V €



Drift capacity (8)

Drift capacity (8)

0.1

0.08

0.06

0.04

0.02

0.12

0.1

0.08

0.06

0.04

0.02

00 0O 0O 0O @ ® ©

000 O O O @O

@@ o0 O aDo

g
§.

§
;
0.6

02 04

-

0.8

Axial load ratio (P/Py)

(@ Mo me nt

Fig&22 Pl ots

o o

0006

> %

0o 0o® o

| P 0® o

@mom® 0 0o [}
Ooo o0

)
om0 o

0 000
o O©0O0

o
ngggo% S0 ]

reduct

@ a0 O
(o) e}

—

0 0.5

1.5

(b/t)*(r,/L)

(@ Mo me nt

reduct

t:mo
[3S]

(0]

Drift capacity (8)

0.07

0.06

0.05

0.04

003

0.02

0.01

8 o g
o ]
o ° g .
o o 8 o
8 8 8
8
8 o 8 8
8§ o © 8
o e
°© e
8 le) E
6 8 g
0 02 04 06 0.8 1
Axial load ratio (P/P,)
(b)) Axi al shorteni.

of vaxisalls lobbasdckrrvetdi ari ft cap:e

(0]

Drift capacity (8)

0.07

0.06

0.05

0.04

0.03

0 OOSO 8

Figé2z2 Ploombiomati on

65

o O

O 00O
@ O 00O

00
[ 1ele}
o 00 O
® 000 O

0 0.5 1 15 2 25
(b/t)*(r,/L)

(b)) Axi al shorteni.
o fv eglsaursd eorbrsees sv erda tdird f t



4. 3Gneralized Regression Model s

Four regression ,medgl syead ¢ nEGY:r EGHPc ddnd Eq.
(41),t o evaluate the contribution of each predic
The response p®&8y amet eu-gh i BEgeEqg 4nipdd whidemoit €dt la
maxi mum drift rotation thatl easstaclhO% vreameuntt id
reacae25% axi al shortening r atpitder3a.sl.pr.evi bos
mo d ecitsh,r cuaghe constants to be determined0 from

i shdei f f er enc eo blsecet wes@m ntslke and t he expected rescg

The first m& deils Han mEg rt ie4uati on which 1 s t
expressions on each varia®)l ei,s aThegrmregt ésnsico
ensures | imnéarniyt o(f @mwahtrts dardjlcece . a n dioideed i ,i-InR ES5 ) (
is a multiplicative model which accounts for

presence of terms that cont airceopmwer snoctéampc
engineeringFapphidceti ahise rR2é0@r69 s sll)o ni enhoddpegld i n
based on the obssebetawe em edc ir apbbiadtid,ion®ihd ea v a
di scussed earlier.

— QO 0z - w0z — 0wz — - (4-8)
— O QZaEM QZAEV QzZaiw - (49)
— ® ©z - z — z - - (410
— ® Wz - z — w0z — - (411
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4 22Regression Analysis Results

I n t hi s rseegcrteisosni oeitshadpead yfsam dr e pr e s e nrteastuilvtes r «
Since the responses are observdigmandiiwdmedief f e
ar 2r elgr emodiedmt wi l Il be analyzed, which are a s
Eq.-8(4 hroutlh.AEqd.i s(t4 omodelss s yieomd P naddbhralbyz
regression equati onlsl @Qmlewlpe feiste nrt eeglr a svboidard | rde A1
an@wil | be di s duwsesneadir higmrges siaommd ntesul ts @re pr

To check the quality of t hso fdfciadM edNUSEiGre& S S i
coefficient (R, dentcrmidmntatmeoamresese@orceptoal [ RM
t het ec apieostvreafth uesZichees cl oser arhee aestohigbitnt sn
t he igateali ctreag rbeys ih®eR’, eqomp u b eld) ,esh eE@.r opbrti o
the total wvari ataiceomuinn erde § man des, tthheatp hiedhcgaor
oR’indicates a s¢rwegbsepheetdaanodonprinEdi.d3(e4d r es
yviis a respormse,yedi ctwids respansraldhEries pamaeth
way sthavwe di bee wernes he obser veals aenxdp rpersesde dc tiend
13) . Thulsenotdel swalkhlalaue oifs FoMIEBE erhéi obeaer wed hd at

Al s o, for the test of the sbati 9f i ddle swii greil
statistic&ahowadsessmei hoaded, svthawdalpd Bwa lfues
st.at a+wadl pSEi s t he odfeve adhmtooeh&dti cebhosvs thewf ar
coeffarceethhes mmeTsitaant i s a ratio of the differe
sampl e sets amhat hexidsti fwirteim-icelitspebdb anplt ge s et

for a gi vmeandejtt-d(tes s t)i,bathiocnh measures the strer

a result i's not justl fav gliukee | iyst blbeassst gtntoac o a n e
commonl!| yOo.ud,d agl | hypothesis is rejected.
Y (4-1 3

wh¥YYE 0 QAaY"'W Qi QQMTW Q™QI Qi { Rade ® , "Y'WQQI Qi | R&aE w

YOYO -B @ (413
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Tabdlddl Re gr e &p U atrti loants Amiall ly zked

Mo d Regr edsd eoln ParMdod e
1 O ©WZ - ©Z — ®z — Eq.-8) (¢
2 O ©OZ - ©Z— @I — Eq.-8) (¢
3 @z - z — 7 - Eq.-9 (¢
4 ®z - z — z - Eq.-9 (¢
5 Wz - zZ — zZp - Eq.-9 (¢
6 wz - z — zp - Eq.-9 (¢
7 o ozl € wzile wnzlile Eq.-1¥ 4
8 o wzll € wzile nzlie Eq.-1Q%¥
9 O ®z - z — 0wz — Eq.-11)( 4
10 O Wz - z — Wz — Eq.-11) 4
11 ® Oz -z— Oz — Eq.-11)( 4
12 O Wz -Z— 0wz — Eq.-11)( 4
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Tabdld H 2 Reglr e Ui adtd R s ul t s

Mo d | Regression Model R2 |RMSI
1 TBLX WTBI TP - ®zpmm 2 — TWAIXY — 0.7/0.0
2 I T82p T Zg ozp 1 Zli n&uwg 0.8/0.0

8 8 8
3 T™pd - z — z - 0.7,0.0
8 8 8
4 @igp - z — z — 0.6/0.0
8 8 8
5 ™ op - z — zZ p - 0.8/0.0
8 8 8
6 ™ Yo - z — zZ p - 0.7/0.0
7 mMipymBicyl 1 € miplli € mixyl € 0. 7/0.0
8 mie el il € Myl € movilT € [0.7/0.0
8 8
9 TBIYT 1B TTY - z — T3 X Y — 0.7/0.0
8 38
10 TR QT TTO — z — T8tV P — 0.8/0.0
8 8
11 ™ QX181 -2— M uvp — 0.7,0.0
8 8
12 T8 pr@i¢p —-2— 8t ¢ — 0.8, 0.0
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Resul t s 5of Mo d el

Moderesults in the r4elg),r eissi wini @ lgduett heer om engeppo nbs
the momdocrtiotne rwias Theed.catter plot of the res
variiasbldei sl ay2eé Edo e patf efwordat a pediamtgse tdhratf th ava
about ,0.mbtsihdeadpfasampgpear redbabhavel y. sSTmal VvaResi di a
i esti matOe @ Ot3we abnei ng t hreaets pdOh.sE%edft i talcece uins ed f «
predictorEqv.d4)idalbsaes, ipmr esent-2,d pivhmd @&lirlleegr& s si on
coef f,iitdhemwygare | ess itrmdinc B4 WHa | Isvhcacehf fsit @it @ rstt

signiifni ctahnet gi ven regression model

8 8 8
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0.10
]
1]
0.09 h
0.08
[m} m
O m
0.07 | -
[
0.06
=) B 0 m
& O 0
Ra? O
% 005 o Qb
2 o a
z - = o
@ o4 o g O
a8 6 _—
ma
0.03
O
og B @ 44 g
O [m] O O
0.0z _I:Eljj O O O = O . 8 O
O D% O =|
001 [ gﬁ RMSE =
I =

emeasm’ed (I'ﬂ.d)
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Results Df Mo d el 1

Mode&lresults in the reéefgweshi eameeqguwatfifiomri Eqt
RRequal24 dlke0Os8atter plot of the response vers.!
Fi gudbeEvdenughot here i s sneoongl ¥ heat gl bexkmt wrte s

fairly wel |l dehtee rdbismmexds all dohroifttedifikdbvga!l ue of Mod.
12 is smaller than that oTablldedeHo wleOv ewhi dht iiss
t hdtarage RRdbes obdt necessarily me abnectahuaste tnhoed ent
withRRYawues can d$titllifhahe @prgeadodt orlsMoadreel st a:
12, as prese-iptehder apghnudaboe &1 | r etghrrecsdsg enac ote f f |
zero
8 8
— TR pTEI¢P -2 — ™|t ¢ — (419
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oOoo = Q48
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Fig#2® Scatter plots of the measured r2sponse
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Observations from tihe HdeE qA5fFitg uw2ee ralensds iFAd g umy
425are as foll ows:

A Thlarkg/ets, the more | ocal buckling ocgcurs b
which | eads to a smaller drift capacity.
2)Thlearlghemeans that the column i s moreesl| ende

not occhre befromae i on of a staklml arLgywasuiec hi
can have significantd idfrti ftagapiatcy tiyn | dHog
mi gchame from el astic drift capacity.

3)As the axi al | oad iPnhg@Prneaasseesh)e (drefit tbeéeatvahalt
decr eacsoelsuninosr t hat haved hsedmatliemayt sections
4The expPhRndP6P is | arger than t hbajtth,of ot h
and/ () EXhlissrongly i mpt i e s patsbaaftipryehde her i ft he

moment criterion orniaxvaly shemdiethiing tco it

4 . 3ritical AxiGALR oad Rati o (

As menbebaedtical a@A R ilso atdh er ama xdi meuant ha x i a |
sectihxmnswwhi he umugpen @oid®gs! at 8ryalpudtrtii‘tdqgQ-. {4 r a
14) and-15rqarethd ram@moPn/gRk wo di fferentar@dALRasgeadt i
gi ven 16 B@d-1{Efind (4l ot t e28an ch HFRGwire s eThei vel y.
predictedr CAL® col umrwaregi aésoi shdoavml e n4t he sa
4-26and Fi2g hetlee v ICApLaRdjuat i ons ard idreadwen aansph etatsend
CARY these shoad®i polSkesies gslhattisat t here are no c

in Tabhatd4dcan withstand Paxi al | oads greater t
8 8
— p T™WPpW- z — (419
8 8
— TWPYXTW®VF -Z— (417
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44Dev el ipehl y Ductil e Slenderness Limits for H

Ther eodreferent sl ecnhd earrnee sasp plliintiatbsl ewhtio HSS
previously discudg4s2efdr,om hAel-156G r3sdnldonh dei st4)Egnd o
proposed based on available | itdrastturtevo( Leiqgumad
arkeeq418and E), Whidihebelfapenheekittgr essisanmg hmadel
Mo del 5 and Mordetthoslk srdern merss | i mit equati ons

and comeaclkddthlkeenrp.r bpekedder nes sevlail miattse dwi | | b

4. 4.1 Comparison of Highly Ductile Slendernes

I n order ahogprypypdsesetile sl endeacamnresisdelriimmigt |f
buckl i ng, gl obal slend@ggdasd , Elwd( askbdin laoad
similar way dios g®t bwithieht 0@ltAdrda,d t h atto tiast ottheet febxnp e
capaati twhe mlheasac besiltdieglelde dudmgiigdand (EH8§).
arrdeor muiltaot eE48) and EI§),r e(sdpecNovelEygh-a8( 4i s deri ve
from the predic-fi4,wkbi elfudeéef ones Eghe (dri ft capse
reduct i on ofnaAll sikog,e-19Xidsi tdeervialdopdeldy and t he 0. 25 %
short enicwrgotrie& g l-1Badn d EI§). s(hdbagt! ob al sl ender nes:
axial Ipdad raatsigni fi cant r oltehiicnk npersesdircatiinogs .t

Fodi f fle/ftemtts for the HSS col uMmiBs a rCeo mplaatetde
tohe srnedigmd grewnldi desh@mrmet hhei gohl elsdrth t nsonka | al £
axi as$ |wdsdudg ytelsa tsA-ffagn d. Epjar e over c osnnsaalklvat i Veads
Al so, at hggédatéiPdd/hth miatd$-18 & n & 4Lt e O d lotwoe rb e
t han tohbg 4e)ensd. 4y | nt er esE{dY gli®s onA/yPsvalldasds itfhe

0.A8gardless of the section properties and co

- C® 0P — Zp = (418

g 8
- =7 P8 X eCH LK — (419

74



100

90

80

70

Eq.-194
from Moc

40 Eq.-18) 4

30 from Mo

Slenderness Limit, 4,
th
(=]

0 Eq. (42) from AISC

——
10 K Eqg. (4-1) from literature
0 _
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Axial Load Ratio, P/P,

Figé&2z&  ompari son of vwheEmae0ogwDik|siLFF8tn d

442Eval uation of Regression Equations

To evaluate the uskifghhesduotfiltdhedHIPEBOPdHsRd
sectciodmutmmat are not used in the regression a
model s and compawvead uwist H rtohme t drehp s enyer et si soi noend naoh
he CALRsaesq uaatfiubnatnld/cerr eo fo mtsa Ed4¢an d (HEd)..As
seen i fA2fTabl B%86oxi6uxnns, the slenderness | imits

—

—+

hceol umn | engt h.

Let 6si5fttakeng Y4493 udmEXx ex afps ed on the devel o
equati o, abag:-1EQ4 t héy are exPpwltitlead uroderugdian g
drifts up whi ObDelwhiadgdsloe.FAguI® dlescri bes the d
the col umn came acthhifeagr Eubef ormtC@hamt gdrewl in&ldl ii 4
obtained fromTeh&@EFEemotdébksabout column behayv
l evel s ar eéAppreende xt Ad 2i5n and AppsediBP| BwEBguUIt &«
columns ar e -G.uhy & dhteeyd ctacm ;a.chi eve Th.eG 4 ftroaaka, o f

beoncl udere tphretdi cti ver CALRe egpptopnsate CALR
columns deard oppleel sl gndreeasecrsalli ani b &hoe rt hbaotu ntdh

column can exhibit highly ductile behavior
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Tabdle2Ev al umft Rome e €pU dtni ons u'sfercg CHISIBAXS X

. Expected ExpeCAER
Speci men b/t Lir U s iEmg -16) 4 U's iEmg-17)( 4
HSS6%B1X0 f 22.8§ 51. 3 0.30 0. 30
HSS6¥%B1X5 f 22.8 76.8 0. 32 0.25
HSS6%BX0 f 22.8 102. 0. 33 0. 38
140.00
120.00
3
< 100.00
E
= 80.00
¢ Eq(4-18) for L/ry=76.89
g 60.00 Eq(d-17) for L/ry=76.89
= b/t of HSS6x6%1/4
% 40.00
20.00
0.00
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Axial load ratio (P/P,)

Fi g&29%1 ot of develsbeddbaris oyt DSt @MHdcex|! umn

e
=)

e 10% Moment Reduction

g' 0.75 0.25% Axial Shortening
= I - T critical
= 06
E
T 045
=
£ 03
[
T
2015
=y
o

0

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Drift capacity (0)

Fig&#3@® Drift capacity det er Biitn éHd®d B ExWwoa mhai | ur e
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5. PI NNBBBSE DESI GN

To create an effective pin at the base of tF
the base connection, minimize the rotational r
of moment that iI's generwntetd aantbe bhagkecteaed
col umn &egirhseh olwtsy pac ohbumn base Fauwgrei t i oatr ands
possible base detail. The subgrade is placed
and compresisalbl es matapped around theloot bhme «L
cadgehbe base connection is assusmbeét tdhi beEmessnoo
compressible material can be calculhatedrlnans ¢ ¢
top of the sl abSit nitet htteviggs o f u ;md ati g @odhteyy col umns
carry bendi nduaearedyg ssesi s mHowewvieftthattéats tahsesu
axial loads act throuwgh,itonei cekneéebhboddmetf ded e gao
axial strendmbieiimeIADByDr pbiansneedcol umn desi gn.

There are different approaches for designing
restraiaptpproa®©hei s to make the base plate as
bolts as usrhebwbn Iim thigs case, the base plate ¢t
the necessary area of bearing,thetappeodahlsé
the rotational restraint and resulting moment
calcul ations, finite element modeling, -or tes

negligi bl-fel exuhrea ii@amtiadhaoul d be nchecked for the

//L/

Compressible material

Tube c+—-
/ Sl ab or

Subgr

AN

PR R
AN
PRLARARAR

L S

2
N9
AR
SRR
R

RN
SRR
DRI D)

Large base plate that is thi

FigbrRossdedtlaei | ing for pinned base
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I n thi$sheeeffifects of column base rotational
examitrhedugh FE modelTheg mae sulgmée samoosiaabénavlh

stiffnestso iosctcluirkhel bammea ciditae e | HSSTlkehumas f ew

gui dfloirnesel ecting a base connection for the H

Let 6s takasa®f elxla mPsee BxiB&Xonmn subjected to 1
| oads combinedi Wikadir 2t.hle% csoihéswwmym gidye d yn,03dpu3 s E,
ksi, the yiel d .kbsr awmegtkhi noef masttiece | h & rsdnvebm icphg hnaast €
00% ofhYoungds modul us for t-sBéerpl ast eltnatoergdnesrh it
flexible basatpdabyg, uswao gpeth,bdsT7 ak sma t

mo d e | a
Youngods . nmdwleup | at es are 2 fits wihd en Tdemdotubg.ddn i n

onef uffsi x efchteo p ,wohnieczh iins f ar fromsthe edotttoomhml| dt
bwsing -tsaiurf fadeeo pdd nthascon, otrod emodel amchonkibodgt s
t wo plabasedphppamfasteners tbaetabhaeadMhd cihn r a

i 8in fatrhcebromr of the plate.basEheal athoovrnme ch  Fh

52,and t her onoanteinan rel ationship o03. this col umn

N
y

775

N
N
NSy
N,

U, u3
+2.912e-03
+1.002e-03
-9.070e-04
-2.816e-03
-4.726e-03
-6.635e-03
-8.544e-03
-1.045e-02
-1.236e-02
-1.427e-02
-1.618e-02
-1.809e-02
-2.000e-02
-4,173e-01

N

CLT77

Ny

(LT T7
e
i

F
r 171117

ODB: Pin_E30457.0db Abaqus/Standard 6.13-1 Wed Aug 14 14:08:33 Eastern Daylight Time 2019

Y Step: Step-1
Increment 207: Step Time =  2.000

X primary var: U, U3
Deformed Var: U Deformation Scale Factor: +3.000e+02

N

Fi gb2e Def or med athi acdBedd eatl p | &S &xdxn col umn
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300

0.021,
g 0 259.302
=
2 200
g 150
5
£ 100
=
= 50
=
W
/M 0
0 0.005 0.01 0.015 0.02 0.025

Story drift (rad)

Fi g3 e Momentati on ¢ widVve HASRETxBGoms col u

Asl ope of -rtohtea tmoome ncfurrovne trhees uflitninige ebesmedeéer ¢
ad he sti fefcrod sasnmwdifisc hdho mp u t4e8kl i-ipmmss hto2wn3 {(54). Eq .
Accor di ng-3thoet Fiogtuartet b2at sciahf bessonsi dered the
16, 92i1ln kagp shGHNn i ®BiBEBge the stilfefssetdhambl ubeo
2EIlL/ Lt he column base has a sufficiexntpgiynmemhl b a
connection.

b ——— pc oo (5-1)

U g — P ¢ 0 QEHQE (52)
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6. DESI GN EXAMPLE

To il lustrate three design concepts introd
introduced and the seismic | ateral dri ft at t
buil dingoi $ aegeposedstmi c drift caused by an ear
wi || be designed using by three design approa

6.1. Prototype Building

The prototype building,takewnfromFit f@O0dax§ mpl
with some minorembudi Ffdicag i osrsmeanThtepr emparlds er
buil ding with a wood structur al panel roof di
and made out of concrete with 150 pcf wudit wei
roof structureo which consists of OSB panel s ¢
is 30 feet above finifscdotf |ltomrt seurtfoap eo fwi g air aame
psf dead | oad and 30 psf snow | oad.

i BAYS @ 50-0" o.c. = 400'-0" i

N

T ! s T e

CONCRETEUR I WAL

200%0"———
i)
]

ﬂé STEEL COL JOI ST GI RI
o = —STEEL JOI-83So¢
5 E
WOOD SUBPURLI NS (
T
Figére Pl an view of the prototype bui
The example building is assumedmatpop ebde slpoeccattr
accel e&al.i vgSsddn d g. The site class D is use:

foll owi ng slkataH,coeaerfd idedateenrtnsi,ncerdd iarsg 1t. ®1 Teavidd els 5
11-24in ASCE 7Al so, thde, impofitgnueentf tbtodtratkheen r
from Talblien 1AISSEEe7used for gener al structures
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coeffCsciieqnt Q. 2&bt,i adnheofc awhciud@l) at 6r e 6@ h Bvth.eE @.i n(
the response modR fi sa#i baucpa acsobnfcirbeeteeh twatl | s car

| oadari ng, i ntermedi ate precasvi sbkbéebqeée®dal hs.
is found to beN6F&ekieps ecitmvwehiseh smi8)c. weiThet ,
total seismic force on the diaphragm which is

the diaphragm | efgttssFaggusbeo@n i n Eq. (

6 — — TR U ASCEI67EQ2 (62)8

™ 0 ¢ ASCEIG67EQ3 (62)8

8g TBITY 'O TBIT P8 p8T  THIT T ASCEIG67EQ5 (63)8

g T8t p ASCEI67EQ5 (624)38

o 8 8 8

bg — S5 TBIXU ASCEI67EQ6 (65)38
0 & v (6-6)

® 6w TRUW T8 UCQA@MON QUKQONASCE-I67EQ1l (627) 8

W PO @mMAOGT TAO p pipi 'G— QO T TAOCL O& & ichp c8TQQH6-8)

p @ TNTG Q (6-9)
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= 1644

HHHZlHHHH

400 ft

200 ft

A
328.T 328. 9

1644
1644

Fi g62 e Di aplhedirgsrmhr i bnat sohufdihi enct i on

Since the All owable Stress Design (ASD) app
design, the wunit shear demand i(SAWMECon2&Orlthdhce i n
uni t shear value used for diaphragm shear de
applicabl e ltomadt ed f ®eit s miekc6o rSdeicntgi otho 2AACE ,7 as
10) . Based on a |inear shear diagram and t
SDPWS015 Table 4.2A and 4.2B, the diaphragm na
i nbTal @&Gnd showB. i n Trhieg LcBheoSPgdSsx ar e

1 Tt T p @ NG "Qp p @m & "Q (610

8 2



Tab6lleDi ap h Naiglnscrhge du |l e

%9 Structural | OSB Sheathing with 1
ZonFre.\mi.ng Lin.e:’\I?Bioluinr(;?ir| Nailing f ASD Al I«
Adj oinit NallContinu0| Ot her E« Shear (

1 2 X 1 60 o. 60 o. 320

2 2 X 1 40 o. 60 o. 425

3 2 X 1 2,0 0. 40 o. 640

4 3 x 1 20 o. 30 0. 820

5 4 x 2 20 0. 40 o. 1005

6 4 x 2 20 0. 30 0. 1290

400 ft

2001t (6] || f] B[] 2| Bl| 4l |Bl| &

328282822540 24382828 2¢

Fig&3NMorth/south nailing zone | ayout

6.2. Dri f t Cal cul ati on

The diaphragm defl enbrbobhséswuth derkatgen in
so for gravity column design, the dri ft in t
althoughbashe Jgriaxwidty columns provide some resi
negl ecthedei mal cul ati ons. There i s ashmewnhod -
in B4)L, (whdmcshi sts of Athe contribution of f 1| e
slip and(€E€EEMAd. 2DLPpY

8 3



g SDPWS Ef. 4623

Il n BEf)L, (the distributed 3ka6piifal tdheapdhiragmr ag
Laim400 ft, the Wr2@brfagm dleept d mERWOI, ODO0o0fksal as
areacth=8. &5 amd the di aphragins scievaen giars f Toabbelae n
from SDPWS Table 4. 2A and 4.2B). m Tihe aahoumded
be zero so theel )l ast nteghes crteesdeElQt i g di aphragm
as Ep2) (6

Tab6l2eDi aphiSaegdde f or mat i on

Zon. 3l eft 3righ 3 . av LT G, UU

(pl (pl (pl p T TOT

1 395 0 198 32 24 0. 26

2 592 395 494 32 15 1.05

3 855 592 724 32 20 1.16

4 111 855 987 32 26 1.21

5 138 111 125 32 4 4 0.91

6 164 138 151 24 51 0. 71

B = 5. 31

1 ¢P XQ8 uvd Q8 TET'Q8 x& (08 (6-12
Al t hough t hdeefdiexghroaagmwi | | make up the maj ot
wal | defl ection should also be added to the ¢
defl ection of a cantilever shear wal la hsahse atrwo

component a6lpBeamdiliBqg.Eq(Th(e f-prapetosheéeéae wal |l s

significasat thhempanental force near the top of

for&as,and the | ateralcf wectgbtviest thheelFldsess sei s

328. 9 kip as det er mi2ne dwhprcehv iiosu sd al ciunl aRiegdu rwei

included half of the weight of the concrete ws¢

are |lemntimegg di apoagm mMmdtiivokYIh. 4 ki p,6l1domput e
8 4



Summing them up, the total shear wall design
P=425 ki p&lYi.n Efhe (materi al pr opoefr ts heesa ra nvda | sl e
computed fofrt twiedeigdnc rbtne thiec&kf O0O®@abbs) (9 Th
i 530 feet, MmoduB=B6 00Of kel as tsBelidbrOyOmickssu |, u st oit sa,l
inertia for adFNL62xYhéarnnwdal drsea sqfA=t2iRg 2200 g h tn

Substituté6nhdyh, itnhe rEgsul(ti ng wall def6ilgcti on i s
1 1 8 1 8 (613
1 — = (619
G Q2 o cw0f o caoen (619
QQ@n
Qe 60y ppaa™@ VP PRI 'QMTROC IR  p WPQQN (6-19
5 0 0 0 ™®® o c&QOR— T c oy (617
1 T8t ¢ 'Q8 T8t p V8 T8 0 B (6-1 9§
The computed diaphragm deflection and wall d
l evel | oads and are not wequal to the expected

precast shear walls, tRes dgifVver tlico nAsa@p.|d.f i chki
di aphragm, there is no spe@GditinedAsedil ®cus oad ail
1, conventional di aphragm design | oads (such

el astic Ilyodcksadand ma aphragm inelasticity. I
|l oads that are expected to produce el astic d
di aphragm desi gn -1p& owietdhu rdeisa pi hnr aAgSnC Er eRs=plo.n0s.e mo
Future edit rloon smaoyf aASSE i7/ncl ude provisions fo
buil dings such as this example with explicit

f acCi@irapn However, withoht agmy dedil eéance®n tamel d
take@gdiassh. 0O for this exampl e, which coul d be
mi dspan of the diapkbithgmand eRerdsséetd rat Eq. c
2.1 % sho#®.in Eq. (
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1 . S x@ Pt (619

Driftrr—&ti—es,—8 ™cpep b (62D

6.3. Required Axial Strength Calcul ation

The required axi al strength fof62kachi ceon umh
tributary aweiaghtheamdotf hesedrinow | cead.at elfhcempa

to those obtained from three design methods i

0 0 pO pPO L TIQO L TIQOPR P Q)i QpHoMi 'Q pL@RQN(62 )

6.4 Design Met hod 1: El astic Design

Thetory drift was computed in the section 6.
section will be applied to design the gravity
First, the trial?3coil simnelsénxzitegall HSaXITBa%¢ 1 i0sstd r4dedmdg t7h
kip, and PhhWeW sv ad 1.e8 %0.f The all owable axial 1| o

be 0.44, $BRPwnushnnBqgqtheé modi fi2® .i ntlehreacdad 0ing re
|l oad ratdoase@&@p,cui(satle. 39, which is | ess than t
the HSS4iOx 1O¥kown to be adequate. It is note
gracotymn in the middle of the diapr halghme wdhreirf
is smaller near the walls and thus it 1 s poss

di aprhagm span.

Mt for KIS0 (6-2 2

— — W for WIS 0 (62 3

8 6



6.5. Desi gn Met hod 2: Pl astic Hinge Design

Chapter 4.1 described how to create a stabl
rauisong 4He EgAn {HSHS:8Btx 8hka s at hfilcaknmngeles)swortiatt bi 40. 2( i
sel ected. 6RY ,saedre ivial Be.sel@t sil rendl etr mee ssr d p oni
41 is 14.9, whi#dM NRe malkateur ¢ hiah t he sel ecte
equation of plastic roptdedonaceaepasiedy prTohpeo ssel
51.i6f9 t hedpreopmes ness, IEdB) t( deg uad.loéhle EIYa nd A

used. Thus, HE&B8 x 8t m2 asesdtaibdre pl astic hing
behavAlogo, it i s necessary to chec&terd tthhan cto
required axi al strengt h. I n this case, even
the plastic hinge forms the base is effective

the height of -30AM$C-1X6Mrtome Thddiegrt sPRF2hQgt h i
kips, which is great erPs=tltbadn ktitpes . r eqTlisd tshe

adequat e.

8 8 -
P& pPRCP ——— B T U——" pBC
(629
— 8 8
P C@& 0P —— 2P —3 3 L@ w (629
— g 8
PB  ——— % P8 X OCB LYK — 3 Ut (6-2 9

6.6. Desi gn Met hod 3: Pinned Base Design

Assuming that the column Hdase fi s hgi nmed ods td
thick above t htehebadrei fptl art ®&tsi oa nigs t cdeal ctuhiact kende
compressible materi al i's at least 0.25 in. th
the story drift rati o boy ttohd hdei sxtod uaren fbrasme .t h e
compressible materi al wi t h t hCeh etchkii chkge etghee a g u a
strength odi vietineé 9 ellB6 BMah H8SA¥8% sel ected with
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strewgtlir4 kips which is greaPt=elr56t hkkampst.he requ

b —2 o nyREh: (627

0 g — p ¢ p [0 Q¢ (629

250
0.021,227.55%6
200

m Ginre)

150

100

ng

50

Bendi

0 0.005 0.01 0.015 0.02 0.025

Story dr

Fi g64 e Momentati on c ud3/®f tofc dHISBMAX 8 x

6.7. Di scussi on

| n t he aebxoavnep Itehsat t hree design Metshahosame fa

the elastic destigs metkrecd edHSSr8xthe plastic
determined for the pinned base design. As
conservative result, meaning that a bigger <col
can relmastmic while undergoing axi al | oad comkt

result obtained from the plastic hinge design

to have | ess thickness. Thi s ios bmaicmlnyx elme ¢ a
applied the column unti.|l the column is wunabl
moment arising from the | arge story drifts ma
this | oad effect magyolremonl sechi bhe inadequat

8 8



7. CONCLUSI ONS

Tlepr i ndorjyesotfi wérs saeritcéh i denti fy design met hods
which are subjected to | arge seismiespdcifiystab
desi gn mep hao psscneeafnudd desi gnThpsocedcthmemi zes t |
conclasdoms scussions of what hawd 8Bhreadii b6ece

presents additional research that needs to be

7.1 Elesdtgench ®d

Il n oredeiMHESISEo sd eetl o crod mannise e | talséy care subjecte
drifts combined witht haexiellascanmnpcraresssih gonaasihe@laes
di scuss€dapt erst3. baaxsieddle xmt ¢ hact i oAl S@-LFH6E0 0N s
modi fied interaction @qkiay i deas iPgn (jecayueddo @ teaghr.d t
table of the parameter f or edilg n qaihhapretess Sabrtes d c
that can be useful to determine the maxi mum &
given drift r adteisoi.g nurpen sitse dpirhaspanspdl deor ohbse el as

desi gnwemetehddafval | ows:

T The vabkhued aafabeinfluenti al adgsishmFPpIe asotdenelt e
col umns

T Asi mple design procedure is develbeped!l uonf
can resi st iBRh /@M ssreqg ttidoenes Batbhhhee dB f i ed i nter
equaBEdq.e8n( 3amrd ¢ lya eFsi gud) e 3

T Most rectangul ar and square HSS st e#8l col u

whil e undergoing | ater al drift rotations u
A base connection should be fully fixed.
The el astic design method proposed in this
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7. 2aBH ie@es i Ylat hod

Thrheiegh!| ysldacder egsawepmd®poesedpl astic hinge d
Thi s mstshuond § tthaet colbunmalsudavieed et han ctahne s pe
carry 0.04 rad story drift by deve&nepiing Ea.s t(
1) which was developed from the av-a8) | ahdeEQi t
(49 , were derived .f FB mmoudseeedmef torri d¢ hseth gpchie eadmed m |
val i @@a ienhsotd etlhggafsntom x persiurhea st dlested by Kurat a
144 FE modred &t awkakbkeyded using BAbaduensohewared i
failuréei,OPOmMent reduction criteria tama dr 2HB51%
capacity for eachNexilide lr eya e swe m@nrepEH. @B ECh ar e
predictive equations for the measur Bhefdroimf t c &

t wo best firtetspudttegskeesdennedgasveél onpedequation

T Local sl enBl/letbpésgl obtail osl/dmdammde ax Pra®Pt il @ ad
are i mportant paramet erwhii athhpar & daircgteisnt g dtrh
the column can resist unmhiel inheraobfatnmn pee
Lhcaanl s® an addiinonhal ypaedablteve equation

T Regarding the use ¢f.kocdlbheglckimdéstsn & gas iroast)
usBswhi |l e-1&§q.and41¥kwgske/ (tl4t shoul d Bbes nditee dvitdh
taken from oustescitdiebingf tamhede cd ectaw s ednmsvneabesc e b
inside corner radius.

T Compnagrhese three equations with the current
3416shotwbah relation totthdei gptiiompgt Se dyi lviemiat
conservatarvee arte svuellty (RI/t@Pw Oa xi)a | |l oad

1T Devel opedctctrosal sl enderness | imits are ap|]
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7. 83nhkradesi gn Met hod

I f the column base i 9 nflbeaxsieblpdlad recd doter bbeases s
conneche omoment at the base is negligible, wh
the drifts induced by an earltnh gtuhai kse caansde ,s ttihlel

be desiugritefipe bpbiansnee ddesi gn metthloae .col lumnClhastee rd
can be assumed as pinned twae prccheeenhu rheo vdfl ye wee
determi ner wihtet her effecti vel yFopri ntnhedla sp& ansth e e e
evaluati on, EEeatoeld | a ndvicAsbgaagluysz esdof t war e, and
stiffneé&& efsruolm twaes ¢ o mp agteidf fwi & shs t dife ZPskpleicie d i ce

T Unusual ,sdueecthmiids agi nogr beoxlttrsemel y | arge base
that the base connection can be assumed as

1T The rotational stiffness of the col umn des
verified either by someorexfpienriitnee netlael metnets tasn

T High axi al | oad may rmatstalilnow atrilge ccdloumn dr
hard to say there i s a nmnmaoametnhtit dr eecsqslatsnesandy f
desmgnhhod my not be applied.

T This pasneneddesi gmemapimpbndyeckahnape of steel col |
t hriess emmaricrhl y e §l hHeScSu ssst e edle sci oglnu mn

7.4 RecommendatWoorks f or Future

This research has given rise t o essotneghdfriwsthur e

reasonabl e highly ductile slenderness | imits

T I'n Chapter 4, to definemhewaxi all short emim
wassbeedcause this criticafll avnag eu es twed@sk ualc aslou nur
and Ua2a®dThey suggested that thfel anxgeal c elhwm
groawvs | at ar & agmeiltfiaestinsc réexapsoen emhi @ mlilty r eac he:
of haexi al shorltrenFiRlgpu@E)t,7 oi.t appeadygcsoltuments 10
when subj ePgt edde ftooa m&. rsapi dly when they rea
rat iHowe VA% rt, t adkd4k/s cHoSISusnmls | e cOt.R3d t it lol exhibit
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def ormati on at t he
t htahe critical val u
0. 25%hi snpl i ebet bate

investigated.
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e
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25 % sa&xinh li (na }Fp rgudl ekE 18
od e rt theel somriud lda dighearnt e n i 1
0.25% of axfattBbBéador:t

-0.1 -0.05 0 0.05 0.1

Drift rd)ta

15fY¥cbb6mr 4wDenn 5P/ Pb) 10f¥sc BIBG MR 6 e P/ P
Fi gél e Axi al vseh csrutse tdiactivifrsavne
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